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3 PETROGRAPHY

The petrographic analysis of the Bafoussam granitoids is based on thin sections that were
prepared from specimens of the different granitoid groups encountered in the investigated area.
Several thin sections of each lithological group are studied for mineral identification as well as
for estimation of the abundance of each mineral expressed as volume percentage of the rock. The
locations of the specimens from which the thin sections were made are given and can be
visualized in the sample locations map in the Appendix. Modal compositions were determined
by visually estimating percentages of minerals in the thin sections and in hand-specimen slabs.
Some first information of mineral chemistry are also included. The mineral abbreviations are

after Kretz (1983).

3.1 Biotite granitoid

Biotite granitoid is by far the most frequent lithology in the studied area. Twenty-five
samples have been investigated in detail: four samples were collected from Badeng locality
(BAN-13: BD-1: BD-2: NKJ-1), three samples from Bapi locality (TA-7: BAP-1: SAN-1), seven
samples from Baleng quarry (BL-8: BL-13: BL-11: BL-4: BL-5: BG-1: BL-9), eight samples
from Sedembong locality (SE-1: SE-2: SE-4: SE-5: PA-1: PA-2: TEN-31: BJD-33), two samples
from Lemgo locality (LE-2: NG-3a) and one sample (NG-7) from an enclave within the

deformed granitoid from Bafoussam-town.

Petrographically, the biotite granitoid consists of potassium feldspar, quartz, plagioclase,
biotite and sometimes amphibole (Fig. 3.1A, B and C). Accessory minerals include titanite and,
in small extent, allanite, apatite, zircon and iron-oxides. Chlorite, sericite and saussurite are the

most common products of alteration.

Potassium feldspar: Cross-hatched and/or carlsbad twinned potassium feldspar with, in
general, embayment at the grain boundaries is the main mineral present (~ 35-55 vol. %). Its
structural state varies from orthoclase to microcline (Org;_97Abg 3). The crystals are tabular- or
lath-shaped and mostly subhedral with an average grain size of 5 mm in length. String and vein

perthite exsolutions are common, while myrmekites (Fig. 3.1A) are also frequently observed at
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the K-feldspar crystal rims adjacent to plagioclase. Compositional zoning is quite common in K-
feldspars (Fig. 3.2A). Apatite, quartz, plagioclase are found as small inclusions. K-feldspar is

locally altered and replaced by sericite.

Figure 3.1: Photomicrographs in cross-polarized light, showing the common structures of the
biotite granitoid. (A) and (B) coarse-grained magmatic structure, (C) medium-grained
structure.

Quartz: Elongated quartz (~ 20-35 vol. %) occurs as anhedral grains which range in size
from 0.2 to 3 mm in length and occasionally enclose plagioclase and potassium feldspar crystals.
Quartz commonly displays sub-grain domains and undulatory extinction as signs of deformation
(Fig. 3.2B). The crystal boundaries often show embayment. Quartz is also found as intergrowths

in myrmekites and as inclusions within feldspar crystals.

Plagioclase: Albite and carlsbad twinned plagioclase (~ 20 vol. %) is commonly
subhedral with straight or corroded grain outlines (Fig. 3.1A). The crystal grains range in size

from 1 to 3 mm in length. The plagioclase is an oligoclase (An;73s5Abess2), often displays
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normal zonation with the An-content decreasing from the core (AnzsAbgs) towards the rim
(AnypAbrg). Antiperthitic texture with patches of microcline is not rare. Irregular synneusis
aggregates are locally found. Quartz, apatite, biotite and rarely titanite exist as small inclusions

within plagioclase crystals. Some plagioclase cores are clouded, entirely pseudomorphed by a

mixture of fine-grained sericite, saussurite and epidote.

Figure 3.2: Photomicrographs of the biotite granitoid. Cross-polarized light for (A), (B) and (D).
Plane-polarized light for (C). (A) Zoned potassium feldspar (Kfs), displaying carlsbad-twining.
(B) Large quartz (Qfz) crystals with undulose extinction. (C) Hornblende (Hb/) minerals
showing an optical zoning and lamellar twinning along {100} plane. (D) Isolated rounded
apatite (4p) crystals in the biotite granitoid.

Biotite: Strongly pleochroic biotite (z: greenish brown-yellowish brown and x: brown-
dark brown) constitutes about 5 vol. % of the analyzed rock components and is a moderate Fe
biotite (Xpe: 0.44-0.51). Its grain size reaches 1 mm. Biotite occurs mostly as subhedral
individual flakes that display in places shredded ends; however, aggregates are also found

particularly associated with iron-oxides and titanite. Some crystals are bent or kinked due to
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tectonic overprint. Biotite has abundant inclusions of titanite, zircon and opaque. It is commonly

altered to form pale green to grey green chlorite at its rims or along its {001} cleavages.

Hornblende: Hornblende, not omnipresent, is magnesio-hastingsite to edenite (X
0.50-0.57). Medium prismatic and tabular hornblende (~ 5-10 vol. %) is strongly pleochroic
from blue green to yellow green colour. Mineral grains present anhedral to subhedral forms and
reach the size of 1.5 mm in length. Locally, they exhibit optical zoning marked by usual pale
green rims and dark green cores (Fig. 3.2C). Many crystals show the typical two directions of
cleavage, while lamellar twinning along {100} is exhibited by only few crystals. Small anhedral
quartz grains and euhedral zircon are common as inclusions in some hornblende crystals.

Hornblende is scarcely pseudomorphed by chlorite.

Titanite is found as brown, poorly-shaped crystals usually in corona position around
iron-oxides or as subhedral to euhedral crystals measuring up to 3 mm in length, showing
flattened diamond shape. When coexisting with hornblende, titanite proportion is significant,
reaching up to 5 vol. %. Allanite occurs as subhedral tabular crystals reaching up to 2.4 mm in
length and displaying weakly yellowish to brown pleochroism and occasionally zoning. Iron-
oxides (ilmenite and magnetite) usually form anhedral to subhedral crystals that are commonly
associated with biotite or titanite; they rarely occur as isolated grains disseminated in the rocks.
Apatite (average grain size: 0.1 mm) forms tiny hexagonal, rounded or rectangular grains
occurring usually as inclusions in feldspars or seldom as isolated mineral (Fig. 3.2D). Zircon is
observed as minute grains with pleochroic halos hosted frequently by biotite (Fig. 3.1A), but also
by hornblende. Chlorite is a retrograde product of biotite and hornblende, whereas sericite and

saussurite replace potassium feldspar and plagioclase.

3.2 Deformed biotite granitoid

The twenty-nine studied samples of the deformed biotite granitoid have been taken from
Bafoussam-town (NG-5: BA-31a: TK-3a: BFS-4: BFS-1: BFS-2: NG-3a: BFS-7a: NG-1la: TK-
2a), Baleng (MD-1: ND-1: ND2a: BAS-25: BAS-26: BAS-27: BAL-2: BAN-5), River Noun
bridge (BNF-10a: BNF-14: BNF-7: BNF-24a: BNF-8: BNF-6a: BNF-10a: BNF-3: NO-1a),
River Noun bed (NN-1a).
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The deformed biotite granitoid commonly shows porphyroclastic texture which is
defined, in various proportions, by porphyroclasts of potassium feldspar, plagioclase and
additional hornblende in the hornblende-bearing variety. The porphyroclasts disturbed the
foliation which is characterized by aligned biotite streaks and multi-grain quartz aggregates
forming the matrix (Fig. 3.3A, B). The term porphyroclast describes remnants of pre-existing
megacrysts when the size is diminished by syn-deformational recrystallization or by myrmekite
replacement. Titanite, allanite, apatite, zircon, ilmenite and magnetite are the most frequent

accessory minerals, whereas chlorite, sericite and epidote represent the alteration products.

Several signatures of brittle and ductile deformations are observed. Both deformation
behaviours include undulose extinction and different degrees of dynamic recrystallization
particularly of quartz and minor feldspars, internal micro-cracking in porphyroclasts, sometimes
accompanied by dislocation glides, and mechanical kinking and bending in the plagioclase
grains. On the other hand, recrystallized new grain aggregates of the matrix commonly flank the
porphyroclasts, forming mantled porphyroclast structure. They are often deformed into wings
that extend on the both sides of the porphyroclast parallel to the foliation; wing shape can be
used as a shear sense indicator. Two mantled porphyroclast types are recognized, @-type without
wings and ®-type possessing wings without stair-stepping (difference in elevation on the both
sides). The material behaviour of quartz and feldspars indicates that deformation occurred under

a temperature above 500°C (Tullis, 1990; Passchier and Trouw, 1998).

Figure 3.3: (A) and (B) photomicrographs in cross-polarized light, displaying the structure of
the deformed biotite granitoid. Note the mylonitic fabric.
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Potassium feldspar: Subhedral lath shaped potassium feldspar (5—40 vol. %) occurs as
porphyroclasts with a maximum length of 3 mm (Fig. 4A). Cross-hatched microcline twinning
and rarely orthoclase twinning are easily distinguishable, adopting the deformation of the
crystals. K-feldspar is microcline and rarely orthoclase (Org;_9sAbg 4) and occasionally exhibits
regular compositional zoning and wavy extinction. String- and rarely flame-shaped perthitic
exsolutions of albite are observed. The replacement of K-feldspar by a plagioclase-vermicular
quartz symplectite forming myrmekites is not scarce. Particularly, the myrmekites grow along
the K-feldspar grain boundaries parallel to the foliation (Fig. 3.4B), interpreted as deformation
related (Simpson and Wintsch, 1989; Vernon, 1991). Simpson and Wintsch (1989) show, that
myrmekites in deformed granitic rocks develop only on sides of K-feldspar porphyroclast facing
the shortening direction. The crystals are corroded and wrapped around by fine-grained
recrystallized feldspars, quartz or in some cases thin trails of biotite. Plagioclase, apatite, biotite,

allanite and titanite are found as inclusions, while sericite represents a secondary product.

Figure 3.4: Photomicrographs in cross-polarized light of the deformed biotite granitoid. (A)
Potassium feldspar (Kfs) wrapped by fine-grained matrix. (B) Growth of the myrmekites (Myr)
along a K-feldspar (Kfs) grain boundary parallel to the foliation. Note the carlsbad-twining of
the K-feldspar.

Quartz: In contrast, quartz (10-35 vol. %) generally shows complete recrystallization.
Quartz grains are mostly anhedral, their size varies from less that 0.05 to 1 mm. Quartz occurs
elongated (quartz-I) or newly formed and fine-grained (quartz-II) (Fig. 3.5A and B) around
porphyroclasts. The elongated crystals often exhibit ribbon-like shape with strong crystal-plastic
deformation, sub-grain patterns and undulatory extinction related to high-temperature, solid-

stage deformation (Kruhl, 1996). Their long direction is parallel to the foliation. The boundaries
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of quartz crystals are irregular, due to grain boundary migration recrystallization. Locally, quartz
shows dynamic recrystallization to form small grains (up to 0.5 mm in length) which are in some
places in equilibrium with straight grain boundaries joining in a triple junction to produce

annealed texture. Quartz usually fills intragranular cracks in feldspars.

Figure 3.5: Photomicrographs in cross-polarized light of the deformed biotite granitoid. (A)
Quartz grains displaying dynamic recrystallization fabric. Note the elongated shape of old
quartz (Qtz: quartz-I) with undulose extinction and subgrains which are recrystallized into
small quartz grains (Qtz: quartz-II). (B) Quartz (Qfz) crystals with irregular grain boundaries
due to grain boundary migration recrystallization. Note the undulose extinction and the
elongate subgrains in quartz.

Plagioclase: Porphyroclasts of plagioclase (2045 vol. %) are tabular-shaped with
rounded corners and ranging in size from 0.4 to 2 mm. They are albite to oligoclase (Ang p3Ab7;-
90) and exhibit locally a weak reverse zonation (core: AngAbgy — rim: Anj7Abg,) (Fig. 3.6A).
The majority of twins in the plagioclase obey the albite twin law. However, the association with
pericline-law twins is locally observed. Twin lamellas are often bent. Some crystals of
plagioclase display deformational kink-bands (Fig. 3.6B), wavy extinction and sets of micro-
cracks sometimes accompanied by slightly dislocation and displacement forming bookshelf
structure (Fig. 3.6 C and D). There are local synneusis aggregates of plagioclase. Quartz, apatite
and titanite inclusions are frequent. The plagioclase alteration into both sericite and epidote is

ubiquitous, but the extent of the alteration varies between the samples.
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Figure 3.6: Photomicrographs in cross-polarized light of the deformed biotite granitoid. (A)
Subhedral, tabular and zoned plagioclase (P/), displaying combined albite and carlsbad
twining. (B) Kink-band deformation of twin lamellas in plagioclase (P/). (C) and (D) typical
"Bookshelf" fracturing structure in plagioclase (P1) and potassium feldspar (Kfs), respectively.
Note the flame perthite in K-feldspar.

Hornblende: Strongly pleochroic hornblende (0-20 vol. %) is coloured from yellowish
green to bluish green. It is represented by magnesio-hastingsite and edenite (Xyg: 0.52-0.62)
which form tabular or irregular-shaped porphyroclasts, measuring up to 2 mm in length. Some
porphyroclasts have simple and lamellar {100} twinning or cleavage {110} in two directions that
intersect at approximately 60° and 124°. Zoned hornblende crystals, with pale-green cores
(edenite) and bluish-green edges (magnesio-hornblende) are found. They often show a poikilitic
texture, commonly with inclusions of quartz, biotite, titanite and opaques (Fig. 3.7A). The

hornblende is in part replaced by chlorite and epidote, particularly along the rims.

Biotite: Flakes of biotite (Xg.: 0.40-0.67; ~ 5 vol. %) are pleochroic from yellowish to

green- or dark-brown. The size of the crystals reaches up to 0.5 mm. Biotite is commonly bent
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with irregular grain boundaries. Its flakes are distributed along the foliation in between the
interstices of porphyroclasts and often associated with titanite, allanite and opaque minerals.
There are local thin trails of dusty biotite. Inclusions of zircon and patches of retrograde chlorite

are frequent.

Figure 3.7: Photomicrographs in cross-polarized light of the deformed biotite granitoid. (A)
Poikilitic hornblende (/4b1) with titanite (7tn), magnetite (Mag) and quartz (Qtz) inclusions. (B)
Diamond-shaped euhedral titanite (7¢n) crystals, displaying prismatic cleavage on {110}.

Pale brown titanite has a size up to 2 mm in length. In general, it is euhedral,
characterized by tabular and diamond-like morphology and elongated according to the foliation.
Some crystals show a mildly pleochroism and are twinned. Locally, distinct prismatic cleavage
on {110} (Fig. 3.7B) and twins on {100} are observed. Allanite grains are euhedral and ranging
in size between 0.2 and 1 mm. They are light to dark-brown coloured, often zoned and twinned.
Short prismatic and acicular crystals of apatite (up to 0.4 mm) appear either as inclusion within
amphibole and feldspars or as isolated minerals distributed in the matrix. Euhedral crystals of
zircon (less than 0.2 mm) are found as inclusions, producing pleochroic halos in biotite and
amphibole. Hematite is the dominant oxide, with minor ilmenite. Both have been re-
equilibrated below the solidus and often wrapped by a corona of titanite. Weakly pleochroic
epidote is colourless to pale-yellow. Epidote crystals are poorly-shaped and their size ranges
from 0.2 to 0.7 mm. They commonly rim allanite and replaced plagioclase and hornblende.

Grey-green chlorite forms at the expense of biotite.
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3.3 Mega feldspar granitoid

Sixteen samples of mega-feldspar granitoid are analyzed, eight collected from
Bamoungoum locality (BM-1: BM-1a: BM-2: HO-1: KE-1: KO-12: DML-1: DML-1a: DML-2),
three from Kobikong locality (BNF-27: BN-1: BN-2), two from Tesse locality (TE-2: TE-6) and
two from Tséla locality (TS-1: TS-2).

The mega feldspar granitoid shows a porphyritic granular structure. Its characteristic
feature is the presence of large white or light pink potassium feldspar crystals (2 to 8 cm in
length) with respectable twinning and zonation, which are suspended in a groundmass of finer
grains of quartz, K-feldspar, plagioclase, biotite, with titanite, allanite, apatite, iron-oxides,
zircon and monazite as accessory phases (Fig. 3.8A). Secondary minerals such as chlorite,

sericite and epidote are also present.

Commonly, cracks and recrystallization in the course of brittle deformation influence can
be observed, with in some cases K-feldspar and plagioclase being fractured, quartz being
elongated and biotite aligned along shear planes. Cracks in the feldspars are frequent, filled by

epidote.

Potassium feldspar: Subhedral potassium feldspar (24—40 vol. %) occurs as megacrysts
(Orgy 95Abg 5), but scarce interstitial crystals are also found in the groundmass. There is no
difference in composition between megacrysts and matrix K-feldspar. It is frequently lath-shaped
or tabular microcline showing straight or embayed grain borders, association of cross-hatched
and carlsbad twin patterns, and locally compositional zoning. Irregular distributed tiny strings of
perthite exsolutions are in some places observed (Fig. 3.8B). At the crystal rims adjacent to
plagioclase, quartz vermicules are sporadically found in plagioclase, forming myrmekite texture.
K-feldspar often encloses euhedral tabular plagioclase, quartz and apatite. Varying extents of
replacement of the potassium feldspar by patches of sericite that tend to be concentrated in the

core are observed.
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Figure 3.8: Photomicrographs in cross-polarized light of the mega feldspar granitoid. (A)
Porphyritic granular structure. (B) Lath-shaped potassium feldspar (Kfs) displaying string
perthite (4b). (C) Lath-shaped plagioclase (P/) with patches of K-feldspar (microcline). (D)
Zoned allanite (4/n) rimmed by epidote (Ep). (E) Retrograde development corona of epidote
(Ep) around allanite (Aln), both surrounded by chlorite (Chl). (F) Magnetite (Mag) rimmed by
retrograde titanite (7tn).

Quartz: Inequigranular quartz (15-25 vol. %) appears rarely isolated. It forms elongated
crystals which measure from 0.2 to 2.5 mm in length, displaying undulose extinction and in

some cases chessboard pattern subgrains as common features. The grain boundaries are irregular.
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Along the zones of intensive shearing, low-temperature marginal recrystallization of quartz
forming fine-grained aggregates is observed in the narrow rims. These fine-grained quartz grains

often corrode feldspar crystals.

Plagioclase: Tabular plagioclase crystals (22-25 vol. %) are chiefly oligoclase along
with subordinate albite (Ang_23Abgg 1), showing distinct albite twin lamellas that are frequently
combined with carlsbad twins. Locally, pericline-law twins formed over the pre-existing albite
twinning are discretely concentrated along crystal rims. The plagioclase has subhedral to
euhedral forms with embayed or straight outlines. The grain size is varying from 0.6 mm up to
2.5 cm in length. Zoned plagioclase with strong increase of the An-contents from core (AnsAbos)
to rim (An;7Absg,) is not rare. There are patches of microcline as exsolutions (Fig. 3.8C). Small
amounts of earlier-formed of biotite, quartz, and apatite are found as inclusions. Several degrees
of sericitization and saussuritization are observed in the course of alteration processes, and in

some cases the plagioclase crystals are completely dusted, due to the alteration.

Biotite: Subhedral flakes of biotite (~ 5 vol. %) between 0.4 and 1.5 mm in length are
often corroded at their border, except when they are hosted by K-feldspar and plagioclase.
Biotite crystals show intensive pleochroism (X g.: 0.53—0.82; z: dark brown-yellow brown and x:
brown-pale brown). Commonly, biotite in the groundmass forms aggregates, mantling crystals of
K-feldspars and plagioclase. In some places, biotite is recrystallized in fine grains which are
associated with fine-grained quartz along shear planes. The biotite crystals are rich in pleochroic
halos revealing inclusions of zircon and/or monazite. In addition, apatite inclusions are not rare.
Biotite flakes are often partially or totally chloritized with concentration of opaques along the

cleavages.

Zoned and twinned allanite is characterized by yellowish brown to brown pleochroism
and commonly rimmed by an epidote phase (Fig. 3.8D and E). Its grains are euhedral, elongated
or short prismatic and reach the dimension of 1.7 mm in length. Titanite occurs either as
subhedral to euhedral crystals which range in size from 0.3 to 1.2 mm in length or as poorly-
shaped crystals mantling opaques (Fig. 3.8F). In most cases, the occurrence of apatite crystals
reaching the size of 0.3 mm in length is confined to inclusion within feldspars, biotite and

titanite. Zircon is found as small well-defined crystal inclusions accompanied by pleochroic
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halos mainly in biotite. Magnetite and ilmenite are the iron-oxide minerals. They occur as
distinct isolated crystals (up to 2.2 mm in length) in the groundmass or as aggregates together
with biotite, titanite and rare hornblende. They are often observed as inclusions in the feldspar
megacrysts. Owing to the later alteration overprint, biotite is locally replaced by chlorite,
whereas sericite and epidote are developed from former feldspars and allanite, and additionally

fill narrow fissures in feldspar crystals.

3.4 Two-mica granitoid

A total of nine samples of the two-mica granitoid is examined here, of which three
samples come from Bamoungoum locality (BM-3: BM-4: BM-5), five samples from Bapi
locality (BP-1: TA-9: BAN-6: BF1: BF2) and one sample from Kobikong locality (NO-30).

The two-mica granitoid is light greyish colored and in general fine- to medium-grained. It
has a granular magmatic texture and consists of potassium feldspar, quartz, plagioclase, with
subordinate amounts of muscovite, biotite and occasionally garnet (Fig. 3.9). Zircon, monazite,

apatite and ilmenite are accessories, while sericite and chlorite are alteration products.

Figure 3.9: Photomicrograph in cross-polarized light of the two-mica granitoid, showing a
medium-grained magmatic structure.

Potassium feldspar: Subhedral to anhedral potassium feldspar (~41 vol. %), either
microcline or occasionally orthoclase (Org;_96Abj94) is the major component. It occurs as

medium-grained laths or scarcely tabular grains of 1-4 mm in length and usually has embayed
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outlines. The K-feldspar exhibits distinct cross-hatched and carlsbad twins. Some crystals show
film, flame and patchy perthitic albite intergrowths (Fig. 3.10 A, B and C). Occasionally, the
contact between K-feldspar and plagioclase crystals is characterized by myrmekitic texture.
Besides small euhedral inclusions of plagioclase, quartz and apatite inclusions are also observed.
Potassium feldspar alteration to sericite is common, but the extent of replacement varies, with K-

feldspar cores showing a high concentration of sericite.

Figure 3.10: Photomicrographs in cross-polarized light of the two-mica granitoid. (A) Potassium
feldspar (Kfs) flame perthite (albite: Ab). (B) K- feldspar (Kfs) film perthite (45). (C) K-
feldspar (Kfs) with patches of perthite (albite: Ab). (D) Myrmekitic intergrowth (Myr) within a
plagioclase (P/).

Quartz: Ubiquitous quartz (~ 32 vol. %) usually occurs as separate crystals (0.1-3 mm)
or as irregular aggregates with very variable sizes, filling interstices between the feldspar
crystals. Some large crystals of quartz display lamellas with subgrain patterns and undulatory
extinction as a result of strain processes. On the other hand, subhedral earlier-formed quartz

grains appear as small inclusion in feldspars. Quartz intergrowths are observed forming
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myrmekites with plagioclase which is preferentially in contact with adjacent K-feldspar (Fig.
3.10D).

Plagioclase: Flattened tabular plagioclase (~ 22 vol. %) is present in subhedral to
euhedral forms and measures from 1 to 3 mm in length. Albite polysynthetic twinning is
common. Sporadically, pericline twins are also observed along the rim of some crystals.
Plagioclase is albite to oligoclase (Ans_2Abgs 77), commonly antiperthitic showing patches of
microcline. It often shows reverse zonation (core: Anz sAbgs 94 — rim: Anj, 14Abg7 gs). Fine-
grained plagioclase crystals (about 0.3 mm long) are frequently associated with fine-grained
quartz. Locally, plagioclase crystals suffer marginal corrosion from fine-grained quartz, yet
others are mantled by small muscovite flakes. Sericitization of plagioclase is common,

frequently at the core of the crystal.

Muscovite: Subhedral to anhedral Muscovite (Xg.: 0.52-0.82; ~ 3 vol. %) shows typical
flaky grains either scattered or hosted by plagioclase and biotite. Its grains are colourless with
irregular to straight margins and range from 0.6 to 2 mm in length. Individual muscovite lamellas
are rare (Fig. 3.11); they form aggregates that are in some cases accompanied by biotite. Fine
grained muscovite commonly surrounds K-feldspar and plagioclase. Apatite inclusions are often

in muscovite.

Figure 3.11: Photomicrograph in cross-polarized light of the two-mica granitoid, displaying a
flaky muscovite (Ms) corroded by quartz (Qrz).
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Biotite: subhedral to anhedral Fe-rich biotite (Xg.: 0.64—0.80; ~ 2 vol. %) has a varying
grain size of up to 2 mm and occurs as separate crystals or as intergranular aggregates. The
lamellas are perfectly pleochroic, changing the colour from light green to yellowish green along
z axis and yellowish brown to dark brown along x axis. Biotite flakes often contain inclusions of
zircon and/or monazite and apatite. Occasionally, biotite is partially replaced by chlorite with

concentration of magnetite and ilmenite along cleavages.

Garnet: euhedral garnet (~ 1 vol. %) is almandine—spessartine (Xpe: 0.99; Xym: 0.46—
0.56) and 1is sparsely distributed. It is found only in small proportion in sample TA-9. Garnet
occurs as colourless to whitish, small and rounded grains and has a diameter of 1-5 mm. Garnet
crystals are often fractured with muscovite and chlorite developing along the fractures, and are

almost free of inclusions (Fig. 3.12A).

Figure 3.12: Photomicrographs in cross-polarized light of the two-mica granitoid. (A) Rounded
garnet (Grt) grains. (B) Euhedral isolated ilmenite (//m).

Zircon and monazite are found as euhedral crystals usually confined to inclusions in
biotite and producing typical brownish or purplish pleochroic halos (Fig. 3.9A). Apatite occurs
as stubby prisms commonly included in feldspars and muscovite, while ilmenite crystals occur
isolated (Fig. 3.12B), as inclusion within feldspars and muscovite or alteration product of biotite.
The common minerals of retrograde origin include chlorite which replaces former biotite and

sericite, formed at the expense of feldspars.
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To conclude, the main petrographic and mineralogical characteristics of the Bafoussam
granitoids are summarized in Table 3.1. These granitoids display quite similar minerals
composition, with exception of the two-mica granitoid which additionally has primary muscovite
and rare igneous garnet. In each granitoid group, minerals have been crystallized during two
phases of the evolution: (1) a magmatic phase during which the main minerals, potassium
feldspar, quartz, plagioclase, biotite, hornblende, muscovite, garnet and the accessory minerals
have been formed; and (2) a late-magmatic phase that resulted in a transformation of minerals
present (e.g., oxide mineral — titanite, biotite — oxide mineral). The transformation of the
primarily crystallized minerals through alteration is moreover observed and the minerals such as
chlorite, sericite and epidote have formed at the expense of biotite, feldspars, hornblende and

allanite, respectively.

The sequence of crystallization deduced from the petrographical observations is
summarized in Figure 3.13. Liquidus minerals are oxides (magnetite and/or ilmenite), and apatite
as they are included in the other minerals. Quartz and feldspar are commonly the last minerals to

crystallize.

Apatite, magnetite, iimemite A Apatite, magnetite, iimemite ®)
Zircon, honrblende Zircon, fitanite, Hol

Titanite, biofite, plagioclase Biotite, plagioclase

Quartz, Kfs, allanite Quartfz, Kfs, allanite

Apatite, magnetite, ilmenite, Zrn (C] Apatite, limenite (D]

Mnz, fitanite, biotite, allanite Zircon, monazite, garnet

Allanite, plagioclase biotite, Plagioclase

Quartz, Kfs Kfs, muscovite, quartz

Figure 3.13: Sequence of crystallization in the different Bafoussam granitoid groups as deduced
from the petrographical observations. (A) Biotite granitoid, (B) deformed biotite granitoid, (C)
mega feldspar granitoid, (D) two-mica granitoid. Mineral abbreviations: Zrn: zircon; Mnz:
Monazite; Hb!: hornblende; Kfs, potassium feldspar.
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Table 3.1: Summary of petrographic characteristics and modes of the Bafoussam granitoids

Notes: —: absent; x: present; xx: common; s: secondary; Kfs: orthoclase and/or microcline; Or: orthoclase; Ab: albite

Xme =Mg/(Mg + Fe’") and Xg. = Fe*" (Mg + Fe*"), both calculated in molar ratios from microprobe analyses

Biotite granitoid

Deformed biotite granitoid

Mega feldspar granitoid

Two-mica granitoid

Texture and structure

Medium- to coarse grained (up to
1cm) and heterogranular, but also
fine-grained; generally massive;
host hornblende-bearing enclaves;
presence of late aplite, pegmatite
and quartz dykes

Granoblastic, medium- to coarse
grained (Kfs up to 2 cm); weakly to
strongly tectonic foliation defined by
orientation of hornblende, biotite,
potassium feldspar; metagabbro and
phyllonite? enclaves

Porphyritic (Kfs up to 8cm),
strong alignment of megacrysts;
magmatic and tectonic foliation

locally superimposed; locally
augengneiss texture

Typically medium-grained (~4
mm); unfoliated to weakly
foliated; presence of biotite-
rich (surmicaceous) enclaves

Mineralogy (vol. %)
Potassium feldspar

35-55 (Orgy 97Abg 3)

5—40 (Ory;_gsAby_4)

24-40 (Oryy 95Abg 5)

~41 (Org)_96Abig 4)

Quartz 20-35 10-35 15-25 ~32
Plagioclase ~20 (Any7_35Abg; 64) 20-40 (Ang_3Abgy 71) 22-25 (Ang_53Abgg 42) ~22 (Anz—;Abgs 77)
Biotite ~5 (Xpe: 0.44-0.51) ~5 (Xpe: 0.40-0.67) ~5 (X pe: 0.53-0.82) ~2 (Xge: 0.64-0.80)
Hornblende 5-10 (Xmg: 0.50-0.57); not ~20 (Xpg: 0.52-0.62); not - -
ubiquitous, magnesio-hastingsite to | omnipresent, magnesio-hastingsite to
edenite edenite

Primary muscovite - - - ~3 (Xpe: 0.52-0.82)
Igneous garnet - - - I (Xge: 0.99; Xy: 0.46-0.56),

almandine—spessartine

Accessories

Apatite XX XX XX X
Titanite XX XX X -
Allanite X X X -
Zircon XX XX XX X
Monazite - - X X
Ilmenite X X X X
Magnetite X X X -
Chlorite S S S S
Sericite S S S S
Epidote S S S —

Classification (using
CIPW norm and major

element data)

Mostly syenogranite and
subsidiary alkali-feldspar granite,
monzogranite and quartz-
monzonite

Mainly syenogranite and secondary
alkali-feldspar granite, monzogranite,
granodiorite, quartz-syenite, quartz-
monzonite, quartz-monzodiorite

Syenogranite and monzogranite,
subordinate granodiorite

Alkali-feldspar granite and

syenogranite
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4 MINERAL CHEMISTRY

Chemical compositions and structural formulas have been determined for a number of
minerals within 27 selected samples of the Bafoussam granitoids using electron microprobe
(EMP) analysis. The microprobe analysis has been focussed on biotite, muscovite, garnet,
hornblende and feldspars, as these minerals potentially contain information about the magma's
chemical evolutionary path. Representative microprobe results are listed in Tables A.2.1-A.2.6b,
Appendix A.2 and the analytical procedures are given in the Appendix A.1.2. Mineral formulas

have been calculated with the computer software Framework IV (Ashton Tate GmbH).

4.1 Micas: biotite and muscovite

According to their classification (Rieder et al., 1998), micas are phyllosilicates in which

the unit structure contains one octahedral sheet between two opposing tetrahedral sheets. The
simplified crystal-chemical formula of micas can be written as IM, 3 [11.¢74004> (Rieder et al.,

1998; Rieder, 2001), where labels represent the following chemical elements: / is generally K,

Na, Ca, and rarely Cs, NH4, Rb, Ba; M is commonly Li, Fe*" or Fe’", Mg, Al, Ti, and rarely
Mn®" or Mn®", Zn, Cr, V; O represents a vacancy; 7 is usually Al, Fe’”, Si, and rarely Be, B; and

A 1s commonly F, OH, and rarely Cl, O (oxy-micas), S.

4.1.1 Biotite

Biotite refers to a series of true trioctahedral dark micas with range of compositions
between the annite (KFe2+3AISi3Om[OH]2) — phlogopite (KMg3;AlSi3;0,0[OH];) and
siderophyllite (KFe2+AlAIZSi2010[OH]z) — eastonite (KMg,AlAlSi,0,9[OH],) joints (Rieder et
al. 1998).

Biotite is present as a common ferromagnesian silicate in all the granitoid types of the
Bafoussam area where it occurs as an early- to late-stage crystallization mineral. It forms
euhedral to subhedral discrete flakes, measuring up to 2 mm in length or aggregates of several

grains intimately associated with muscovite, hornblende, titanite and Fe—Ti oxides. Biotite often
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contains inclusions of zircon, apatite, titanite, ilmenite (magnetite). Biotite flakes are frequently
altered, either partially along its {001} cleavages or completely to chlorite. Table A.2.1 in the
Appendix A.2 reports the compositions and the structural formulas of the analyzed biotites. The
structural formulas of biotite were calculated under anhydrous conditions on the basis of twenty-

two oxygens. The total iron is represented as Fe".

The chemical composition of biotite from the studied Bafoussam granitoids indicates
pronounced variations in total Al contents, Mg contents and Fe*"/(Fe*” + Mg) values. For the
biotite granitoid, biotite has mean total Al values of 2.476-2.810 atoms per formula unit (a.p.f.u),
Fe*/(Fe*" + Mg) ratios of 0.436-0.510 and Mg values of 2.486-2.865 a.p.f.u. In the deformed
biotite granitoid, the biotite has total Al, Fe*"/(Fe*" + Mg) and Mg values of 2.476-2.987 a.p.f.u,
0.411-0.666 and 1.594-3.001 a.p.f.u, respectively, whereas the biotite from the mega feldspar
granitoid contains 2.704-3.404 a.p.fu of total Al, 0.526-0.820 of Fe*"/(Fe*" + Mg) ratios and
0.820-2.393 a.p.f.u of Mg. Finally, the biotite from the two-mica granitoid is characterized by
high and variable total Al contents (2.888-3.433 a.p.f.u) as well as moderate Fe**/(Fe*” + Mg)
and Mg values in the range of 0.637 to 0.808 and 0.873 to 1.802 a.p.f.u, respectively.

The data of the analyzed biotites are presented in the idealised annite — phogopite —
siderophyllite — eastonite quadrilateral (Fig. 4.1A), which shows the Fe**/(Fe*” + Mg) and total
Al (3_Al) compositional relationships of trioctahedral micas from igneous rock suites (Speer,
1984). This quadrilateral diagram also offers, by these two variables, the degree of
peraluminosity and the redox state of the mica host rocks. In Figure 4.1A, the biotite samples
mostly plot towards the annite — siderophyllite joints of the quadrilateral, indicating general high
Fe*'/(Fe*" + Mg) values and total Al contents, respectively, of 0.411— 0.820 and 2.476-3.433
ap.fu of biotites from the Bafoussam granitoids. With Fe**/(Fe*" + Mg) > 0.33, all these
samples contain biotite (sensu stricto) in the sense of Deer et al. (1962) and are classified as
meroxenes and lepidomelanes except some mega feldspar granitoid samples which plot in the
field of siderophyllite, following the terminology of biotite after Troger (1982) (Fig. 4.1). Using

the nomenclature of Foster (1960), they have compositions of Fe*'- biotites.

The generation of the biotites is obtained using the (FeO* + MnO)-10Ti0,-MgO ternary
diagram (Fig. 4.1B) after Nachit (1986), which distinguishes between primary or magmatic
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biotites, re-equilibrated primary or late-magmatic biotites and secondary or post-magmatic
biotites. The investigated biotites indicate compositions lying mainly within the re-equilibrated
primary biotites field, even if the transformations are not always visible under the optic
microscope. However, most samples of the two-mica granitoid and less samples of the mega

feldspar granitoid display composition of primary biotites.

Annite Siderophyllite 10TiO,
1.0
_ 0.8 R é‘» ———————
(&)
= Lepidomelane
++ 0.6
o | ___ /8RO
v
~~
etm 0.4- Meroxene
L Re-equilibrated
primary biotites
02r- o eea
Phlogopite /ST T ——
Secondary biotites -
0.0 | | 1
2.0 25 30 3.5 4.0 FeO+MnO MgO
Phlogopite OAl (a.p.f.u) Eastonite

B Bjfofite granitoid

O Deformed biotite granitoid
A Mega feldspar granitoid
¢ Two-mica granitoid

Figure 4.1: (A) Nomenclature of biotite of the Bafoussam granitoids expressed in the Fe*"/(Fe**
+Mg) versus Y Al (a.p.f.u) diagram also known as the annite — phlogopite — siderophyllite —
eastonite quadrilateral. Fe”": total iron atoms (Fe*" + Fe’*) and YAL: total Al ('A1+ A1), The
subdivision of tetrahedral micas (heavy line: Deer et al., 1962) and the biotite classification
(dashed lines: Troger, 1982) are shown. (B) Classification based on the (FeO* + MnO)—
10TiO,-MgO ternary diagram of Nachit (1986), showing the position of the Bafoussam
granitoid biotites mostly within the re-equilibrated primary (post-magmatic) biotites field.
FeO*: total iron oxides (FeO + Fe,O3). Trend (1) reflects the significant contribution of crustal
component during the granitoids genesis.

The late- to post-magmatic evolution of primary biotites generally leads to the increase of
aluminium (A1) and magnesium and to the decrease of titanium concentration (Nachit, 1986).
The re-equilibration of the investigated biotites may be related to: (1) the late subsolidus
reactions associated with chloritisation of biotite; and (2) the plastic deformation that has
variably overprinted the studied granitoids hosting the biotites. During this deformation, the

biotite occasionally experienced kink banding and was locally recrystallized to small flakes.
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Moreover, the Ti of biotite is controlled by the temperature of crystallisation (Guidotti et al.,
1977; Guidotti, 1984; Nachit, 1986; Patifio-Douce, 1993) and the titanium saturating phase such
as titanite, ilmenite and rutile (Puziewicz and Koepke, 1991). The solubility of Ti increases with
an increase in temperature, whereas the presence of a Ti-rich mineral increases the Ti content of
biotite. Using this temperature—Ti relationship for the granitoids under study, the biotite
granitoid (T1: 0.176-0.388 a.p.f.u), deformed biotite granitoid (Ti: 0.157-0.390 a.p.f.u), mega
feldspar granitoid (Ti: 0.206—0.404 a.p.f.u) and the two-mica granitoid (Ti: 0.216-0.459 a.p.f.u)
Ti contents overlap, suggesting that they seem to have been crystallized at quite similar
temperatures. Monier and Robert (1986) argued that the Ti content of biotite in granitoid rocks
also depends on the Ti content of the magma, the lower Ti-saturation boundary being constrained
by the equilibrium with amphibole. The colour of the biotite seems also to be related to the Ti
content, as well as the Mg and Fe ones (Deer et al, 1962; Lalonde and Bernard, 1993). The
roughly brownish tinge of the studied biotites reflects then the relative high total Fe and Ti

contents, hence a poor Mg content.

Numerous studies carried out on igneous biotites have demonstrated that chemical
compositions of biotite in igneous rocks can be employed as a tool for the tectonomagmatic and
petrogenetic discrimination (Nachit et al., 1985; Ague and Brimhall, 1988; Lalonde and Bernard,
1993; Abdel-Rahman, 1994). Since biotite continuously equilibrates with the host magma, its
composition reflects the composition of the magma from which it crystallized and indirectly the

nature of the protolith.

Nachit et al. (1985) proposed a classification system on the basis of total Al and Mg in
structural formulas to discriminate the biotite samples into different fields, alumino-potassic,
calc-alkaline, subalkaline, alkaline and peralkaline, according to the host rocks magma natures.
In the total Al against Mg (a.p.f.u) (Fig. 4.2A), the biotites of the Bafoussam granitoids have
compositions similar to those of calc-alkaline granites of Nachit et al. (1985) and display a

negative correlation between total Al and Mg.

Furthermore, several diagrams based on major elements FeO*, MgO and Al,Os of biotite
minerals have been introduced by Abdel-Rahman (1994) to differentiate the biotite compositions

of plutonic rocks that crystallized from three distinct magma types, hence tectonic settings: (1)
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anorogenic extension-related peralkaline granites; (2) calc-alkaline I-type orogenic suites; and
(3) peraluminous rocks including S-type orogenic granites. Amongst these diagrams, the ternary
FeO*-MgO-Al,0; diagram is chosen here, as it best provides information about the variations
in peraluminosity and the oxidation-reduction state of the rock hosting the mica. In the FeO*—
MgO-AlL,05 (wt. %) triangular plot (Fig. 4.2B), biotite samples from the investigated granitoids
define a linear trend between the fields of peraluminous and calc-alkaline granites with the
biotite granitoid and the deformed biotite granitoid being more calc-alkaline and the two-mica

granitoids and the mega feldspar granitoid being more peraluminous.
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O Deformed biotite granitoid
A Mega feldspar granitoid
¢ Two-mica granitoid

Figure 4.2: Biotite compositions of the Bafoussam granitoids: (A) Classification Mg versus > Al
(a.p.fu) diagram after Nachit et al. (1985), demonstrating the calc-alkalic affinity of the rocks
hosting the analyzed biotites. YAl = total Al (YAl + [YAl). (B) FeO*-MgO-ALO; (wt. %)
biotite discrimination diagram modified after Abdel-Rahman (1994), showing the calc-alkaline
and peraluminous characters of the Bafoussam granitoids. FeO* = total iron (FeO + Fe,03).

The Bafoussam biotite compositions in the quadrilateral (Fig. 4.1A) show a progressive
increase principal of the total Al contents and of the Fe’*/(Fe*” + Mg) ratios of biotites from
intermediate to evolved host granitoids, as illustrated by the trend (1). This trend compares
closely to those observed in the Canadian Appalachian granites (Shabani et al., 2003), the
Japanese ilmenite-series granites (Czamanske et al., 1981) and the Hercynian granite of northern

Portugal (Konings et al., 1988). It is interpreted to indicate considerable contributions of crustal
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material (metasediments) during the petrogenesis of the Bafoussam granitoid magmas, either by
assimilation or anatexis. Moreover, the positive correlation between total Al and Fe*'/(Fe*" +
Mg) is also consistent with the compositional trend of biotites from continental-collision related

granites (Lalonde and Bernard, 1993).

On the other hand, the analyzed biotite samples commonly have higher ASI values
[alumina saturation index = ) Al/(Ca + Na +K)] varying from 1.3 to 1.9 with the highest values
appearing in biotite from two-mica granitoid. Such high values of ASI in biotite, in particular
biotite coexisting with muscovite and other peraluminous minerals, are evident for increased

alumina activity in the crystallizing magma (Zen, 1988).

The highest Fe*"/(Fe*" + Mg) ratio of the two-mica granitoid and mega feldspar granitoid
biotites reflects the Mg-poor nature of the more felsic (or evolved) granitoid magma. The
experimental investigations performed by Robert (1981) have shown that the incorporation of Al
in a trioctahedral mica structure principally depends on Fe and Mg contents, and on temperature.
The Al substitution is as higher as the temperature is lower, and the initial composition of mica

more enriched in iron and hence deprived in Mg.

Among biotite compositions, the excellent negative total Al and Mg correlation depicted
in Figure 4.2 is usually explained by a number of substitutions operating between four biotite
end-members. According to Stussi and Cuney (1996), the calc-alkaline biotite compositions are
mainly controlled by the following exchange schemes:

(1) Mg < Fe (phlogopite — annite substitution: Speer, 1984)

(2) 710IM, 2MA1 & Mo, 21ISi along annite / phlogopite — MTS (tetrasilicic mica) join
(Robert, 1981; Monier and Robert, 1986)

(3) 3*1IM « 2¥Al g along the annite / phlogopite—muscovite join (Robert, 1981;

Monier and Robert, 1986).

4.1.2 Muscovite

The term muscovite or “white mica” broadly describes dioctahedral mica (Rieder et al.,

1998), having muscovite (sensu stricto: KALLAISi;0,0[OH];), paragonite (NaAl,AlSi;Og
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[OH],), margarite (CaAl,ALSi,Oo [OH],) and celadonite (K[Mg, Fe*][Fe’", Al]Si,O10 [OH],)

as principal end- members.

The muscovite occurrence is restricted to the two-mica granitoid of the Bafoussam area.
It forms large subhedral or euhedral crystals, having grain sizes of up to 2 mm in length and
containing inclusions of accessory magmatic minerals. Muscovite crystals are generally isolated
or imbricated, and parallel growths of muscovite and biotite are rarely encountered. Selected
oxide components and atom concentrations of the examined muscovites are portrayed in Table
A.2.2 in the Appendix A.2. The structural formulas were calculated on a dry condition basis
assuming twenty-two oxygens and all the iron was considered as Fe?". End-member
compositions in molecular proportions are presented respecting the margarite, paragonite,

celadonite, and muscovite (sensu stricto) succession.

The analyzed white mica samples exhibit the following distinguished chemical contents,
including Ti: 0.013-0.149 a.p.fu, total Al: 4.744-5.724 a.p.f.u, Na: 0.049-0.149 a.p.fu, Si:
6.099—-6.378 a.p.f.u; the elements, Ca, Ba and Mn are present, but in negligible amounts. The
white micas are dominated by the muscovite end-member in the range 77-90 mol. % followed
by moderate celadonite (5-19 mol. %) and paragonite (3—9 mol. %) portions, and a negligible

share of margarite (up to 0.1 mol. %).

In plutonic rocks, the magmatic or non-magmatic provenance of muscovite is a problem.
Different criteria that distinguish between primary or magmatic, secondary or late- to post-
magmatic and hydrothermal generations of muscovite have been established (Miller et al., 1981;
Monier et al., 1984; Speer, 1984). Using these criteria together, the investigated muscovites have
compositional ambiguities, displaying primary, secondary and hydrothermal compositions
(Table 4.1). However, plotted in the Mg-Ti—Na (a.p.f.u) triangular diagram from Miller et al.
(1981) that discriminates between primary and secondary muscovites, the Bafoussam two-mica
granitoid muscovites fall within the primary muscovites field (Fig. 4.3A). Furthermore, in the
FeO*-Ti0,-MgO (wt. %) compositional triangle modified after Monier et al. (1984), the
analyzed muscovites occupy the magmatic muscovites field and follow the compositional trend
described by the leucogranite magmatic muscovites of the Millevaches Massif in France (Fig.

4.3B).
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Table 4.1: Comparison of the chemical compositions of the analyzed two-mica granitoid
muscovites of the Bafoussam area with data of primary, secondary and hydrothermal

muscovites compiled from Miller et al. (1981), Monier et al. (1984) and Speer (1984).

*Fe*" = total Fe (Fe*" + Fe'")
** Fe’™ values

Atoms (a.p.f.u) Bafoussam two-mica Primary muscovites Secondary Hydrothermal
granitoid muscovites muscovites muscovites
Ti 0.013-0.149 0.078 0.016 0.004 -0.010
YAl (A1 + 1A]) 4.744 —5.724 5.198 4.748 4.300 — 5.080
Na 0.049-0.165 0.198 - 1.974 0.050 — 1.998 0.000-0.010
Mg 0.101 -0.329 0.152 -4.118 0.338 —4.194 0.270 - 0.530
Si 6.099 — 6.378 6.210 6.410 6.500 — 7.000
Fe*'* 0.238 - 0.692 0.470 0.641 0.055—0.100**
Na/(Na +K) 0.030-0.090 0.060 - 0.120 0.010-10.070 <0.040
Ti Tio,
Mg Na FeO* MgO
7 N
A Ti Tio,
o 5 Seee
. ,~,‘>§”\“‘“ * Primary
\‘:39& 9‘ * ¢ muscovites
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Figure 4.3: Composition of two-mica granitoid muscovites of the Bafoussam area. (A) Primary
(magmatic) origin of the analyzed muscovites onto Mg—Ti—Na (a.p.f.u) triangular diagram
from Miller et al. (1981). (B) FeO*-TiO,—MgO (wt. %) ternary diagram modified after Monier
et al. (1984). The arrow illustrates the compositional evolution of the magmatic muscovites.
FeO%*: total iron oxides (FeO + Fe,03). Coloured parts in the insets (above) are the areas shown
in the main figures.

The magmatic origin is also consistent with the textural characteristics exhibited by the
investigated muscovites, as well-developed large tabular crystals locally with irregular
termination and often showing mica twinning. Miller et al. (1981) and Speer (1984) conclude

from their studies that primary magmatic muscovite contains higher Ti content than muscovite of
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secondary origin. Accordingly, because of the resistance of Ti to subsolidus reaction compared
to Mg, Fe, Na and K in muscovite, Zen (1988) has emphasized Ti enrichment in muscovite as an
indicator of magmatic origin. The ambiguities noticed in the analyzed muscovite compositions
(Table 4.1) may indicate the dependence of the plutonic muscovite chemistry also from the

individual environment in which the muscovite crystallized.

The studied muscovites have chemical compositions different to the ideal end-member
muscovite (KAI,AlISi130,0)[OH],), as defined by Miller et al. (1981). This deviation in
composition is explained by the variable extents of the celadonite and the paragonite
substitutions that took place during the crystallisation of the granitic rocks. These substitutions

can by quantitatively estimated.

The substitution toward celadonite is measured by the following parameters introduced
by Guidotti and Sassi (1976): s = (Si— 6) > 0, Fm = (Fe*" + Mg) > 0 and a = (6 — Al) > 0. Within
the investigated muscovites, s varies between 0.112 and 0.378 a.p.f.u, Fm between 0.381-1.020
a.p.f.u and a between 0.276 and 1.256 a.p.f.u. Plotted into the (Fe*” + Mg) versus Si — 6 (a.p.f.u)
diagram (Fig. 4.4A), the studied muscovites show a rapid increase in (Fe*" + Mg) ratios with Si —
6 being relatively constant, and fall above the muscovite—phengite solid solutions line, in
between the two end-members. They are then qualified as celadonitic muscovite, mildly
phengitic in nature. The classic celadonite substitutional mechanism is identified as the reverse
Tschermak exchange, (Fe*™ + Mg)!® — (WAl + ¥Al). Velde (1972) suggested that celadonitic

primary muscovite crystallizes at low temperature or high pressure conditions.

The paragonite substitution is also expressed in the Bafoussam muscovites as it is
demonstrated in the Na versus K (a.p.f.u) diagram (Fig. 4.4B). In this diagram, the analyzed
muscovite samples plot between 3 and 9 % of Na* = 100 Na/(Na + K) values which give the

extent of paragonite substitution.

Muscovite Ti contents are related to the crystallization temperature (Guidotti et al., 1977;
Monier and Robert, 1986) and apparently also to the presence/absence of the Ti- mineral
(ilmenite) in the two-mica granite (Puziewicz and Koepke, 1991). Based on experimental data,
the typical primary or magmatic muscovite crystallization has to be generally assumed to high-

temperature (650 °C-700 °C) and low-pressure (2—5 kbar) conditions that correspond to a depth
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of 7-18 km (Anderson and Rowley, 1981; Miller et al., 1981; Monier and Robert, 1986).
According to the thermodynamic considerations of Anderson and Rowley (1981), the magmatic
muscovites having celadonite component (thus the muscovite of the Bafoussam two-mica

granitoid) crystallize from tonalitic to granodioritic melt.
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Figure 4.4: Compositional variation within two-mica granitoid muscovites from the Bafoussam
area. (A) (Fe*™ + Mg) versus Si — 6 (a.p.f.u) diagram, illustrating the extent of the celadonitic
substitution. Fe*™: total Fe (Fe" + Fe’"), the filled circle is the phengite position whereas the
open square represents the ideal muscovite one. (B) Degree of paragonite substitution
expressed in the Na against K (a.p.f.u) diagram. Na* = 100 Na/(Na + K). The open square
shows the ideal muscovite composition.

4.2 Garnet

Garnet is the general name of a group of minerals, with standard formula: X*; ¥**, Si;
Oz, mainly with X = Ca, Fe, Mn, or Mg and Y = Al, Cr, or Fe. The common garnet end-
members are pyrope (Mg3;Al,Si30;;), almandine (Fe2+3AIZSi3012), spessartine (Mn3Al,Si;0,,),
grossular (CazAl,Si30,), andradite (CasF ¢8I0, ») and uvarovite (Ca;Cr,Si301»).

Like muscovite, garnet is not omnipresent in the Bafoussam granitoids. It was identified
in the two-mica granitoid in sample TA-9, where it occurs as typical euhedral grains that
measure less than 0.5 mm in diameter. Garnet crystals are free of inclusions. Representative
chemical analyses are compiled in Table A.3.3 in the Appendix A.2, where they have been

calculated on the basis of twenty-four oxygens. Molecular proportions of their end-member
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components are given in the following sequence: uvarovite, andradite, grossular, almandine,
spessartine and pyrope. Calculation of Fe®" was carried out assuming an ideal occupancy of the

mineral formula.

The mineralogical composition of the investigated garnets displays only moderate
variation as shown in Figure 4.5. The garnet solid solutions may be regarded as members of the
almandine—spessartine series which have nearly equal proportions of almandine and spessartine,
respectively, 44.1 to 54.5 mol. % and 43.4 to 55.5 mol. %. The total of the remaining
components is less than 3 mol. % with pyrope (0.2-0.7 mol. %), andradite (0.3—1.8 mol. %),
uvarovite (up to 0.2 mol. %) and grossular (up to 1.2 mol. %). The almandine—spessartine
composition of the analyzed garnets is expressed in the Mg—Mn—Fe”" (a.p.f.u) triangular diagram
of garnet (Fig. 4.5). The garnets are compositionally similar to igneous garnets reported from
highly peraluminous granites elsewhere (e.g., Clarke, 1981; Miller and Stoddard, 1981; Du Bray,
1988; Nalini et al., 2000; Jung et al., 2001); some garnets with significant proportion of the
grossular component have been likewise recognized to be also igneous in composition

(Anderson and Rowley, 1981).

The garnets of the two-mica granitoid from Bafoussam area with their almandine—
spessartine composition are then considered to be purely igneous phases. The euhedral grain
shapes of garnet crystals and the paucity of inclusions coupled with the high Mn and Fe*"
contents (2.609-3.317 a.p.fu and 2.646-3.277 a.p.fu, respectively) and low Mg contents
(0.012-0.038 a.p.f.u) support this interpretation. This also suggests equilibrium with melt during
crystallization (Zen, 1988). Moreover, Clemens and Wall (1981) have demonstrated by
experimental investigations of phase relation in the peraluminous system that garnet is a

common product of the crystallization of peraluminous melts.

Exceptionally, some studied garnet crystals appear to be weakly zoned. There is a
tendency for almandine and pyrope components to increase and the spessartine component to
decrease from core to rim (Fe*", core: 2.646-2.919 a.p.f.u — rim: 3.069-3.180 a.p.f.u; Mg, core:
0.012-0.013 a.pfu — rim: 0.023-0.031 a.p.f.u; Mn, core: 3.02-3.317 — rim: 2.697— 2.878

a.p.f.u, respectively). The zonation with decrease in Mn from core to rim is a salient feature in
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igneous garnets and has been noted for garnet from other two-mica granitoid rocks (Anderson

and Rowley, 1981; Jung et al., 2001).

2+

Mg Mole % Almandine Fe

Figure 4.5: Almandine—spessartine composition of two-mica granitoid garnets of the Bafoussam
area projected onto the Mg-Mn—Fe”" (a.p.f.u) triangular diagram.

Several mechanisms for the formation of plutonic garnets have been suggested (see
review by Miller and Stoddard, 1981). Garnets in granitic rocks are considered to be a late-stage
liquidus mineral that crystallized in differentiated magmas in response to the increase of the Mn

content. The corresponding reaction is:
Biotite + (Mn, Al)-rich liquid — garnet + muscovite 4.1)

The enrichment of Mn in garnets of strongly peraluminous magma has been explained by
Miller and Stoddard (1981) with the absence of ferromagnesian minerals such as hornblende,
which has higher affinity for Mn than biotite. Moreover, du Bray (1988) argued that the presence
of excess alumina in the magma is an additional requirement for the garnet occurrence in granitic
rocks. Since the core-rim decrease in Mn is observed in the studied garnets, a depletion
crystallization model is suggested for their origin, i.e. initial crystallization of garnet induces

early decrease of Mn in the parent magma.

In an experimental study carried out at high pressure, Green (1977) has underlined the
importance of the role played by the MnO in the genesis of garnets of magmatic origin. Mn

increases the field of garnet stability and allows its crystallization at very low pressures.
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According to Green’'s experimental data, garnets with > 10 mol. % of spessartine (thus the
garnets of the Bafoussam two-mica granitoid) can crystallize in liquids of granitic composition at

minimum pressure of 5 kbar, which corresponds to a depth of 18 km.

4.3 Amphibole

Ideally, the amphibole structure has a general formula unit of 4y B, Cs Ts Oz (OH),
(Leake et al., 1997: 2004). The recommended allotment of ions to crystallographic sites is as
follows:

(1) Sum 7 to 8.00 a.p.f.u using Si, then Al, then Ti.

(2) Sum C to 5.00 a.p.f.u using any excess Al and Ti from (1) and then successively Fe’™,
V, Cr, Mn3+, Zr, Mg, Zn, N1, Co, Fez+, Mn2+, and Li.

(3) Sum B to 2.00 a.p.f.u using first any excess above 5.00 a.p.f.u from C, in the reverse
order of (2), starting with Li and then Mn*", etc., and then following with Ca, Ba and Na.

(4) Any excess above 2.00 a.p.f.u in B is assigned to 4 in the reverse order of (3), starting
with Na, and finally all the K is allocated to 4. Total 4 should be 0 to 1.00.

Within the investigated granitoids, amphibole crystallized, like biotite, during and early
stage of the magma evolution (Fig. 3.13). Although amphibole is not omnipresent in the
Bafoussam granitoids, it has been observed in the biotite granitoid and the deformed biotite
granitoid. Amphibole has subhedral forms with a grain size ranging between 1 and 2 mm in
length and frequently associated with biotite and titanite. It is green to green-brown coloured,
locally displays a compositional zoning (brown-green cores to pale green rims) and the
characteristic double cleavages and h; {100} twinning. Zircon, apatite and opaques are frequently
found as inclusion in amphibole. The chemical analyses are recorded in Table A.2.4 in the
Appendix A.2. The structural formula of amphibole was calculated on twenty-three oxygens
anhydrous basis. Because the electron microprobe cannot distinguish between Fe*" and Fe’”, the
amounts of these cations were calculated by the midpoint method, when the mean value for Fe®™
between the minimum and the maximum possible Fe’" value to reach a satisfying formula

occupancy is taken.
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The amphibole compositions of the biotite granitoid and the deformed biotite granitoid of
the Bafoussam area are, in general, characterised by high Ca (1.836-1.946 a.p.f.u and 1.758—
1.923 a.p.f.u), Mg (1.993-2.302 a.p.f.u and 2.005-3.121 a.p.f.u) and Al (1.354-1.785 a.p.f.u and
1.275-1.790 a.p.f.u). They are calcic amphiboles, commonly referred to as hornblende
(Hawthorne, 1983). This group is characterized by an occupancy of the B position with
Bl(Mg+Fe* +Mn?* +Li) < 0.50, '*/(Ca+Na) > 1.00 and 0.50 < ®/Na < 1.50 (Leake et al., 2004).

In the International Mineralogical Association (I.M.A) approved classification and
nomenclature (Leake et al., 1997), the composition of the studied amphiboles varies between
magnesio-hastingsite to edenite, with high Mg/( Mg + Fe*") ratios ranging from 0.50—0.62 and Si
contents of 6.457-6.868 a.p.f.u (Fig. 4.6). Generally, the amphiboles are not zoned. However,
zonation occurs in some crystals of the deformed biotite granitoid and displays two
characteristics (Fig. 4.7): (1) variation of the Mg-number, increasing as well as decreasing from
the core to the rim; and (2) increase of the Si content and decrease of the “J(Na + K) towards the

rim that indicate the formation of magnesio-hornblende.

Ca-amphibole
Ca,>1.50; (Na+K),>0.50; Ti<0.50

0.65
Edenite Magnesio-hastingsite
0 Al"<Fe®
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o 0.55 m O o O Deformed biotite granitoid
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7.0 6.5 6.0
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Figure 4.6: Classification diagram of calcic amphiboles using the variation of Mg/(Mg + Fe*")
with Si (a.p.f.u) following the terminology of amphiboles after Leake et al. (1997).
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Figure 4.7: Classification diagram of calcic amphiboles using the variation of Mg/(Mg + Fe*")
with Si (a.p.f.u) according to the classification of Leake et al. (1997). The diagram combines
the two groups of calcic amphiboles with the parameters (Na + K), > 0.50; Ti < 0.50 and (Na
+K)a < 0.50; Cap < 0.50. The two groups are separated by broken line. Arrows join zoned
crystals and point towards the rim.

The investigated amphiboles do not exceed Si values of 7.500 (a.p.f.u) that represents the
limit given by Leake (1971) for the true igneous amphiboles silica contents. Furthermore, the
magmatic origin of the amphiboles of the Bafoussam granitoids is indicated on the (Ca + Na +
K) — Si (a.p.f.u) (Fig. 4.8A) and the /Al — YAl (a.p.f.u) plots (Fig. 4.8B), where they fall inside
the field of igneous amphibole crystallization defined by Leake (1971).

The relationship between tetrahedral Al (A1) and total Al (3 Al) in the amphiboles of
the Bafoussam granitoids is also portrayed in Figure 4.8B, where an excellent positive trend is
observed as also reported by Hammarstrom and Zen (1986) in their mineralogic study of
hornblendes from calc-alkaline plutons. This positive trend reveals the great variation of the Al
contents of the amphiboles of the biotite granitoid and the deformed biotite granitoid. The two
amphibole populations define a linear correlation just under the 1:1 slope in the same plot,
demonstrating that there is a slight excess of total Al over YAl which represents more than 90 %
of the total aluminium. The "AI/AI') ratios range between 4.66 and 15.15 and are consistent

with the igneous origin of the investigated amphiboles (Fleet and Barnett, 1978).
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Figure 4.8: Discrimination diagrams for amphiboles after Leake (1971) portraying a magmatic
origin of amphiboles of the Bafoussam granitoids. (A) Plot of (Ca + Na + K) versus Si
(a.p.f.u). (B) Relationship between !Al and YAl (a.p.f.u) in the analyzed amphiboles. YAl =
total Al (A1 + [UAD).

The variations in hornblende compositions observed in the classification diagram (Fig.
4.6) are principally governed by the substitution schemes acting during its evolution. Two types
of substitution mechanisms, simple isovalent and coupled heterovalent, control the variations in

the chemistry of amphibole (Czamanske and Wones, 1973; Hawthorne, 1983; Vyhnal et al.,
1991).

(1) The simple isovalent substitution concerns single cations with the same valence
states such as Fe*" — Mg*", WK  "INa, Mn*" < Mg”" and (YAl & Fe’"; the most common of
these exchanges in igneous hornblendes being Fe** < Mg*" and YK « *INa (Gilbert et al.,
1982). An example of simple substitution is shown in Figure 4.9, plotting Fe** against Mg. The
fair linear and negative correlation between Fe*" and Mg indicates that this simple substitution is
operative in the Bafoussam granitoid hornblende samples. This trend is typical of the calcic

amphiboles.
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Figure 4.9: Simple substitution of Fe** for Mg in the Bafoussam granitoid hornblendes.

(2) The coupled heterovalent substitution involves cations with different valences to

conserve charge balance. For these exchange reactions, tremolite, 0Ca,MgsSigO2(OH),,

is

commonly assumed to be the idealized starting end-member. The principal heterovalent

substitutions that result in other end-members (whose names are used to designate a given cation

exchange scheme) are listed in Table 4.2.

Table 4.2: Main types of heterovalent substitutions in amphiboles on the basis of the idealized
tremolite formula 0Ca,MgsSigO2(OH), (Czamanske and Wones, 1973; Vyhnal et al., 1991).

[

Ao indicates vacancy in the site A.

Substitution mechanism

End member

Mg + 18 = WINa + HAl

2181 + 21IMg = 2MIA] + 2091A]

21481 + 21IMg = 2MIA] + 210Fe*

2M8i + Mg = 2MAL + T

Mg + Mica = MINa + MINa

Edenite

Al-Tschermakite
Fe-Tschermakite
Ti-Tschermatike

Richterite

2Mica + 21Mg = 2MINa + 2[IFe™
2Mica + 219Mg = 2M¥Na + 2[°1A1
Mg + Mg + 2181 = MINa + 2MAL + (AL

g+ EIMg +2M98) = Na + 21AT + FFe?

Riebeckite
Glaucophane
Hastingsite

Pargasite

NaCa,Mg;Si;AlO,,(OH),
0Cay(Mg3Al,)SisAlLO,(OH),
oCay(MgsFe,” )SigAl,02,(OH),
0Ca,y(Mg,Ti)SisAl,0,,(OH),
Na(CaNa)MgsSig0,,(OH),
ONay(Fes” Fe,”)SigAl,0,,(OH),
ONa,y(Mg;Al,)Si30,,(0H),
NaCa,(Fes* Fe’")SisALO,,(OH),
NaCa,(Mg;Al)SigAl,02,(OH),
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The linear correlations observed between Si and Al + J(Na + K) (Fig. 10A), and Si +
(Fe, Mg)*" and WAl + Al (Fig. 10B) demonstrate that edenitic and tschermakitic substitution
mechanisms are active in the Bafoussam granitoid hornblendes. In a plot of "(Na + K) versus
A1 (Fig. 10C), the compositions of the analyzed hornblende define a trend parallel to a line
joining the pargasitic and the edenitic substitutions. This trend substantiates the combined and
the compensatory operation of both edenitic and tschermakitic substitution schemes. In diagrams
Fe*'versus YAl Al versus Al and Ti versus YAl (Fig. 10D, E, F), the hornblende
compositions did not show any clear correlations, revealing the simultaneous expressions of all

tschermakitic substitution types.

The lack of correlation observed between ““(Na + K) versus ™M*Na (Fig. 4.11A), Fe’*
versus ™M*Na (Fig. 4.11B) and Ti versus (YAl (Fig. 4.11D) indicates that the richterite, riebeckite
and glaucophane types of substitutions, respectively, are not operative in the Bafoussam
granitoids hornblendes. This emphasizes that the edenitic and tschermakitic substitution types
dominate over the other types of substitution during the evolution of the analyzed hornblendes,
as it is confirmed in Figure 4.11D after Robinson et al. (1971). The Figure 4.11D shows a good
linear correlation along the line 1:1 between “/(Na + K) + 2Ti + Fe’ + /Al and YAl Following
Vyhnal et al. (1991), the deviation of the trend from the slope of 1:1 (Fig. 4.11D) and the cluster
of the analyzed amphiboles above the tremolite-Ti-glaucophane substitution line within the ['Ti
versus M*Na diagram (Fig. 4.11E) suggest that the tschermakitic substitution may be coupled

with glaucophane type substitution of the form ™M*Ca + ™MIA] = M¥INg + MUy,

The edenitic, tschermakitic, pargasitic and hastingsitic mechanism substitution types
observed in hornblendes of the granitoids described in this study have been recognized to be
typical in calcic amphiboles from calc-alkaline granitoids plutons (Fabri¢s et al., 1984; Vyhnal et
al., 1991). Because these amphiboles contain more than 1.5 Ca (a.p.f.u), the glaucophanic,
riebeckitic and richteritic exchange schemes (substitution of Ca for Na in [M4]) are of little
importance or completely absent. From several experimental studies, Fabries et al. (1984) have
deduced that the substitutions active in igneous hornblendes are determined by variations in the
crystallization parameters (temperature, pressure, oxygen and water fugacity) during

crystallization processes.
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Figure 4.10: Plots illustrating edenitic and tschermakitic substitution mechanisms in
hornblendes of the Bafoussam granitoids: (A) Si versus (YAl + YJ(Na +K) (a.p.fu), (B) Si +
(Fe, Mg)2+ versus WAL + IA] (a.p.fu), (C) [Al(Na +K) versus Al (a.p.fu), (D) Fe®" versus
AL (a.p.fu), (B) Al versus Al (a.p.fu), and (F) Ti versus /Al. End-member amphibole
compositions are: edenite (Ed), hastingsite (Has?), Pargasite (Parg), Tremolite (77), aluminum
tschermakite (Al-Tsch), iron tschermakite (Fe-7Tsch), and titanium Tschermakite (Ti-Tsch).
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Figure 4.11: Variation diagrams, showing the substitution mechanisms in hornblendes of the
Bafoussam granitoids. (A) “(Na +K) versus ™M*Na (a.p.fu), (B) Fe’" versus ™M*“Na (a.p.f.u),
(C) Al versus ™M Na (a.p.fu), (D) [A] + 2Ti + Fe*" + Al versus Al (a.p.f.u), and (E) °'Ti
versus M*Na (a.p.f.u). End-member amphibole compositions are: edenite (Ed), glaucophane
(GI), hastingsite (Hast), Pargasite (Parg), richterite (Rich), riebeckite (Rie), Tremolite (77);
Tsch refers to all tschermakite-type substitutions.
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4.4. Feldspars: potassium feldspar and plagioclase feldspar

The feldspar minerals are aluminum silicates whose crystalline structure is composed of
an infinite network of Si04 and AlO, tetrahedral (Ribbe, 1975). The standard chemical formula
of feldspars can be written as MT740s, where T represents Al and Si, and M is monovalent Na

and/or K for AlSi1305 and divalent Ca or Ba for Al,S1,0s.

The feldspar minerals are the most abundant components in all of the Bafoussam
granitoids. They are represented by potassium feldspar, microcline and orthoclase, with
development of perthite in both category, and plagioclase feldspar. Both feldspar group crystals
are frequently euhedral laths and subhedral grains and commonly occur individually in a matrix,
but also in compact groupings. All feldspar typical twins are somewhat common. Representative
analyses of alkali feldspar and plagioclase feldspar, and their calculated formulas based on eight

oxygens, are presented in Tables A.2.5a: b, respectively in the Appendix A.2.

4.4.1 Potassium feldspar

The potassium feldspar from all the Bafoussam granitoids has remarkably constant
chemical composition, despite the great difference in size from one granitoid group to another
and within each granitoid group. Phenocrysts and matrix potassium feldspar roughly have similar
compositions. The analyzed potassium feldspars have generally a restricted range of composition
between Org;AbgAng and Org;AbszAng in the biotite granitoid (Fig. 4.6A), Org;AbgAny and
OrgsAbsAng in the deformed biotite granitoid (Fig. 4.6B), Org;AbsAny and OrgsAbsAng in the
mega feldspar granitoid (Fig. 4.6C) and finally, Org;Abj9Any and OrgsAbsAng in the two-mica
granitoid (Fig. 4.6B). The investigated potassium feldspar falls solely within the orthoclase field,

reflecting low temperature stabilities, according to King (1989).

In the granitoids under study, potassium feldspars are generally weakly zoned. However,
pronounced zonation is noticed in some K-feldspars, with cores richer in potassium relative to
the rims (Org3AbsAng and OrgsAb;sAny, respectively) in the two-mica granitoid. The opposite is
the case in the mega feldspar granitoid: the rims are richer in potassium relative to the cores

(Orgs_92Abs gAngy and Orgg 76Ab1o24Ang, respectively). According to Parsons and Boyd (1971),
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the increase of magma fractionation results in an increasing degree of ordering in potassium
feldspar, so that microcline predominates over orthoclase with progressive fractionation. This is
corroborated in the investigated granitoids, where orthoclase predominates over microcline in the
intermediate phases, while it becomes subordinate in amount relative to microcline in the more

involved granitoids.
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Figure 4.6: Nomenclature and composition of the feldspars (Alkali feldspar and plagioclase
feldspar) of the Bafoussam granitoids onto the albite (Ab)—orthoclase (Or)—anorthite (An)
triangular diagram.
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4.4.2 Plagioclase feldspar

The studied plagioclases are essentially sodium-rich, characterized by low to moderate
anorthite contents. In the biotite granitoid, plagioclases are more calcic and range from
oligoclase to andesine with compositions between Abg;An;;Or; and AbesAnssOry, respectively
(Fig. 4.6A). Plagioclase compositions of the deformed biotite granitoid (Fig. 4.6B) and of the
mega feldspar granitoid (Fig. 4.6C) are mainly oligoclase with AbgpAngOr;—Ab7;AnysOr; and
AbgsAn4Or;—Ab7,AnysOry, respectively. In the two-mica granitoid (Fig. 4.6D), plagioclases are

classified as albite and oligoclase with compositions ranging from AbgsAn;Or; to Ab77An,,0r;.

Two types of plagioclase zoning have been observed within the Bafoussam granitoids:

(1) Reverse zoning with the increase of An-content from the core towards the rim
as in the deformed biotite granitoid (core: AbgyAnygOr; — rim: Abg,An;;Or;), the mega feldspar
granitoid (core: AbgsAnsOr; — rim: AbgyAn;70r) and the two-mica granitoid (core: Abgg 94An;-
5Or; — rim: Abg7_gsAnj, 1401)) samples.

(2) Normal zoning with increasing Ab content from the core towards the rim as in

the biotite granitoid samples (core: AbgsAnssOr; — rim: Ab79AnyOry).

4.5 Iron-titanium oxides: magnetite and ilmenite

Opaque oxides are omnipresent in all Bafoussam granitoid rocks, but only as accessory
constituents. They are magnetite and ilmenite. The both minerals mostly occur as small grains in
inclusions within the main mineral phases. However, some magnetite and ilmenite samples with
the size comparable to other minerals appear isolated in the matrix. Moreover, some hematite
crystals in the matrix are rimmed by titanite. The magnetite and ilmenite formula was calculated
based on four and six oxygens, respectively. A calculation method on the basis of three and four
cations, respectively, was chosen to determinate the Fe’” contents of magnetite and ilmenite. The

selected analyses of magnetite and ilmenite are given in Tables A.2.6a: b in the Appendix A.2.

In spite of their different textural positions, the analyzed magnetite shows homogeneous

chemical composition. The magnetite composition of the Bafoussam granitoids is characterized
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by negligible amounts of TiO; (0.00-0.17 wt. %), Al,O3 (0.00-0.06 wt. %) and MnO (0.00-0.17

wt. %), and compares to the ideal magnetite end-member composition.

The Bafoussam granitoid ilmenite samples display only a small compositional variation
and can be taken as a pure ilmenite. They have Fe,O; content ranging between 0.03—0.22 wt. %

and accessory amounts of MgO (0.00-0.17 wt. %) and MnO (0.00-0.17 wt. %).

4.6 Mineral chemistry of igneous phases

In conclusion, microprobe data of the analyzed minerals display in general minor or no
variation in mineral composition between the granitoid types:

- Biotite is Fe-rich (Xge: 0.41-0.82) and has a composition of biotite (sensus stricto). The
Fe*'/(Fe’" +Mg) ratios increase with increasing Y Al values. This trend is typical for continental
collision-related granites and indicates an important contribution of crustal material during the
petrogenesis of the investigated granitoids. Biotite is generally of re-equilibrated primary
composition, likely caused by the deformation that variably affected their host rocks. Its
chemical composition is typical calc-alkaline and characterizes the granitoids described in this
study as being calc-alkaline and peraluminous granitoids.

- Muscovite (Xge: 0.52-0.82) is primary in composition and has experienced celadonite
substitution and up to 9 % paragonite substitution. The celadonitic composition of primary
muscovite suggests the crystallization of the studied granitoid from tonalitic to granodioritic
melt.

- Garnet is a purely igneous phase, having almandine—spessartine composition (Xg.: 0.99
and Xy, 0.46-0.56). Some garnet crystals exhibit core-rim decrease in Mn that points to the
depletion crystallization model, i.e. initial crystallization of garnet causes early decrease of Mn
in the original melt.

- Amphibole belongs to the calcic-group and is thus termed hornblende. It has magnesio-
hastingsite and edenite compositions (Xmg: 0.50-0.62) and typical igneous amphibole
characteristics. The edenitic and tschermakitic substitutions have mainly played an important
role during the evolution of hornblende in the investigated granitoids.

- Feldspars are represented by exclusively orthoclase (microcline and orthoclase:
Org1 Abj9Any—Org;AbsAng) for potassium feldspar, while plagioclase is mostly oligoclase, with
less albite and andesine (AbgsAn;Or;—Ab7;AnygOr). Zonation is common within the feldspars,

the plagioclase shows weakly reverse zonation, but zoning in normal way is also observed.
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- The iron-titanium oxides, magnetite and ilmenite have, respectively, nearly pure end-

member composition.
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5 ESTIMATES OF CRYSTALLIZATION CONDITIONS

It has been demonstrated that mineral chemistry and mineral assemblages are recorders of
variations of physical conditions (P, 7, X, fluids) in the crust. An attempt to quantify these
physical conditions has been made, using several calibrations for each. Nevertheless, the mega
feldspar granitoid and some samples of the biotite granitoid and the deformed granitoid have no
suitable mineral assemblage to obtain quantitative pressure estimations. Textural information
such as fine to coarse grain-size and local plastic and/or brittle deformation, however, indicate

emplacement of these granitoids at a medium level of the continental crust (< 10 kbar).

5.1 Temperature estimates

5.1.1 Zircon and apatite saturation thermometry

The approach of estimating magmatic temperatures through zircon and apatite saturation
has been proposed by Watson and Harrison (1983) and Harrison and Watson (1984). These
thermometers were calculated using P,Os and Zr concentrations in the granitoids and have a
reported uncertainty of ~ + 25°C. The basic assumptions for these thermometer models are as
follows (Watson and Copobianco, 1981; Watson and Harrison, 1984):

- Neither zircon nor apatite crystals are pre-magmatic, entrained from wall-rock through
late-stage contamination, or inherited, derived at a deeper level from a contributing source
material.

- The granitoid whole-rock data approach the composition of the melt from which zircon
and apatite were derived. This implies that there is no provision of zircon and apatite in the

original melt through cumulate, restite and country rock assimilation.

These models allow the estimation of liquidus conditions, where one or both phases are
early in the crystallisation sequence, or solidus conditions, where one or both phases are late.
The resulted temperature may be indicative: (1) either of the temperature at which the zircon or
apatite last equilibrated with the melt, this can be the temperature of extraction of the granitic

magma from the source in the case that no fractional crystallization occurred between the source
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region and the emplacement level (Miller et al., 1988); (2) or in the case of fractional

crystallisation, the temperature of differentiation from parental magma (Scaillet et al., 1990).

- Zircon saturation temperatures

Hanchar and Watson (2003) reviewed the zircon saturation thermometry studies and
summarized the main applications of the zircon saturation thermometry to igneous rocks and
metamorphic rocks. The temperature from the zircon saturation model (77) was calculated
according to the equation in Watson and Harrison (1983), representing the relationship between

zircon solubility, temperature and major element composition of the melt:

In Dzrzircon/melt — {—38 N [085(M_ 1)]}+12900/TZr (51)

where:

D AmovVmelt — concentration ratio of Zr (ppm) in zircon to that in the saturated

melt, i.e. bulk-rock concentration of Zr in rock sample; all Zr is
assumed to be in zircon

M = compositional factor that accounts for the dependence of zircon
solubility on SiO, and peraluminosity of the melt [(Na + K +
2Ca)/(Al x Si), all in cation fraction]

Tz, = temperature in Kelvin (however, T, referred to this study has been
converted to °C)

The results of temperatures from the zircon saturated model (77) are presented in Table
5.1 and are presented graphically on the Zr (ppm) versus the cation ratio (Na + K + 2Ca)/(Al x
Si) plot of the granitoid whole-rock compositions (Fig. 5.1A: Watson and Harrison, 1983). The
Figure 5.1A illustrates the proportions of Zr that can be dissolved in granitoid melts of various
compositions at different temperatures. The studied granitoids display high Zr concentrations
(43-524 ppm), arguing for relative high temperatures of emplacement. The calculated zircon
saturation temperatures range between 757-858 °C (average n = 22: 808 + 34 °C, lo) for the
biotite granitoid, 679-866 °C (average n = 22: 797 + 48 °C, lo) for the deformed biotite
granitoid, 788—837 °C (average n = 11: 815 £ 17 °C, 1o) for the mega feldspar granitoid and
700-824 °C (average n = 8: 772 + 41 °C, 1o) for the two-mica granitoid.

The high zirconium concentration in the studied granitoids (43—-524 ppm, with just two
values below 110 ppm) implies that they contain non-xenocrystic zircon. This is also reflected by

the temperatures obtained above having mean average range of 772 + 41 to 815 = 17 °C which is
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close to 837 + 48 °C, as reported for the genesis of granitoids with no or negligible inherited
zircon (Miller et al., 2003). Since the investigated granitoids did not show any excess of alkalis
over alumina [(Na,O + K;0)/Al,03 < 1.0: Fig. 7.5] and have roughly Zr > 100 ppm, the melts
involved in the production of these rocks were saturated in zircon (Watson, 1979), despite of
their slight felsic nature with 57-75 wt. % SiO,. This is corroborated by the decreasing trend
observed in the Zr versus Si0; diagram (see Fig. 7.10) that points to zircon saturation at 62 wt. %
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Figure 5.1: Temperature estimates in degree Celsius (°C) of the Bafoussam granitoids based on
proportions of P,Os and Zr (wt. %) that can be dissolved in granitoids melts of various
compositions at different temperatures. (A) Zircon saturation temperature estimates (Watson
and Harrison, 1983). (B) Apatite saturation estimates (Green and Watson, 1982). Zircon and
apatite saturation isotherms are indicated, labelled with their respective temperatures.

- Apatite saturation temperatures
From their experimental study, Harrison and Watson (1984) established the following
expression for the relation between apatite solubility, temperature and melt major element

composition:

InDpPtemelt = (8400 + ((Si0, — 0.5)2.64 x 10™))/Tp] - [3.1 + (12.4(Si0; — 0.5))] (5.2)

where:
DpPitemelt — - ratio of the P,Os concentration (wt. %) in apatite to that in the
saturated melt, i.e. bulk-rock concentration of P,Os in rock sample;

all P,Os is assumed to be in apatite
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Si0, = weight fraction of silica in the melt
Tp = temperature in Kelvin (Hereafter, 7, have been converted to ° C)

The calculated apatite saturated temperatures (7p) are given in Table 5.1 and by the plot
of P,Os versus Si0, (wt. %) according to Green and Watson (1982) (Fig. 5.1B). The Figure 5.5B
shows the concentration of P,Os in the granitoids under study which are compared to the
proportions of P,Os that can be dissolved in granitoid melts of various compositions at different
temperatures. The concentrations of P,Os vary widely within the investigated granitoids (up to
0.90 wt. %), suggesting a wide temperatures range of formation. The obtained apatite saturated
temperatures are significantly higher than those estimated using the zircon saturation method
(T7z), having mean values of 792-1077 °C (average n = 22: 920 + 71 °C, 1o) for the biotite
granitoid, 822—-1055 °C (average n = 22: 915 £ 52 °C, lo) for the deformed biotite granitoid,
746-966 °C (average n = 11: 914 + 60 °C, 1o) for the mega feldspar granitoid and 838952 °C

(average n = 8: 896 £+ 39 °C, 10) for the two-mica granitoid.

From petrographic analysis (see Chapter 3) of the investigated granitoids, no signs of the
resorption of apatite or compositional zoning have been observed. This supports the idea of a
magmatic origin of the apatite. On the other hand, the pattern of P,Os (Fig. 5.1B) exhibits a
saturation apatite trend (decreasing of P,Os with increasing Si0;) and indicates that the magmas
of the granitoids under study were saturated in apatite at around 58 wt. % SiO», i.e. at lower SiO,

values compared to the occurrence of the zircon saturation.

Zircon and apatite within the Bafoussam granitoids appear as euhedral crystals,
commonly as inclusions in the major rock-forming phases such as biotite, feldspars and
hornblende. Therefore, zircon and apatite might result from an early stage of crystallization
(Hoskin et al., 2000) and thus represent a stage at or near the liquidus of the magma. The
significant difference in the calculated saturation temperatures between the two thermometer
models by ca. 40-160 °C (Figure 5.2 and Table 5.1) could be attributed to the saturation of the
investigated granitoids with respect to apatite and zircon at distinct stages of crystallization, the
apatite being the earliest crystallizing phase. Moreover, such a discrepancy could also be
justified by a small excess component of apatite in the granitoids under study (Evans and

Hanson, 1993). It can then be concluded from these data that several phases occurring in a single
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sample did not necessarily crystallize simultaneously and the mineral composition may register

intervals of equilibrium crystallization.
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Figure 5.2: Comparison between apatite saturation (7p) and zircon saturation (77;) temperatures
of the Bafoussam granitoid, showing the significant excess of the calculated T}, over 7.

Pichavant et al. (1992) demonstrated that the apatite saturation is also controlled by the
aluminum saturation index [ASI = molar Al,03/(Na,0O +K,O + CaO)], in addition to SiO,
content of the melt and temperature as suggested by Harrison and Watson (1984). The saturation
model of Harrison and Watson (1984) may be then unsuitable for the studied granitoids, since
they have increasing ASI and become strongly peraluminous in the two-mica granitoid (Fig.
7.9). Moreover, the presence of monazite in the granitoids indicates that all the P,Os is not fixed
by apatite as assuming by Harrison and Watson (1984). Hence, the magmatic temperatures are

probably overestimated by the apatite thermometer.

5.1.2 Hornblende—plagioclase thermometry

Within the granitoids discussed in this study, only certain samples of the biotite granitoid

and the deformed biotite granitoid contain the mineral pair hornblende and plagioclase, which
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can be used to constrain their solidus temperature using hornblende—plagioclase thermometry.
Several hornblende—plagioclase thermometers are currently available, but the model of Holland
and Blundy (1994) appears to be the most accepted (Ague and Brandon, 1996). The temperature
of crystallization of these granitoids was then calculated using the edenite—tremolite equilibrium
expression of the hornblende—plagioclase thermometer as advised by Holland and Blundy (1994)
for quartz-bearing assemblages or silica-saturated rocks. This calibration has a reported
uncertainty of £ 75 °C. The temperatures have been calculated from the chemical analyses of the
coexisting amphibole and plagioclase determined by the electron microprobe (Tables A.2.4 and
A.2.5b, Appendix A.2) with help of the HbPI 1.2 computer program (supported by Tim Holland
and Jon Blundy).

Table 5.1: Estimated crystallization temperatures (°C) of the Bafoussam granitoids after Watson
and Harrison (7z: 1983), Harrison and Watson (7p: 1984) and Holland and Blundy (Hbl-
PI thermometry: 1994).
* Samples containing hornblende minerals
Values in brackets are calculated average values with uncertainties (10)
n represents the number of values
o is the standard deviation

Temperature Biotite granitoid Deformed biotite Mega feldspar Two-mica granitoid

calibrations (n=14;8*%)  granitoid (n =9; 13%*) granitoid (n = 11) (n=238)
761 — 854 698 — 834

(808 + 34) (796 + 42) 790 — 837 700 — 824

Tz (°C) 757 — 858* 740 — 866* 815+ 17) (772 £ 41)
(808 = 36)* (798 £ 54)*
792 — 980 857 —944

(886 = 60) (910 +29) 746 — 966 838 -952

Tp (°C) 937 - 1077* 822 — 1055* (914 + 60) (896 + 39)
(981 £ 45)* (919 £ 65)*
HbI-P1 thermometry 739 —790* 699 — 788*

(°C) (764 £ 14)* (733 £ 30)* - -
n=17 n=28

Hornblende and plagioclase from the biotite granitoid crystallized at temperature of 739—
790 °C (average n = 17: 764 + 14 °C, 10); the deformed biotite granitoid yielded slightly lower
temperatures, ranging from 699 to 788 °C (average n = 28: 733 + 30 °C, 1o). They are consistent

with the experimental data on the liquidus for igneous hornblendes (< 950 °C; Gilbert et al.,
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1982). These temperatures were estimated for a reasonable pressure of 5 kbar. The average
temperatures obtained by hornblende—plagioclase geothermometry are slightly lower than those
given by zircon saturation, 808 + 36 °C and 798 £ 54 °C, respectively, for the biotite granitoid
and the deformed biotite granitoid (Table 5.1). This points to the crystallization of hornblende
immediately after that of zircon, as suggested by sequence of crystallization in the granitoids

(Fig. 3.13A and B).

To conclude, the average temperatures for the various granitoid types given by the
different thermometers are overlapped within their uncertainties, strongly suggesting that they do
not differ significantly between the four granitoids types. The temperatures estimated using
zircon saturation and hornblende—plagioclase calibrations seem to be more likely close to the
temperatures of melts that have generated the investigated granitoids. Nzolang (2005) reported
similar 77 temperatures in the neighbouring Bantoum biotite-granites (810-870 °C) and
leucogranites (715-745 °C). Moreover, the temperature ranges obtained are close to those
inferred for the genesis of other calc-alkaline granitoid rocks with an I- or S-type origin (650—
850 °C: Whitney, 1988; 720-820 °C: Jung et al, 2001; 797-880 °C: El Baghdadi et al., 2003). In
their study of the I-type granites of the Lachlan fold belt, Chappell et al. (2000) distinguished
high- and low-temperature I-type granites based on the patterns of Zr variation and the Al-
oversaturation. The high-temperature I-type granites are metaluminous and show two step Zr
variations, an increasing followed by decreasing with increasing SiO,, while the low-temperature
granites are peraluminous and are characterized by a decrease of Zr with increasing SiO,. The
granitoids under study can be compared to their low-temperature I-type granites. Although they
exhibit metaluminous and peraluminous character, their Zr abundances decrease with increasing

Si0, (Figs. 7.9 and 7.10).

5.2 Pressure estimates

5.2.1 Aluminium-in-hornblende geobarometry

Hammarstrom and Zen (1986) and Hollister et al. (1987) have shown in their empirical

and theoretical studies that aluminum content of hornblende in near-liquidus calc-alkaline

granitoid rocks varies linearly with pressure of crystallization, thereby providing means of
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constraining the depth of granitic pluton emplacement. Since then, the aluminum-in-hornblende
geobarometer has evolved and many experimental calibrations have been performed (see
Anderson and Smith, 1995 for review). Schmidt (1992) has attributed the increase of the total Al
(O Al) with pressure to Al-Tschermakitic exchange (see Table 4.2). Although the estimated
pressure using this barometer can be affected by temperature, ion substitution in hornblende,
oxygen fugacity, volatiles and magma composition, Ague (1997) has proved the reliability of the

aluminum-in-hornblende geobarometer in natural systems.

The biotite granitoid and deformed biotite granitoid contain the seven magmatic
equilibrium mineral phases (quartz + plagioclase + alkali feldspar + hornblende + biotite +
titanite + Fe-Ti oxide) which enable the application of the aluminum-in-hornblende
geobarometry. Also, their hornblende Fe*/(Fe’™ + Mg) ratios of 0.44-0.50 and 0.31-0.49,
respectively, are within the recommended limiting values (< 0.65) of the calibration by Anderson
and Smith (1995). Furthermore, the narrow compositional range of the feldspars in these
granitoids (mainly oligoclase) provides the additional restriction necessary for Al content in

hornblende to be entirely a function of the pressure (Hollister et al., 1987).

The microprobe analysis results (Table A.2.4 in the Appendix A.2) of hornblendes have
been used to calculate the pressure. The rim and core of unzoned hornblendes are almost similar
in composition and were both used for pressure calculation, although the rim portions of the
crystal most likely crystallized in equilibrium with the other mineral phases (Johnson and
Rutherford, 1989). The pressure at which the magma crystallized was computed according to the

following equation of Schmidt (1992):

P (£ 0.6 kbar) = -3.01 + 4.76 YAl ”*=0.99, (5.3)
where:
> Al= total number of Al atoms in hornblende per unit formula (based on 23
oxygens)
P= correlation coefficient in Schmidt's experimental calibration
P= pressure in kilobars (kbar)

The > Al content of hornblende from the biotite granitoid and deformed biotite granitoid

yielded pressures ranging from 3.4-5.5 kbar (average n = 18: 4.8 + 0.5 kbar, 15) and 2.5-6.1
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kbar (average n = 27: 4.2 + 1.1 kbar, 10), respectively. For comparison, these pressures obtained
with Schmidt's (1992) calibration are higher than those estimated with the other aluminum-in-
hornblende calibrations of Hammarstrom and Zen (1986), Hollister et al. (1987) and Johnson and
Rutherford (1989), due to the temperature effects discussed by Anderson and Smith (1995). The
pressures calculated from these various aluminum-in-hornblende calibrations decrease in the
following sequence: Schmidt (1992) — Hollister et al. (1987) — Hammarstrom and Zen (1986)
— Johnson and Rutherford (1989) (Table 5.2).

As expected, only a small difference in the calculated pressures is noticed from core and
rim compositions of single hornblende samples. The calculated pressures may likely represent
the conditions during final emplacement, as the crystallization of the magma must have been
well advanced to produce the entire mineral assemblage required for aluminum-in-hornblende
barometry. A similar pressure range as for the biotite granitoid and deformed biotite granitoid
(2.5-6.1 kbar) has been yielded by the different aluminum-in-hornblende calibrations for other
granitoids plutons in west Cameroon (e.g., 2.0-6.0 kbar, Tetsopgang, 2003; 4.8-5.9 kbar,
Nzolang, 2005).

Table 5.2: Comparison of the results from aluminum-in-hornblende geobarometric calibrations
applied to the Bafoussam granitoids.
Values in brackets are calculated average values with uncertainties (10)
n represents the number of values
o is the standard deviation

Rock type Biotite granitoid Deformed biotite

(n=18) granitoid (n =27)

Total Al (a.p.f.u) 1.35-1.78 1.16 - 1.90
Barometer Pressures (kbar)

Schmidt (1992) 34-55 2.5-6.1

(4.8+0.5) 42+1.1)

Hollister et al. (1987) 29-53 1.9-6.0

4.5+0.7) 3.8+1.2)

Hammarstrom and Zen (1986) 2.8-5.1 1.8-5.7

(4.3+0.6) (3.7+£1.2)

Johnson and Rutherford (1989) 23-4.1 1.5-4.6

(3.4+0.5) (2.9+0.9)
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5.2.2 Phengite geobarometry

Many studies have demonstrated that the presence of primary muscovite in granitic rocks
allows the estimation of a lower limit of pressure (hence minimum depth) of crystallization (e.g.,
Anderson and Rowley, 1981; Massonne and Schreyer, 1987). Velde (1967) calibrated the
phengite geobarometer based on the component of celadonite in muscovite—celadonite mica or
phengite (KAI,[AlSi3010](OH), — K(Mg, Fe*")(Fe’", AI)[SiO4](OH),), which raises with the
increasing pressure. Afterwards, Massonne and Schreyer (1987) established a new calibration for
quartz + biotite + phengite + K-feldspar assemblages. This calibration, illustrated in graphical
form, demonstrates that Si content (half formula unit) in phengite increases with increasing
pressure by nearly linear function, whereas increasing temperature implies only minor decrease
of Si contents. Anderson (1996) has expressed the Massonne and Scheyer (1987) graphical

solutions by the following equation:

P (kbar) = —2.6786Si> + 43.975Si + 0.01253 T(°C)-113.9995 (5.4)
where:
Si=  Sicontents (a.p.f.u., 22 oxygens)
P= pressure in kbar
T'=  temperature (°C: here the calculated average T7;)

In the two-mica granitoid, the analysed muscovite contains considerable amounts of
celadonitic component (see Fig. 4.4A, Table A.2.2, Appendix A.2), which makes it appropriate
for phengite barometry. Si-values range between 6.099 and 6.378 a.p.fu. The calculated
pressures of crystallization of the Bafoussam two-mica granitoid range between 4.7-9.0 kbar
(average n = 56: 6.6 = 1.0 kbar) corresponding to the average zircon saturation temperature (77;)
of 772 °C. This average pressure value is interpreted as a reasonable approximation to the
crystallization pressure of the Bafoussam two-mica granitoid and it compares well to the range of
pressures documented in the Nkambe two-mica granitoid in west Cameroon (5.5-8.0 kbar:
Tetsopgang, 2003). It is also consistent with the emplacement pressure of leucogranite from
Damara orogen, Namibia (~6.0 kbar: Jung et al., 2001), as well as Himalayan two-mica granites

(6.0-8.0 kbar) inferred from experimental data (Patifio-Douce and Harris, 1998).
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The crystallization pressures of the Bafoussam granitoids obtained above are assumed to
be equivalent to emplacement pressures. They have then been converted to emplacement depths
by using the equivalency 1 kbar = 3.7 km, assuming an average crustal density of 2.7 g/cm’ and
taking in consideration the limits which these data impose on vertical crustal movements.
Estimates of emplacement depths for dated plutons may provide direct evidence for the ascent or
descent of the exposed crustal sections through time, thus providing fundamental information
about tectonic processes in orogenic belts. The depths were calculated from the average pressure
values using Schmidt's (1992) calibration and phengite barometry (Anderson, 1996). The studied
granitoids yielded different depths of emplacement: biotite granitoid—depth ~18 km, deformed

biotite granitoid— depth ~ 15 km and two-mica granitoid — depth ~ 24 km.

5.3 Oxygen fugacity estimates

The oxygen fugacity (fO,) is the parameter which controls the redox state of the magma.
The intrinsic oxygen fugacity of a magmatic rock reflects its source material (Wones, 1989) as
well as its tectonic setting (Carmichael, 1991; Burkhard, 1993). Granites derived from mantle are
normally oxidized, while S-type granites are more reduced (Chappell and White, 1992). Granites
that are highly oxidized during crystallization occur in compressive tectonic positions, i.e.
convergent plate boundaries, whereas granites formed by fractionation from mantle-derived

magmas in rift zones are reduced.

In general, the reconstruction of the original oxygen fugacities of primary magmas from
granitoid rocks is difficult, as magnetite commonly becomes Ti free during slow cooling and the
ilmenite undergoes one or more stages of oxidation—exsolution (Haggerty, 1976). However,
roughly qualitative constraint on the oxidation state of a magma can be made based on the rock’s
mineral assemblage (Czamanske and Wones, 1973) and the mineral chemistry (Burkhard, 1991).
The presence of titanite, magnetite and quartz in granitoids implies high oxygen fugacity, at least
nickel-nickel oxide (NNO) buffer. The occurrence of euhedral titanite and magnetite as early-
crystallizing phases in silicate rocks indicates that the magma was relatively oxidized. High Mg

content of the amphibole occurring in the rock indicates somewhat oxidized magma.
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Beside the lack of determined ferrous/ferric rations in biotite of the Bafoussam granitoids
at the time of magmatic equilibration, the relative oxygen fugacity can still be quantitatively
calibrated using the Fe**/(Fe*" + Mg) value of biotite in O,)-T diagram for biotite + K-feldspar
+ magnetite equilibrium at a total pressure of 2070 bar (Fig. 5.3: Wones and Eugster, 1965).
Apart from the two-mica granitoid which does not include magnetite, these three phases coexist
in the studied granitoids. Based on the presence of ilmenite as sole opaque mineral in the two-
mica granitoid, the f{O,) at which this granite equilibrated is believed to be in general moderately
reduced, at or below the quartz—fayalite—-magnetite (QFM) buffer (Chappell and White, 1992;
Pichavant et al., 1996). Taking the average zircon saturation temperatures (7z) for the other
granitoid groups, estimated f{O,) values span a range of 107° to 10™" bars. Values of fO, in the

Bafoussam granitoids are presented in detail in Table 5.3.

Within the f{O,)-T diagram (Fig. 5.3), biotite compositions of the biotite granitoid and
the deformed biotite granitoid overlap the NNO line, suggesting oxidation conditions. Their
samples that plot above the QFM line have hematite as opaque phase, while the ones falling
between the NNO and hematite—magnetite (HM) lines contain additionally Mg-rich hornblende
(Fig. 4.6) and titanite. Biotites of the mega feldspar granitoid plot between the nickel-nickel
oxide (NNO) and the quartz—fayalite—-magnetite (QFM) buffers, indicative of relatively oxidation
conditions. The mega feldspar granitoid has ilmenite as a main opaque mineral with additional

minor magnetite and titanite.

Wones (1989) introduced an equilibrium expression for the quantitative evaluation of the

oxygen fugacity, using the assemblage titanite + magnetite + quartz:

Log f(O;) =—30930/T + 14.98 + 0.14 (P - 1)/T (5.5)
where:

T'=  temperature in Kelvin

P = pressure in kbar

The oxygen fugacity is calculated for the biotite granitoid and the deformed biotite
granitoid using temperatures and pressures obtained from hornblende—plagioclase thermometry

and aluminum-in-hornblende barometer (Schmidt, 1992), respectively. The biotite granitoid and
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the deformed biotite granitoid show the oxygen fugacity values ranging from 10" to 10" and

10" to 107, respectively.
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Figure 5.3: Logf(O,) versus T diagram for the biotite + magnetite + gas equilibrium at Py =
2070 bars (Wones and Eugster, 1965). Light lines: isopleths [Fe**/(Fe*" + Mg)] x 100; heavy
lines: f{O,) (oxygen fugacity) buffers: quartz—fayalite—-magnetite (QFM), nickel-nickel oxide
(NNO), and hematite—magnetite (HM). Labelled fields represent the range of oxygen fugacity
for the samples from the Bafoussam granitoids at an equilibrium temperature (Tz:) of 698-866
°C. Symbols are as follows: A = biotite granitoid; B = deformed biotite granitoid; C = mega
feldspar granitoid. This diagram represents the Central portion of the original diagram of
Wones and Eugster (1965).

Table 5.3: Estimated values of oxygen fugacity during the crystallization of Bafoussam
granitoids after Wones and Eugster (1965) and * Wones (1989)

Rock types Fe’'/(Fe™ +Mg) fO,) bars
Biotite granitoid 0.436 —0.510 10 10"
107103
Deformed biotite granitoid 0.441 — 0.666 10710
1077107

Mega feldspar granitoid 0.526 — 0.820 10710
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The results yielded by the equation of Wones (1989) are slightly lower than those
obtained from the Wones and Eugster (1965) calibration (Table 5.3). The mineral
transformations such as microperthites and flames perthites, and titanite reaction rims around
ilmenite and/or magnetite that occurred during the consolidation of the Bafoussam granitoids
(Chapter 3) reflect the changing of f{O,) and temperature conditions (Czamanske and Wones,
1973; Wones, 1989). The granitoid samples containing Mg-rich hornblende as additional
ferromagnesian mineral are more oxidized than the ones having only biotite. The oxygen
fugacity values suggest mantle-derived magma and a compressive geotectonic setting for the

biotite granitoid, the deformed biotite granitoid and the mega feldspar granitoid.

Water content is also an important parameter in the formation of granitic magmas. The
experimental studies of Whitney (1988) demonstrated that granitoid rocks require about 4 wt. %
water or more for the paragenesis of their mineral crystallization. The water content of magma is
reflected by the presence and modal abundance of mafic minerals such as biotite and amphibole
which are the only major silicate minerals that admit water in their structure. Generally, melts
formed in the middle continental crust are likely to be water-undersaturated (Clemens, 1984;

Ebadi and Johannes, 1991).

In conclusion, the granitoids described in this study crystallized under varying pressures
(4.2 = 1.1 to 6.6 = 1.0 kbar) at temperatures which are not significantly different (772 + 41 to 808
+ 34 °C), from oxidized magma (LogfO, from —17 to —13) with exception of the two-mica
granitoid for which the magma was slightly reduced. The pressure data suggest emplacement at
different depths ranging between 15 and 24 km. The pressure and temperature range obtained for
the Bafoussam granitoids are lower than the culmination of the granulite facies tectono-
metamorphic event that has affected the Neoproterozoic belt of Cameroon (Nzenti et al., 1988)
and neighbouring provinces of Nigeria (Férré et al., 1998) and Central Africa Republic (Pin and
Poidevin, 1987). However, they are comparable to the amphibolite facies metamorphism
encountered within the migmatitic gneisses wall-rock in the Bafoussam region (Tagne-Kamga,
2003). This suggests that the crust had either remained at constant depth or that only minor uplift
occurred between the peak of the metamorphism and the solidification of the intrusions within

the investigated area.
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6 FLUID INCLUSION STUDY

Fluid migration is an important process which controls the geochemical and the
metamorphic evolution of the continental crust to a significant degree. When flowing through
rocks, microscopic samples (micrometer-size) of fluids can be trapped as fluid inclusions within
growing host minerals (primary inclusion) or during later healing of fluid-filled microcracks
and/or fractures (secondary inclusion). Fluid inclusions can contain a wide variety of materials
(liquid, gas and solid) and their study has proven to be an important aspect of any fluid-rock
interaction research. They are common in geologic samples. Fluid inclusions research is applied
in various geological disciplines such as ore deposit geology, sedimentary geology, metamorphic
petrology, studies of crustal and mantle magmas, lavas and lunar geology (Roedder, 1984). Fluid
inclusions have been widely used in ore deposit geology in order to determine the origin and the
evolution of mineralizing fluids and ultimately to better understand ore formation processes (e.g.,
Wilkinson, 2001), as well as in petroleum geology to identify oil compositional evolution and
migration, and possible reservoir rocks (e.g., Burruss, 2003). However, much recent works have
been driven in structural geology and have demonstrated that fluid inclusions can be used as
thermobarometric, structural and tectonic markers, providing important information on the

structural and tectonic history of rocks (e.g., Boullier, 1999).

In this chapter, data are presented resulting from a preliminary fluid inclusion study on
hydrothermal quartz veins that are commonly observed within the Bafoussam granitoid outcrops.
They are deformed or no and oriented NNE-SSW and NE-SW, with up to 19 cm wide. Quartz
veins are direct evidence for the circulation of ancient hydrothermal fluids associated with the
fracturing of the rock. Five samples of quartz veins have been selected for fluid inclusion
analysis. From petrographic microscopy, all samples chosen contain fluid inclusions. However,
only one sample (SE-1) deriving from a quartz vein transecting the deformed biotite granitoid
hosts a large number of fluid inclusions of sufficient sizes (greater than 1-2 pm), making them
suitable for the application of detailed analytical methods, such as microthermometry.

Microthermometric procedures used are described in detail in Appendix A.1.5.

In the following, emphasis is given to: (1) a description of the types of fluid inclusions

observed; and (2) their chemical composition as inferred primarily from the microthermometric
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data. Furthermore, a possible application of the fluid inclusion data in constraining the conditions

(pressure and temperature) of the deformation is discussed.

6.1 Petrography and types of fluid inclusions

Petrographic characterization is a very important part of any fluid inclusion study. The
reason for this is that petrography provides information about the chronology of entrapment of
fluid inclusions as primary, secondary or pseudosecondary (Roedder, 1984; van den Kerkhof and
Hein, 2001; Goldstein, 2003). Primary fluid inclusions are entrapped during the crystal growth.
They are concentrated in particular growth sectors or associated with the position of particular
growth faces. They tend to show typical regular shape, "negative-crystal" shape, bounded by well
developed faces. But not all fluid inclusions with negative-crystal shape are primary! Secondary
denotes fluid inclusions trapped at any time after crystal growth is finished, normally when
microcracks or deformation features transect all growth zones of a mineral and heal to trap
inclusions. Secondary fluid inclusions normally form planar arrays that cut across growth zones
of a crystal. Pseudosecondary fluid inclusions are entrapped before the end of crystal growth, but
are not necessarily related to the crystal growth. Like secondary fluid inclusions, they are trapped

along microfractures, but their entrapment is followed by further crystal growth.

The studied fluid inclusions were observed both in primary igneous quartz and in
recrystallized quartz grains. The correlation of the analysed fluid inclusions with growth zones in
quartz crystals was possible, since any well developed crystal growth zones was observed. In
most cases, however, establishment of the relative chronology of the fluid inclusions within
single quartz grains could be achieved based on their spatial relationships. They are generally
found occurring either in clusters without any apparent link to fractures, or aligned along well-
healed fracture planes (Fig. 6.1A and B). A minor number of solitary inclusions occur arbitrarily
distributed within quartz crystals. Most of the fluid inclusions are thus clearly secondary in

origin.
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Figure 6.1: (A) and (B) Photomicrographs of typical groups of fluid inclusion (dark spots) trails
in quartz crystals. Inclusions oriented diagonally across the field of view represent entrapment
along healed micro-fractures.

From the petrographic study, two types of fluid inclusions have been distinguished based
on the major phase composition present at room temperature (~ 20 °C): (1) Mixed aqueous— non-
aqueous volatiles fluid inclusions; and (2) pure aqueous fluid inclusions. The first inclusion type
commonly occurs either in groups or along healed fractures internal to a single crystal,
constituting short trails; locally, isolated mixed aqueous—non-aqueous volatiles fluid inclusions
are found. The second inclusion type is always aligned along healed microfractures cutting
across quartz crystal boundaries in several trails. All fluid inclusions are salt-undersaturated as no

daughter minerals were observed.

6.1.1 Mixed aqueous—non-aqueous volatile fluid inclusions

According to the proportion of aqueous and non-aqueous volatile (mainly CO,) ratios at
room temperature, the mixed aqueous—non-aqueous volatiles fluid inclusions can be subdivided
in: (1) non-aqueous volatiles-rich mixed fluid inclusions and; (2) aqueous-rich mixed fluid
inclusions. Commonly, fluids inclusions with clearly different chemical and/or physical features
occur within the same quartz crystal, but in separate groups or arranged along separate healed

micro-fractures. This inclusion type represents by far the most abundant type.
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- Non-aqueous volatile-rich mixed fluid inclusions

At room temperature, non-aqueous volatile-rich mixed fluid inclusions contain one phase
(vapour or liquid non-aqueous volatiles), two phases (aqueous liquid + liquid non-aqueous
volatiles) or three phases (aqueous liquid + liquid non-aqueous volatiles + vapour non-aqueous
volatiles). Their size mostly varies between 15—72 pum (longest axis).

- Monophase non-aqueous volatile fluid inclusions are commonly low-density (solely
vapour) inclusions and dark in appearance. They are commonly irregular in shapes and
elongated, and less commonly display negative crystal form (Fig. 6.2A and B).

- Two phase non-aqueous volatile-rich fluid inclusions consist of large volume of liquid
non-aqueous volatile with a thin rim of aqueous liquid, with a degree of fill [F = VA/(Va + Vy);
A, aqueous; V, volatile] lower than 0.1 (Fig. 6.2C). They show irregular, oval or round forms.

- Three phase non-aqueous volatile-rich fluid inclusions dominantly consist of liquid +
vapour of non-aqueous volatile phase bubbles with a large volume of the liquid phase that
envelopes the vapour bubble of varying volumes, and a small aqueous liquid phase (Fig. 6.2D, E
and F). The degree of fill of this inclusions type is low and variable along a given trail [F =
Va/(Va + Vy) < 0.5]. These fluid inclusions are sub-rectangular, elongate, round in shape and

are comparable in size to the monophase gas inclusions.

- Aqueous-rich mixed fluid inclusions

Like the non-aqueous volatiles-rich fluid inclusions, they are regular shaped (round,
elongate or ovoid, and less commonly show negative crystal form) but smaller, mostly 15-30 pm
in size (longest axis). In these fluid inclusions, the aqueous liquid phase predominates over an
omnipresent small volume of non-aqueous volatiles that usually consists of two bubbles of both
liquid and vapour phase (Fig. 6.3A, B, C and D), at room temperature. They are generally
characterized by a consistent and variable degree of fill [F'= V/(VA + Vy)], ranging between 0.6
and 0.8.

6.1.2 Pure aqueous fluid inclusions

Easily recognisable by their bright appearance, pure aqueous fluid inclusions are typically

of small size, less than 10 pm, and characterized by oval, round or elongate shapes. However, a

few inclusions are large (10-35 pm), having mostly irregular and flattened forms. Their degree
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of fill [FF= Va/(Va + Vy)] is near 1.0 (Fig.6.4A and B). Pure aqueous fluid inclusions display
two phases, including a dominant aqueous liquid phase and a small bubble of aqueous vapour

phase.

(E) (F)

Figure 6.2: Photomicrographs of the different types of non-aqueous volatile-rich mixed fluid
inclusions found in the studied quartz veins. (A) and (B) one-phase inclusions consisting of
CO; vapour. (C) Two-phase inclusion displaying a dominant CO, liquid bubble and a thin rim
of H,O liquid. (D), (E) and (F) Three-phase inclusions comprising small CO, vapour bubble
with increasing size from (D) to (F), large CO; liquid bubble and rim of H,O liquid.
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Figure 6.3: Aqueous-rich mixed fluid inclusions photomicrographs. (A), (B), (C) and (D)
Various shapes of three-phase inclusions exhibiting a large volume of H,O liquid and bubbles
of CO; liquid and CO, vapour.

(A) (B)

Figure 6.4: Photomicrographs of the pure aqueous fluid inclusions. (A) and (B) Large two-phase
inclusion consisting of H,O liquid and H,O vapour.
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6.2 Microthermometric data

Microthermometry is the most commonly used non-destructive analytical technique for
determining temperatures of characteristic phase changes (e.g., melting of CO,, homogenization
of CO,, ice melting) within the fluid inclusions during freezing/heating runs of rock samples.
The microthermometric data help to constrain the compositional properties of the fluid that
traversed a rock in its history, based on the fundamental assumption that the inclusions have
behaved as closed system since their formation (Roedder, 1984; Goldstein and Reynolds, 1994;
Brown, 1998). The FLINCOR computer program (Brown, 1989) was used to calculate the
densities and isochores of the fluid inclusions. The results for microthermometric measurements
obtained from samples representative of the above three categories of fluid inclusions are listed

in Tables A.5.1 to A.5.3 in the Appendix A.5.

- Mixed aqueous—non-aqueous volatile fluid inclusions

After freezing, and during a progressive heating of these fluid inclusions to the
temperature of total homogenization, the following phase transitions were observed in the
sequence: melting of CO, (Tm COy;), melting of clathrates (Tm cla), homogenization of CO, (Th
CO,), and total homogenization (Thiy) of the fluid inclusion. Clathrate or gas hydrate is
crystalline water-gas (i.e. CO,, CHy4, N;) compound for which the melting temperature depends
on the pressure, gas composition and salinity of the aqueous phase (e.g., Diamond, 1992). The
salinity of the aqueous phase in this inclusion type has been calculated from the clathrate melting

temperature, using the computer program Q2 of Bakker (1997).

- Non-aqueous volatile-rich mixed fluid inclusions: the Tm CO; of the great majority of
these inclusions range between —58.1 °C and —56.9 °C. But small number of non-aqueous
volatile-rich fluid inclusions has higher Tm CO, between —56.7 and —56.6 °C (Fig. 6.5A). The
clathrate was formed exclusively by the three-phase non-aqueous volatile bearing fluid
inclusions. It melts generally before reaching Th CO; at Tm cla ranging from +4 to +10 °C (Fig.
6.5C). The overall range of Tm cla corresponds to salinities of 1 to 10 equiv. wt. % NaCl
(average: 8 equiv. wt. % NaCl) (Fig. 6.6A). Th CO; ranges from +5 to +30 °C (Fig. 6.5B) and
with homogenization to the liquid phase, although homogenization to the vapour phase with Th

CO; ranging between +7 and +30 °C was observed in few cases. The average values of Tm cla
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and Th CO, correspond to densities of 0.44 to 0.87 g/cm’ (Brown and Lamb, 1989). The total
homogenization of the non-aqueous volatiles-rich fluid inclusions was observed in both the
liquid and vapour phase, and Thy, displays a wide range between 170 °C and 300 °C with a
peak at 260 °C (Fig. 6.6A).

- Aqueous-rich mixed fluid inclusions: Tm CO, of the aqueous-rich mixed fluid
inclusions were determined between —56.9 °C and —56.6 °C with a limited number near —56.6 °C
(Fig. 6.5A). Tm cla which have been observed only in a few aqueous-rich mixed fluid inclusions,
are constantly between +5 and +7 °C (Fig. 6.5C). The salt concentrations calculated from Tm cla
compare to the non-aqueous volatile-rich fluid inclusions in range, i.e. between 1-10 equiv. wt.
% NaCl, but have a lower average of 6 equiv. wt. % NaCl (Fig. 6.6A). This corresponds to an
average density of 1.00g/cm’. Tm CO, shows a wide range from +7 to +26 °C (Fig. 6.5B), with
the CO, homogenization commonly to the liquid phase. Total homogenization of these fluid
inclusions was exclusively observed to the liquid phase, with Thyy, in the range of 150 and 250

°C (Fig. 6.6B).

- Pure aqueous fluid inclusions

Pure aqueous fluids inclusions exhibit phase transitions different from the above mixed
aqueous—non-aqueous volatiles fluid inclusions, during freezing/heating runs. The phase
transitions observed to the temperature of homogenization were in the following order: first
melting of H,O or eutectic temperatures (Te), melting of the last crystal of ice (Tm ice), and total

homogenization temperature (Thyo).

Most Te recorded was between —39.1 and —26.7 °C with an average value of —32.7 °C.
Tm ice ranges from —5.0 to —1.0 °C (Fig. 6.5C) and correspond to an average density of 0.96
g/cm3. Salt content of these fluid inclusions, calculated from the final melting temperature of ice
(Bodnar, 1993), range from 3 to 8 equiv. wt. % NaCl, with an average of 6 equiv. wt. % NaCl
(Fig. 6.6A). The pure aqueous fluid inclusions homogenized to the liquid at lower Thyo, than the

mixed aqueous—non-aqueous volatile fluid inclusions, i.e. between 130 and 150 °C (Fig. 6.6B).
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Figure 6.5: Histograms compiling the different microthermometry results of the fluid inclusions.
(A) Distribution of melting temperatures of CO, (Tm CO,). (B) Distribution of the
homogenization temperatures of CO, (Th CO;). (C) Distributions of the final melting
temperatures of ice (Tm ice) in the pure aqueous fluid inclusions and the clathrates melting
temperatures (Tm cla) of the non-aqueous volatiles-rich and aqueous-rich mixed fluid
inclusions.
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Figure 6.6: (A) Histogram showing the variation of calculated salinity. (B) Histogram of the
total homogenization temperatures (Thyy) distribution of the analysed fluid inclusions.

6.3 Interpretation and discussion of data

The CO, melting temperatures recorded for mixed aqueous—non-aqueous volatiles fluid
inclusions indicate two clearly distinct gas compositions (van den Kerkhof, 1990; Murphy and
Roberts, 1995): (1) a CO,—CH4 mixture composition for inclusions having Tm CO, < -56.6 °C.
The proportions of CH4 have been estimated using the diagrams of CO, homogenization to
liquid and vapour of Heyen et al. (1982), assuming that essentially no N, is present. The
concentrations of CHy are quite variable, ranging from 4.1 to 13.5 mole % and 5.5 to 9.0 mole %
in the non-aqueous volatiles-rich mixed and aqueous-rich mixed fluid inclusions, respectively;

and (2) a nearly pure CO, composition for inclusions having ~—-56.6 °C Tm CO,.
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For pure aqueous fluid inclusions on the other hand, the eutectic temperatures (Te)
indicate that the compositions of these pure aqueous fluids can only be partly described in the
pure H,O—NaCl system (Shepherd et al. 1985). The average Te value of —32.7 °C being well
below the H,O—NaCl eutectic temperature of —21.2 °C, points to a Na-dominated mixed salt

system that contains also significant amounts of divalent cations.

On bivariate plots (Fig. 6.7), the data points roughly define linear arrays. The salinity
versus total homogenization (Thyy,) temperatures diagram (Fig. 6.7A) displays a linear trend

which, according to Shepherd et al. (1985), can be interpreted as a mixing of a higher

temperature—medium salinity fluid with a lower temperature—low salinity fluid.
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Figure 6.7: Characteristics of the fluid inclusions, showing roughly linear trend. (A) Salinity
versus total homogenization (Thyy,) temperatures. (B) Salinity versus CO; melting
temperatures (Tm CO,). (C) Thyo versus Tm CO,. (D) Tm CO, versus CO; homogenization
temperatures (Th CO,).



6 Fluid inclusion study 108

The mixing evolution of fluids is also illustrated in plots of salinity versus CO; melting
temperatures (Fig. 6.7B) and total homogenization temperatures versus CO, melting
temperatures (Fig. 6.7C). The aqueous—non-aqueous volatile-rich mixed fluid inclusions do not
define a clear decrease of Tm CO, and Tm CO, trend portraying addition of CH4 to CO, (Fig.
6.7D), as suggested by van den Kerkhof (1990).

The densities of the fluid inclusions make if possible to set constraints on the physical
conditions of the entrapment of these fluids. The analyzed fluid inclusions are clearly
subdivided in two groups, which appear not related to each other (Fig. 6.9): aqueous-rich mixed
fluid inclusions and pure aqueous fluid inclusions have similar densities and thus might be of
similar genesis, whereas the non-aqueous volatile-rich mixed fluid inclusions have distinctly

lower density.
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Although the intersection of the isochores for the aqueous-rich mixed fluid inclusions and the
pure aqueous fluid inclusions at 3.4 kbar and 225 °C is subject to large uncertainties due to
uncertainties in the calculation of the respective densities and the small angle of intersection, if
gives a rough estimate of the likely geothermal gradient, 18 °C/km at the time of fluid
entrapment. The non-aqueous volatile-rich mixed fluid inclusions show two distinct isochores,
depending on their homogenization to liquid or to vapour (Fig. 6.8). Both correspond to a steep
geothermal gradient of 68 °C/km. Considering the well developed negative crystal form,

relatively high entrapment temperature is inferred (Goldstein and Reynolds, 1994).
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7 GEOCHEMISTRY

7.1 Major and trace element geochemistry

Whole-rock geochemical analysis has been performed on 29 samples of the biotite
granitoid, 26 samples of the deformed biotite granitoid, 11 samples of the mega feldspar
granitoid and 9 samples of the two-mica granitoid. The obtained major and trace element data
are listen in Table A.3.1 in the Appendix A.3 and the analytical process is summarized in the
Appendix A.1.3. The investigation of the major and trace elements will allow to place constraints
on nomenclature, magmatic affinities, tectonic setting as well as nature of the source rocks and

the main evolutionary processes of the studied granitoids.

7.1.1 Major elements

The investigated granitoids span a large compositional range in silica content from 56.9—
74.6 wt. %. They have high values of alkali oxides, with K,O = 1.73-7.32 wt. % and Na,O =
1.25-5.13 wt. %, and of Fe,O5* (total Fe) = 0.96-7.79 wt. %, but low abundance in MnO (0.01-
0.20 wt. %), MgO (0.10-3.97 wt. %), CaO (0.37-4.85 wt. %), P,Os (up to 0.90 wt. %). The TiO,

contents are low to moderate (0.07-0.91 wt. %). Al,O3 ranges between 12.0 and 17.6 wt. %.

Plots of major element abundances against Si0, (Harker variation diagrams) as an index
of fractionation show a well-defined linear covariation with respect to increasing silica contents,
suggesting that mineral fractionation has an appreciable effect on silica content (Fig. 7.1). On
the one hand, a clear defined decrease in TiO,, Al,Os, Fe,O3;, MnO, MgO, CaO, Na,O and P,0s
is shown in Figure 7.1. The trend is diffuse for the least evolved members (SiO; up to 66 wt. %)
and there after, narrow and roughly linear for higher silicic compositions (SiO; > 66 wt. %) with
increasing SiO;. On the other hand, a scattered trend is displayed by K,O, which weakly
increases with increasing SiO, (Fig. 7.7B). These oxide variations roughly describe the typical

calc-alkaline trends on Harker plots (Roger and Greenberg, 1990).



7 Geochemistry

111

25 5
20 ® 4 |
[ ]
15 3l
o~ |
o) . S °
= 1.0 = 2 F ) e ©
me (] [ 1] °
® o Lo % 1 o & L]
0.5 O L
¢ * .‘9 &?ﬁt‘;“ 3 b - @A_ﬂh@@o’v&’;
0.0 : 0 ‘ ‘ o
55 60 65 70 75 55 60 65 70 75
20 6
[ ]
o o 5|
16 » = [
¢ "o ¢ ooi" MW‘!&]O ol ¢ me e
w 12 F = xH e ©
o (o] Hg
U 3 3 ° °
< 3 o “
2+ A
o= A
A
4 | . %@;’A O
@]0%
o ¢
0 0 .
55 60 65 70 75 55 60 65 70 75
10 6
[}
[}
8 ™ 5 = ° o .. 5 .
| 4 L] .D%}gj )
% 61 ° ° mé o ° @ D~ Cera
g g °® 96‘ 5 ® A d&‘ofﬁ“
[ [ ] A
@ 4 F ) ..H =z O
on E]. A a 2
&0
0 : 0 ‘ ‘
55 60 65 70 75 55 60 65 70 75
0.25 1.00
° =
0.20 ° ° 0.80
|
0.15 | 060l ™
2 m S
N
Z 00 ° * % v m = & 040 | ° me
.. (] | | ® ]
e = o8 0 - o I
0.05 | OChy Jiige s 0.20 | ¢ ® o= HEQD R
®hi /
i o o Uit
0.00 0.00 L L aL®l
55 60 65 70 75 55 60 65 70 75
Sio, SiO,
M With homblende | Biotite \y
O Without horblende | granitoid
® With homblende |Deformed biotite
O Without hornblende| — granitoid
A Mega feldspar granitoid
¢ Two-mica granitoid g

Figure 7.1: Harker variation diagrams for some major elements (wt. %) plotted against SiO, (wt.
%) content for the Bafoussam granitoids. The trends obtained are broadly along extrapolation
of typical calc-alkaline trends and suggest general fractional crystallization.
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7.1.1.1 Nomenclature of the granitoids

The Q'—~ANOR diagram after Streckeisen and Le Maitre (1979) and the multicationic
parameters R|—R, diagram of De La Roche et al. (1980), are employed for geochemical
nomenclature purposes of the studied granitoids, taking exclusively into account their normative
compositions obtained from the major element data and the main major elements, respectively.
The normative compositions, CIPW norm were calculated with help of the computer program
NORM (supported by Jake Lowenstern, USGS 2000), applying the calculation scheme of Kelsey
(1965).

Following the Q'—ANOR classification (Fig. 7.2), the majority of biotite granitoid
samples plot into the field of granite, with syenogranite being most common (Fig. 7.2A). But a
few samples plot within the fields of alkali-feldspar granite, quartz-syenite and quartz-
monzonite. The deformed biotite granitoid falls into the fields of alkali-feldspar granite,
syenogranite, monzogranite, granodiorite, quartz-syenite, quartz-monzonite and quartz-
monzodiorite, and therefore shows the broadest chemical variation (Fig. 7.2B). The mega
feldspar granitoid is mostly granite (Fig. 7.2C), whereas the two-mica granitoid occupies the

alkali-feldspar granite and syenogranite domains (Fig. 7.2D).

The R—R, diagram (Fig. 7.3A) classifies the biotite granitoid as a syenogranite (major),
monzogranite, quartz-monzonite, syenodiorite, and monzodiorite, while the deformed biotite
granitoid is distributed within the fields of syenogranite, monzogranite, granodiorite, quartz-
monzonite and monzodiorite (Fig. 7.3B). The mega feldspar granitoid plots into the syenogranite

and monzogranite fields (Fig. 7.3B), and the two-mica granitoid is a syenogranite (Fig. 7.3A).

This classification using the geochemical data well supports the mineralogy of the
granitoids. They are largely of syenogranite composition that is consistent with the broadly
predominance of potassium feldspar over the plagioclase in these granitoid rocks. The wide
variety in composition of biotite granitoid and deformed biotite granitoid is mostly displayed by

the samples containing additional hornblende as a ferromagnesian mineral.
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Figure 7.3: Classification of the Bafoussam granitoids using the multicationic parameters R; =
4S1 — 11(Na + K) — 2(Fe + Ti) versus R, = 6Ca + 2Mg + Al diagram of De La Roche et al.
(1980). The continuous line is the "feldspar fraction" line (Ab: albite, An 50: plagioclase An
50, Or: orthoclase). Sub-alkaline and calc-alkaline evolution trends after Debon and Lemmet

(1999) are also showed.
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7.1.1.2 Magmatic affinities

The total alkali-silica (TAS) diagram is often employed for discriminating the granitoids
between alkaline and sub-alkaline series although the boundary between the two series differs
according to various authors. Here, the TAS diagram of Middlemost (1997) is chosen as it offers
a classification in alkaline, mid-alkaline and sub-alkaline (calc-alkaline + tholeiitic) fields (Fig.
7.4A). For comparison, the separating line between alkaline and sub-alkaline series of Miyashiro
(1978) is also applied. In Figure 7.4A, the total alkalis (Na,O + K,0O) ratio varies little and shows
a diffuse flat trend with increasing SiO,. The granitoids under study occupy a transitional
position between non-alkaline and mid-alkaline series. The biotite granitoid and deformed
granitoid plot mainly in the field of mid-alkaline, whereas a few of them are non-alkaline, with
respect of the two dividing lines. Most of the mega feldspar granitoid and two-mica granitoid
straddle the boundary between the non-alkaline and mid-alkaline rocks of Middlemost (1997) as
well as of Miyashiro (1978).
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Figure 7.4: Transitional position between sub-alkaline to alkaline affinities of the Bafoussam
granitoids. (A) Na,O + K,O versus SiO; (wt. %) diagram after Middlemost (1997). The dashed
line shown for comparison is the Miyashiro (1978) boundary distinguishing between alkaline —
sub-alkaline granitoids. (B) (Al,O; + CaO)/(FeO; + Na,O + K,0) versus 100 x (MgO + FeO; +
Ti0,)/Si0, (wt. %) with SiO; > 68 wt. % from Sylvester (1989). HFCA: highly fractionated
calc-alkaline.
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Moreover, the transitional character between alkaline and sub-alkaline is also expressed
in the discrimination diagram of Sylvester (1989) which, for the rocks with Si0, > 68 wt. %,
distinguishes between alkaline, alkaline + highly fractionated calc-alkaline (HFCA) and calc-
alkaline granitoids (Fig. 7.4B). The highly fractionated calc-alkaline granite is believed to be a
variety of alkaline granite (Sylvester, 1989) because of close compositional similarity between
the two granites types. In the Sylvester’s diagram (Fig. 7.4B), the biotite granitoid, the deformed
biotite granitoid and the mega feldspar granitoid plot simultaneously within all the defined fields,
biotite granitoid more within the alkaline + highly fractionated calc-alkaline and calc-alkaline
fields, the deformed biotite granitoid and the mega feldspar granitoid in majority within the
fields of calc-alkaline and alkaline + highly fractionated calc-alkaline, respectively. Finally, the
two-mica granitoid is classified exclusively in the common field of alkaline + highly fractionated

calc-alkaline granites.

The agpaitic index, A.I = molar (Na + K)/Al, distinctly separates the alkaline (A.I > 0.87;
Liégeois et al., 1998) and peralkaline series (A.I > 1.0) from the calc-alkaline series, having an
A.1<0.87. In the A.I versus Si0; diagram (Fig. 7.5), most of the biotite granitoid and deformed
granitoid samples as well as the mega-feldspar granitoid and the two-mica granitoid exclusively
are classified as calc-alkaline granitoids, although a few evolved samples are moderately
alkaline. The fact that most of the granitoid samples do not exceed an agpaitic index A.I of 0.87
can be explained by their slightly low Na,O content compared to the K,O concentration. Further
investigation of Figure 7.5 displays two different trends of the agpaitic index with increasing
silica. The first trend (1) follows an abrupt ascending and exclusively calc-alkaline line of the
evolution, where the granitoids having hornblende do not exceed the value of A.I = 0.87. The
other trend, (2) exhibits a first steep and then more or less flattening line of evolution and
slightly ascends into alkaline series and points out the tendency of silica-rich samples to be

slightly alkaline.

The sub-alkaline character of the investigated granitoids is confirmed in the multicationic
parameters (R;—R,) diagram after De La Roche et al., 1980 (Fig. 7.3), showing the sub-alkaline
and calc-alkaline trends of Debon and Lemmet (1999). The biotite granitoid, the mega feldspar
granitoid and the two-mica granitoid largely follow the sub-alkaline line of evolution, while the

deformed biotite granitoid shows sub-alkaline and calc-alkaline trends.
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Figure 7.5: Agpaitic index (Na + K)/Al (at. %) versus Si0, diagram, indicating a calc-alkaline
character for the Bafoussam granitoids. The dashed line that separates alkaline and calc-
alkaline granitoids series corresponds to an A.I of 0.87 (after Liégeois et al., 1998).

According to the modified alkali-lime index (MALI = NaO; + K,O — CaO) after Frost et
al. (2001), the Bafoussam granitoids can be divided into alkalic, alkali-calcic, calc-alkalic, and
calcic affinities. The MALI classification represents for a suite of igneous rocks the SiO; value at
which (Na,O + K,0)/CaO are equivalent to 1.0. The MALI is commonly used to interpret the
magma source. The MALI of the studied granitoids slightly increases with increasing SiO, (wt.
%) as showed in Figure 7.6. Their high total alkalis (Na,O + K,O = 6.31-10.93 wt. %) content
compared to lime concentration (CaO = 0.37-4.85 wt. %) classifies the biotite granitoid in part
to the alkali-calcic and alkalic series fields, the deformed biotite granitoid mostly to the calc-
alkalic and alkali-calcic fields, the mega feldspar granitoid in part to the calc-alkalic and alkali-
calcic series fields, whereas the two-mica granitoid fits to the alkali-calcic series field solely

(Fig. 7.6).
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Figure 7.6: Modified alkali-lime index (Na,O + K,O — CaO) against SiO; (wt. %) diagram of
Frost et al. (2001), demonstrating the dominating alkali-calcic affinity of the Bafoussam
granitoids, which follow an alkalic to calcic trend.

Following the classification of Turner et al. (1996) for Tibetan lavas, the investigated
granitoids can be considered as "true shoshonites", as they plot within the field for shoshonitic
rocks that is restrained to K,O/Na,O ratios between 0.5 and 2.0 (Fig. 7.7A). In addition,
Rickwood (1989) and Miiller et al. (1992) have already suggested that granitoids with high
potassium concentrations can also be classified as belonging to a shoshonitic rock series. In this
terminology, the high-potassic character is also exhibited in the standard K,O versus SiO,
diagram (Fig. 7.7B), used to subdivide the calc-alkaline suite into high-K and low-K types, as
summarized by Rickwood (1989). The biotite granitoid, the mega feldspar granitoid and the two-
mica granitoid have high-K calc-alkaline to shoshonitic character, while the deformed biotite
granitoid scatters in part within the medium-K calc-alkaline, in part within the high-K calc-
alkaline and in part within the shoshonitic fields. The general high-potassic character of the
granitoids under study is concordant with their Al,O3; content higher than 9 % (dashed line in
ALO; versus SiO, diagram, Fig. 7.1: Morrison, 1980; Miiller et al., 1992) and with their
noticeable abundance of K-feldspar (and hence of K,O). According to Liégeois et al. (1998), the
low NayO content at around 3 % counterbalancing the high K>O content points to a shoshonitic

trend rather than to a high-K one.
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Figure 7.7: Potassic character of the Bafoussam granitoids. (A) K,O versus Na,O (wt. %) after
Turner et al. (1996). (B) K,O versus SiO; (wt. %), illustrating the high-K calc-alkaline to
shoshonitic affinities of the Bafoussam granitoids. Subdivision boundaries into low-, medium-
and high-K domains (broken lines) are after Le Maitre et al. (1989) and into shoshonitic, high
K calc-alkaline, calc-alkaline and tholeiitic magmatic series (shadowed boundary fields) as
summarized by Rickwood (1989).

The mg-number (Mg/Mg + Fe) versus B = Fe + Mg + Ti diagram of Dedon and Le Fort
(1988) modified by Debon and Lemmet (1999) allows to distinguish a magnesian magmatic
igneous domain from a ferriferous magmatic igneous domain (Fig. 7.8). In contrast to
shoshonitic suites (Morrison, 1980; Jiang et al., 2002), the studied granitoids exclusively display
a ferriferous character which is consistent with the Fe enrichment of some of their minerals such

as biotite and garnet.

The molar ratio Al,O3/(CaO + Na,O + K;0) is widely used for discriminating granitoids
into peraluminous, metaluminous and peralkaline characters. This ratio refers to as A/CNK by
Clarke (1981) or as the aluminum saturation index (ASI) by Zen (1986). More recently, Frost et
al. (2001) defined ASI as the molecular ratio Al/(Ca — 1.67P + Na + K). The aluminum
saturation index is believed to be the reflection of the micas and accessory minerals in the rocks,
and is related to the magma sources and conditions of melting. The metaluminous granitoids and
the peralkaline granitoids possess ASI < 1.0, but with molecular Na + K < molecular Al and

molecular Na + K > molecular Al, respectively, following Frost et al. (2001). The peraluminous
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group is subdivided into mildly or moderate peraluminous (ASI ratio 1.0-1.1) and strongly

peraluminous (ASI ratio > 1.1) by Zen (1986) and Sylvester (1998).
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Figure 7.8: The mg-number = Mg / (Fe + Mg) against B = Fe + Mg +Ti (moles) diagram of
Debon and Le Fort (1988), where Fe = total iron cations. The broken line separating the
magnesian and ferriferous igneous domains is of Debon and Lemmet (1999).

The aluminium saturation index (ASI) versus SiO; plot (Fig. 7.9A: Chappell and White,
1974; Frost et al., 2001) shows that for the investigated granitoids, the ASI ratio systematically
increases with Si0,. Furthermore, the biotite granitoid (ASI ratio 0.70-1.08) and the deformed
biotite granitoid (ASI ratio 0.82-1.06) reflect a change from metaluminous to weakly
peraluminous compositions, the mega feldspar granitoid (ASI ratio 1.02-1.06) is exclusively
weakly peraluminous and the two mica granitoid (ASI ratio 1.07-1.25) is mainly strongly
peraluminous (Fig. 7.9A ). Similarly, the intermediate nature between metaluminous and
peraluminous of the Bafoussam granitoids is documented in the diagram of Maniar and Piccoli
(1989), which employs the shand’s molar parameter, A/NK versus A/CNK (Fig. 7.9B). This
diagram also clearly separates the metaluminous granitoids, which have A/NK ratios defined as

molar Al,O3/(NaO + K,0) greater than 1, and the peralkaline granitoids (A/NK < 1).
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The metaluminous and peraluminous character of the studied granitoids is reflected in
the mineralogy of the peraluminous samples, which includes a highly-aluminous primary phase
such as aluminous biotite for weakly peraluminous granitoids, and second additional aluminous
phases, i.e. muscovite and garnet for stronger peraluminous granitoids, in agreement with Miller
(1985). The bearing of the aluminous phases in the peraluminous rocks is marked in their CIPW
normative compositions by the permanent presence of corundum (Zen, 1986; 1988). The
normative corundum (Table A.3.1, Appendix A.3), which ranges between 0.12 and 3.03 in
peraluminous samples, is absent in metaluminous samples. The metaluminous samples contain
hornblende, and some of them can contain normative wollastonite, as assumed by Zen (1986) for

metaluminous rocks.
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Figure 7.9: Metaluminous to peraluminous characters of the Bafoussam granitoid. (A)
Aluminium Saturation Index, ASI = molar Al/Ca + K + Na — 1.67P) versus SiO; (wt. %). The
boundary separating the metaluminous and peraluminous domain (continued line) is of
Chappell and White (1974), while the dashed line dividing the peraluminous domain in weakly
and strongly is as summarized by Zen (1986). (B) Shand’s molar parameters, A/NK =
ALO3/(Na,O + K,0) versus A/CNK = ALO; / (CaO + Na,O + K,0) in the diagram after
Maniar and Piccoli (1989).

To conclude, major element data indicate the intermediate to felsic compositions of the
granitoids. The highest values of TiO, are displayed by the biotite granitoid and the deformed
biotite granitoid samples that contain significant amounts of titanite (up to 5 vol. %) coexisting

with hornblende. The Bafoussam granitoids roughly have constant geochemical characteristics,
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however with some particularities which separate the biotite granitoid, the deformed biotite
granitoid and the mega feldspar granitoid from the two-mica granitoid. The biotite granitoid,
deformed biotite granitoid and mega feldspar granitoid are non-alkaline to mid-alkaline, alkali
calcic in general, high-K to shoshonitic, ferriferous and metaluminous or moderately
peraluminous. The two-mica granitoid is non-alkaline to mid-alkaline, exclusively alkali-calcic,
high-K, ferriferous and peraluminous. The shoshonitic affinity mentioned is precluded by the

ferriferous character of these granitoids.

7.1.2 Trace elements

The studied granitoids show a wide range of large ion lithophile element (LILE)
abundances which are higher in low-silica samples. Among the LILE, Ba appears especially
abundant (142-3441 ppm), and Sr and Rb also display quite high contents, respectively 461525
and 65470 ppm. The high-field-strength elements (HFSE) also vary considerably within the
analysed granitoids. In contrast to the LILE, silica-rich samples are relatively enriched in HFSE
such as Nb (540 ppm), Y (870 ppm), Ga (14-35 ppm) and Zr which exhibits higher values
(43-524 ppm).

Selected Harker variation diagrams for trace elements (Sr, Ba, Zr, Y, Pb, Th, Rb and Nb),
as shown in Figure 7.10, lack continuous tends. Nevertheless, observation of poor-defined trends
with increase of SiO, could be made, according to the geochemical behaviour of the elements
and/or the fractionating mineral phases (Fig. 7.10): (1) a gentle decrease for Sr, Ba, and Zr, and
clear one for V, may be related to fractionation of plagioclase, biotite, potassium feldspar, zircon,
hornblende and iron oxide minerals, respectively; (2) slightly increase in abundance for Th; (3)
two-step evolution for Rb and Nb indicated by the switch from compatible to incompatible
behaviour for both elements; and (4) decreasing Sr/Ba ratio, while the Rb/Sr ratio remains
constant for the low-silica samples and sharply increases for the high-silica samples which
probably also reflects the significant effect of mineral fractionation in the genesis of the studied
granitoids. Y has more or less constant concentrations with increase of SiO,. Additionally, a

significant feature of these granitoids is their scarcity of incompatible elements.
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Figure 7.10: Harker variation diagrams of selected trace elements (ppm) and Sr/Ba and Rb/Sr
ratios versus SiO, content (wt. %) of the Bafoussam granitoids.
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7.2 Rare earth element patterns

Rare earth element (REE) geochemical data were obtained for five rock samples of each
of the four Bafoussam granitoid types. Results are given in Table A.3.2, Appendix A.3 and the
analytical conditions in the Appendix A.1.3. The study of rare earth elements can help for a
further geochemical characterization of the investigated granitoids and the magmatic processes
involved during their evolution. The obtained rare earth element data have been normalized
relative to chondrite abundances, according to the values of McDonough and Sun (1995). The
REE fractionation in the studied granitoids is summarized in Table 7.1.

- The biotite granitoid contains generally high abundances of REE (3 REE = 130443
ppm) and exhibits moderate fractionated patterns [(La/Lu)y = 22.66-37.81] (Fig. 7.11A). The
rare earth element fractionation is greater for light rare earth elements [LREE: (La/Sm)y = 3.23—
9.65] than for heavy rare earth elements [HREE: (Gd/Lu)y = 1.81-3.75] (Fig. 7.11A); the HREE
are relatively flat or are slightly concave upward. The europium anomalies are small to
negligible (Eu/Eu* = 0.72—1.08), because of the low abundance or lack of plagioclase in the
residue. Exceptionally, one biotite granitoid sample exhibits a significant europium anomaly
(Eu/Eu* = 0.35) and moderate LREE fractionation compared to the others.

- The deformed biotite granitoid rare earth element patterns are quite similar to those of
the biotite granitoid (Fig. 7.11B). The deformed biotite granitoid samples are characterized by
high total REE (3 REE = 151433 ppm) and highly fractionated patterns [(La/Lu)y = 14.57—
52.13]. They show slightly varied sloping of the LREE-enriched patterns [(La/Sm)y = 4.77—
7.03] and near-flat to fractionated HREE patterns [(Gd/Lu)y = 1.45-3.62] with small negative
europium anomalies (Eu/Eu* = 0.63—0.83) which are consistent with the low abundance of
plagioclase in the restite.

- The mega feldspar granitoid has high REE abundances (3 REE = 251415 ppm) and
shows homogeneous and strongly fractionated patterns [(La/Lu)y = 26.63—42.21] (Fig. 7.11C).
The LREE fractionation is important [(La/Sm)y = 4.41-6.52] whereas the HREE display sub-flat
profiles with (Gd/Lu)y ranging between 2.88 and 4.47. Like for the two-mica granitoid, the
negative europium anomaly occurs in all the mega feldspar granitoid samples, but in smaller
degree (Ew/Eu* = 0.44-0.77), which is attributed to the minor retention of Eu** by residual

plagioclase.
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Figure 7.11: Chondrite-normalized REE plots for selected whole rock granitoid samples from
the Bafoussam area. Also shown in (D) are averages of the high Himalayan leucogranites
(from Inger and Harris, 1993). Normalization coefficients are after McDonough and Sun
(1995).

- The two-mica granitoid samples display two distinct REE behaviours (Fig. 7.11D): the
REE pattern (1) is characterized by high total rare REE contents (3 REE = 206-269 ppm),
strongly fractionated REE patterns with an important enrichment in LREE compared to HREE as
expressed by the (La/Lu)y ratio ranging from 43.93 to 58.82, steep LREE pattern [(La/Sm)y =
5.00-5.22] and fairly curve HREE pattern [(Gd/Lu)y = 4.04-5.54]. This is probably due to the
present of monazite which is also responsible to the important Th concentration (Th = 24-37
ppm) in these samples and the presence of garnet and ilmenite in the residual phase. The REE
pattern (2) shows low abundances of rare earth elements () REE = 54-57 ppm), moderate REE
fractionation, less fractionated LREE-enriched pattern [(La/Lu)y = 7.32-9.59 and (La/Sm)y =
3.33-4.77] and relatively flat REE patterns with, however, slight fractionation evidence
[(Gd/Luyn) = 1.50-1.68]. Both REE patterns exhibit substantial negative europium anomalies

(Ew/Eu* = 0.28-0.41) which are more prominent in REE pattern (2). The negative europium
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anomaly is indicative of plagioclase fractionation. The overall REE abundances of the two-mica
granitoid more or less coincide with the typical crustal derived granitoids (i.e. La = 20-100 x
chondrite, Yb = 0.5-8 x chondrite, Holtz, 1989; Williamson et al., 1996). The Bafoussam two-
mica granitoid REE pattern is more fractionated than that of the average REE pattern of high

Himalayan leucogranites (Inger and Harris, 1993) shown for comparison (Fig. 7.11D).

In summary, the total REE abundances of each granitoid type vary independently with
the SiO; content. Generally, the granitoids exhibit significant enrichment in light rare earth
elements (LREE) compared to heavy rare earth elements (HREE). The REE patterns are roughly
distinct, but some similarities are noticed between the biotite granitoid and the deformed biotite
granitoid on the one hand and between the mega feldspar granitoid and the two-mica granitoid
on the other hand. The biotite granitoid and the deformed granitoid samples containing
hornblende display high HREE fractionation. The REE patterns of the granitoids with general
high (La/Lu)y ratios reflect fractionation mainly of plagioclase and REE-rich accessory phases,

1.e. monazite, allanite.

Table 7.1: Summary of the rare earth element fractionation in the Bafoussam granitoids.

Granitoid type > REE (La/Lu)y (La/Sm)y (Ga/Lu)y (Euw/Eu*)y
Biotite granitoid 130 — 443 22.66 —37.81 3.23-9.65 1.81-3.75 | 0.72-1.08
Deformed biotite granitoid 151 -433 14.57-52.13 4.77-7.03 145-3.62 | 0.63-0.83
Mega feldspar granitoid 251 —-415 26.63 -42.21 4.41-6.52 2.88-4.47 0.44-0.77
Two-mica granitoid 54 -269 7.32 -58.82 3.33-5.22 1.50-5.54 | 0.27-041

7.3 Tectonic setting

The use of the geochemistry of granitoids as indicator for the tectonic setting or
environment has been extensively suggested in the literature (e.g., Pitcher, 1987; Pearce et al.,
1984; Bachelor and Bowden, 1985; Maniar and Piccoli, 1989; Barbarin, 1990, 1999; Pearce,
1996; Foerster et al., 1997). Following this approach, discrimination diagrams based mainly on

trace elements often in combination with major and rare earth elements have been proposed; they
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can help in the identification of the original tectonic settings of granitoids. However, the
geochemical distinction of tectonic settings for granite generation is often ambiguous; some
granitoids are not consistent with the specified -classification, exhibiting geochemical
compositions that do not conform to the tectonic setting in which they are thought to have

formed.

Four groups of granites are distinguished: the ocean ridge granites (ORG), the within
plate granites (WPGQG), the volcanic arc granites (VAGQG), the collisional granites (COLG). These
four groups belong to two major tectonic settings that are (1) divergence plate boundaries,
oceanic (oceanic ridge granites) and continental (within plate granites); and (2) convergence
plate boundaries, oceanic or continental, subduction-related (volcanic arc granites) and collision-

related (collisional granites).

The most widely used tectonic discrimination diagrams for granitoids, classifying them
into within plate, volcanic arc, ocean ridge and collisional types, were first proposed by Pearce et
al. (1984). In their plot of Nb (ppm) against Y (ppm), the biotite granitoid and deformed biotite
granitoid fall in the fields volcanic arc granites (VAG) + syn-collisional granites (syn-COLG)
and within plate granites (WPG), whereas the two-mica granitoid and mega feldspar granitoid
completely share the common field of volcanic arc granites and syn-collisional granite (Fig.
7.12A). Applying similar plot for Ta (ppm) versus Yb (ppm) that separates the syn-collisional
and the volcanic arc granites, the biotite granitoid and the deformed biotite granitoid plot into the
volcanic arc granites and within plate granites domains, the mega feldspar granitoid exclusively
plots into the volcanic arc granites field and finally the two-mica granitoid mostly falls into the

within plate granites field (Fig. 7.12B).

Moreover, in the Pearce et al. (1984) plot of Rb (ppm) versus Y + Nb (ppm), the analysed
granitoids straddle the boundary between the fields of syn-collisional granites (syn-COLG),
within plate granites (WPG) and volcanic arc granites (VAG) (Fig. 7.12C). Pearce (1996)
recognized that such ambiguities are in general distinctive for post-collisional granites (post-
COLG) (Fig. 7.12C). In a similar plot using Rb (ppm) and Yb + Ta (ppm), the majority of
analysed granitoids fall within the syn-collisional granites field (Fig. 12D).
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Figure 7.12: (A) Nb versus Y (ppm), (B) Ta versus Yb (ppm), (C) Rb versus Y + Nb (ppm) and
(D) Rb (ppm) versus Yb + Ta (ppm) tectonic classification diagrams for the Bafoussam
granitoids. Fields after Pearce et al. (1984) and Pearce (1996): WPG = within plate granites,
VAG = volcanic arc granites, syn-COLG = syn-collisional granites, ORG = ocean ridge
granites and post-COLG = post-collisional granites. The dashed line in (A) and (B) represents
the upper compositional boundary for ORG from attenuated continental lithosphere segments.
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Following Pearce et al. (1984), several others geotectonic classification diagrams have
been introduced such as the Rb/100-Tb-Ta (ppm) and Hf- Rb/30-Ta x 30 (ppm) triangular
diagrams after Thiéblemont and Cabanis (1990) and Harris et al. (1986), respectively. In the
Rb/100-Tb-Ta diagram (Fig. 7.13A), the biotite granitoid, the deformed biotite granitoid and the
mega feldspar granitoid share the common field of post-collisional and syn-subductional
granites, whereas the two-mica granitoid occupies the field of syn-collisional granites as in
Figure 7.13B in which the other granitoid groups plot rather into the volcanic arc granites

domain.

Tb Rb/30
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Figure 7.13: (A) Rb/100-Tb—-Ta (Thi¢blemont and Cabanis, 1990) and (B) Hf~Rb/30-Ta x 30
(Harris et al., 1986) tectonic discrimination diagrams for the Bafoussam granitoids, both
indicating that the two-mica granitoid is syn-collision related.

Furthermore, in the multicationic parameters R;—R, diagram after de la Roche et al.
(1980) with the geotectonic discrimination of Bachelor and Bowden (1985) (Fig. 7.14), the
biotite granitoid and deformed biotite granitoid are categorized mostly as syn-collision and late-
orogenic granites, and as related to post-collision uplift. In the same diagram, the mega feldspar
granitoid and the two-mica granitoid are exclusively classified as syn-collision granite. The sub-

alkaline trend of the investigated granitoids is portrayed in this diagram where the biotite
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granitoid, the mega feldspar granitoid and the two-mica granitoids plot into the field of the
monzonitic sub-alkaline magmatism, whereas the deformed biotite granitoid occupies part of the
sub-alkaline monzonitic field, part of the field of high-potassic calc-alkaline, and part of the calc-

alkaline and trondhjemitic domain as proposed by Lameyre and Bowen (1982).
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Figure 7.14: R, = 4Si—11(Na + K)-2(Fe + Ti) versus R, = 6 Ca + 2Mg + Al diagram after de la
Roche et al. (1980) displaying the geotectonic fields (Bachelor and Bowden, 1995) as well as
their petrological equivalents (Lameyre and Bowden, 1982): group 1, tholeiitic; group 2, calc-
alkaline and trondhjemitic; group 3, high-potassic calc-alkaline; group 4, sub-alkaline
monzonitic; group 5, alkaline and peralkaline.

The tectonic setting of the Bafoussam granitoids can also be inferred by the multi-
element spidergrams (Fig 7.15) which show the concentrations of K,O, Rb, Ba, Th, Ta, Nb, Ce,
Hf, Zr, Sm, Y and Yb normalized against those of the ocean ridge granites (ORG: Pearce et al.,
1984). The investigated granitoids generally display almost comparable multi-element patterns in
the spidergrams, with enrichment in K,O, Rb, Ba, Th, Ta, Nb and Ce and depletion in Hf, Zr,
Sm, Y and Yb with respect to the ORG. They demonstrate positive anomalies in Rb, Th, Ce and
Sm, and negative Ba anomalies. The negative Ba anomalies most pronounced in the mega
feldspar granitoid and in the two-mica granitoid are largely attributed to fractional crystallization
of K-feldspar and biotite. The granitoids are also characterized by pronounced negative
anomalies of Nb-Ta and Zr—Hf relative to neighbouring elements. These elements patterns

generally resemble those of "collision granites", including syn- and post-collision granites
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(Pearce et al., 1984). For comparison, typical syn- and post-collisional granite patterns after

Pearce et al. (1984) are also illustrated in Figure 7.15.
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Figure 7.15: Ocean Ridge Granites (ORG) normalized multi-element spidergrams of the
Bafoussam granitoids. For comparison, the compositions of typical syn-collision granites (syn-
COLQG, dashed areas) and post-collision granites (post-COLG, shadowed areas) after Pearce et
al. (1984) are shown. The Ocean Ridge Granites normalizing values are from Pearce et al.
(1984).

Although the granitoids described in this study formed in a continental collision-related
orogenic belt, the data generally occupy simultaneously different tectonic fields in the
discrimination diagrams (Figs. 7.12—14). The volcanic arc- and within plate-like geochemical
signatures, in addition to the syn- and post-collisional ones are considered to be more likely a

function of the source rocks that were melted than the specific tectonic setting in which the
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granitoids were generated. Nevertheless, Harris et al. (1986) argued that trace elements can be
considered as plausible discriminator of a tectonic setting in convergent continental zones with

collision, when lacking detailed structural study.

7.4 Genetic type: I-type and/or S-type?

Since Chappell and White (1974) introduced the concept of I- and S-type granites,
genetic links between granitoid types and the geodynamic environments in which they formed
have been the focus of many studies. They have demonstrated that the granite composition is
basically controlled by source rock compositions. The granitic rocks have then been divided
chiefly into I-, S-, M- and A-types, denoting their igneous or infracrustral, sedimentary or
supracrustal, mantle or mantle wedge and anorogenic or anhydrous sources, respectively
(Chappell and White, 1974: 1984; White, 1979; Loiselle and Wones, 1979). Later contributions
furnished further details and listed their major chemical and mineralogical characteristics and

field occurrences.

In the P,Os versus SiO; and Pb versus SiO; diagrams (Fig. 7.16A and B), P,Os decreases
with increasing SiO,, while Pb scatter but roughly increases with SiO,, both following the I-type
granite trend proposed by Chappell and White (1992) and Chappell (1999).

Using the NaO; versus K;O discriminate diagram (Fig. 7.16C) after Chappell and White
(1984: 2001), the majority of biotite granitoid and deformed biotite granitoid is of I-type, with
few of their samples which completely fall out of this field. In contrast, the mega feldspar
granitoid and two-mica granitoid tend to have more S-type characteristic. In general, the
compositions of more potassic samples overlap the boundary between I-type and S-type granites,
with the less-fractionated samples exhibiting I-type affinities. The term fractionated is generally
used for rock samples having higher Si, and lower Fe and Ca compared to those referred to as

unfractionated (Chappell, 1999; Norman et al., 1992).

The Aluminium Saturation Index was also employed by Chappell and White (1974) as a
special reference to deduce igneous (A/CNK < 1.1) or sedimentary origins (A/CNK > 1.1).
Applying this classification, the studied granitoids mainly constitute an I-type granitoid suite,

with however the majority of the two-mica granitoid samples seeming to have a sedimentary
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source as it is demonstrated in the A/CNK ( molar Al,O; / CaO + Na,O + K,0) versus Fe,O5*
(total Fe) diagram of Norman et al. (1992) (Fig. 7.16D).
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Figure 7.16: Genetic classification of the Bafoussam granitoids, showing their dominating
igneous source (I-type) associated with S-type. (A) P,Os versus SiO;, and (B) Pb versus SiO,
variation diagrams with the evolution vectors of I- and S-type granites (Chappell and White,
1992; Chappell, 1999). (C) Variation of Na,O versus K,O (Chappell and White, 1984: 2001).
(D) Aluminum Saturation Index (A/CNK = molar Al,03/CaO + Na,O + K;,0) versus Fe,O3*
(total Fe content) diagram, after Norman et al. (1992).

As proposed by Whalen et al. (1987) in some discrimination diagrams with K,O + Na,O,
FeO*/MgO, Zr or Nb versus 10000Ga/Al (Fig. 7.17A, B, C and D), the investigated granitoids
straddle the fields of A- and I-, S-, M-types, except in FeO*/MgO diagram where they occupy
only the field of I-, S- and M-types granites.
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Figure 7.17: (A) K;O + Na,O, (B) FeO*/MgO, (C) Nb, (D) Zr versus 10000 Ga/Al and
FeO*/MgO, (E) FeO*/MgO, (F) (K,O + NayO)/CaO versus (Zr + Nb + Ca + Y) genetic
classification diagrams for A-type granitoids (Whalen et al., 1987; Eby et al., 1990), showing
the intermediate position between I-, S-, M- and A-types of the Bafoussam granitoids.
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Furthermore, in the FeO*/MgO and (K,O + Na,0)/CaO versus Zr + Nb + Ce + Y diagrams (Fig.
7.17E, F: Wahlen et al., 1987; Eby, 1990), the studied granitoids variably overlap simultaneously
the fields for fractionated I-type granites, unfractionated I-, S- and M-type granites and A-type

granites.

The discrimination diagrams used show significant compositional overlaps of the
investigated granitoids in the different genetic-type fields and reflect the difficulty of definitive
recognition of the different genetic types. However, their genesis in a continental collision-
related orogenic belt enables a first constraint to I- and/or S-type (White and Chappell, 1983;
Barbarin, 1999). Furthermore, the major mineralogical and geochemical features for the
granitoids under study as summarized in Table 7.1, combined with the field relationships clearly
suggest that they belong to I-type, except the two-mica granitoid which is most likely to be S-
type. The similarities of the Bafoussam I-type granitoids with the A-type in term of high (K,O +
NaO), Ga/Al and ZNCY (Zr + Nb + Ce + Y) as illustrated in Figure 7.17 indicate that they
belong to the fractionated felsic I-type (King et al., 1997; Chappell, 1999). This is supported by:
(1) some transitional compositions noticed between the I-type granitoids and the two-mica S-
type granitoid, caused by the more felsic, potassic and slightly peraluminous character of the I-
type granitoids; (2) the absence of hornblende and the negative correlation between P,Os and
Si0, (Fig. 7.16A) due to the fractionation of apatite in the absence of Y-bearing accessory
minerals in the studied I-type granitoids (Chappell and White, 1992: 2001); and (3) their mid-
alkaline nature portrayed in Figure 7.4 (Sylvester, 1989).

7.5 Fractional crystallization processes

Even though mineral fractionation is shown above by the major and trace elements linear
variation (Fig. 7.3; Fig. 7.10; Fig. 7.15) and the REE patterns (Fig. 7.11) as a magmatic process
in the evolution of the Bafoussam granitoids, its extent and the influence of the most abundant
minerals such as plagioclase, potassium feldspar, biotite and amphibole and accessory minerals
need to be evaluated. The behaviour of Rb, Sr and Ba (Fig. 7.18) is then useful and could help to
distinguish fractional crystallization from partial melting or more complex processes (e.g.,
assimilation, magma mixing, restite unmixing) that are mostly controlled the magmatic evolution

(Hanson, 1978: 1989).
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Table 7.2: Comparison of the geochemical and the mineralogical characteristics of S-type and I-type granites (Chappell and White, 1974: 1992:
2001; White and Chappell, 1983) with the Bafoussam granitoid rocks.
Notes: —: absent; n.d: not determined
* Molar Al,03/(CaO + Na,O + K,0)

Bafoussam granitoids
Biotite Deformed biotite Mega feldspar Two-mica I-type granites S-type granites
granitoid granitoid granitoid granitoid
Si0O, (wt. %) 56.91 — 74.60 58.24 —73.55 70.42 —73.74 71.33 -74.55 wide variation range, 53 — 76 restricted, relatively high
(> 65)
K,0/Na,O 0.70 —2.25 0.37-2.86 0.89 —1.88 1.18-1.90 low, <1 high, >1
CaO (wt. %) 0.82-4.59 0.84 —4.60 1.21- 1.86 0.37-1.17 high low
A/(CNK)* 0.67—-1.06 0.80 - 1.06 1.01-1.05 1.05-1.25 | low, <l.1 metaluminous (peraluminous | high, > 1.1 peraluminous
for only fractionated I-type)
Initial *’Sr/*Sr | 0.706 — 0.708 nd 0.705 —0.709 0.708 — 0.720 low, 0.704 — 0.706 high, >0.708
eNd 0.2 t0—-6.3 nd —5.6t0o—-12.1 -9.91t0-14.0 high, +3.5to - 8.9 low, <-5.8
Minerals + hornblende + hornblende no hornblende garnet hornblende, Cordierite
magnetite magmetite magnetite ilmenite clinopyroxene garnet
titanite titanite titanite muscovite magnetite ilmenite
titanite
CIPW norm
Corundum 0.12-1.14 0.22-1.10 0.22 - 1.06 1.18 -3.02 c<1%ordi c>1%
Diopside 0.01-0.74 0.02-4.74 - -
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In a logarithmic diagram of Rb versus Sr (Fig. 7.18A), it appears that the behaviour of Rb
changes during magmatic differentiation and is reflected by a slight decrease of Rb concentration
in the least evolved samples, whereas Rb increases in the silica-rich samples with a continuous
decrease of Sr concentration from about 1050 to 30 ppm. Sr and Ba are roughly compatible, and

their concentrations decrease sharply during the evolution of magma, describing a linear array

(Fig. 7.18B).
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Figure 7.18: Logarithmic plots of (A) Rb versus Sr, (B) Sr versus Ba and (C) Rb/Sr versus
Sr/Ba variation diagrams for the Bafoussam granitoids, showing that the plagioclase was the
main fractionating phase in the course of differentiation. The vectors denote the influence of
fractionation of plagioclase (P1), potassium feldspar (Kfs), hornblende (Hbl) and biotite (Bt) on
the evolution of the studied granitoids; melts governed by fractionation of a specific mineral
will evolve in the direction of the arrowhead.

The Rb/Sr versus St/Ba plot (Fig. 7.18C) shows a slight decrease of Sr/Ba ratio and a rapid
increase of the Rb/Sr ratio from the low- to the high-silica members. According to the summary
of Hanson (1978), these observations express the fractionation of plagioclase and potassium

feldspar as the important phases in the course the magmatic evolution of the I-type granitoids,
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whereas the separation of biotite was less pronounced in the early and later stages, respectively.
As for hornblende, it surely played a significant role, at least during the first magmatic stage
(decreasing CaO and MgO with increasing SiO;). Moreover, the decrease of V, Ti, Zr and P,0Os
respectively reveals that the separation of iron oxide minerals, titanite, zircon and apatite appears
to have controlled the variation of these elements. The two-mica granitoid displays internal

feldspars fractionation.

A fractionation process including REE-rich accessory phases such as apatite, titanite,
zircon, allanite and monazite is less expressed in the REE patterns, although these accessory
minerals are largely present in the granitoids described in this study. However, in (La/Lu)y
versus (Eu/Eu*)y and (La/lu)y versus Lan (Fig. 7.19A and B) diagrams, the variation of REE
contents seems to be consistent with the fractionation of zircon and to lesser extent, apatite and
titanite and allanite during the evolution of I-type granitoids. The separation of monazite and

zircon was significant in the two-mica granitoid (Fig. 7.19 B).
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Figure 7.19: (A) (La/Lu)y versus (Eu/Eu*)y and (B) (La/Lu)y versus Lay diagrams showing the
variation of REE contents by the fractionation of accessory minerals, particularly zircon. The
arrows indicate the effect of fractional crystallization of allanite (Aln), apatite (Ap), monazite
(Mnz), titanite (Ttn) and zircon (Zrn) on the composition of residual liquids and point towards
the melt direction governed by each of these minerals.
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To summarise, fractional crystallization of feldspars, biotite, zircon, titanite, apatite and
iron oxides minerals has played considerable role during the formation of the diverse I-type
Bafoussam granitoids. The variation of major elements was primarily controlled by the
fractionation of biotite and feldspars. The latter also influenced the Rb, Sr, and Ba abundances.
The REE variation was performed by the fractionation of zircon, apatite, titanite, allanite and
monazite. The general mineralogical and geochemical evolution in these granitoids is consistent
with fractional crystallization from quartz-monzodiorite, granodiorite, quartz monzonite,
monzogranite, quartz-syenite, syenogranite to alkali-feldspar granite (Fig. 7.11D; Fig. 7.15D;
Fig. 7.18; Fig. 7.19). On the other hand, the two-mica granitoid which result from a distinct
parental magma has also experienced internal fractionation of feldspar, monazite and zircon.
Partial melting of heterogeneous sources or more complex processes (e.g., assimilation, magma

mixing, restite unmixing) in the magmatic evolution of these granitoids are not demonstrated.

Considering the major, trace and REE element data, the following preliminary conclusion
emerge:

(1) The granitoids under study display a wide range of SiO, (56.9-74.6 wt. %) and have
high values of alkalis (K,O + Na,O = 6-11 wt. %), total Fe, Fe;03 (0.96-7.8 wt. %) and Al,O3
(12.0-17.6 wt. %), but low MnO, MgO, CaO and TiO; contents. Trace element chemistry shows
variable abundances in large ion lithophile elements (LILE) and high-field-strength elements
(HFSE), with the LILE being higher in intermediate granitoids and the HFSE in contrast higher
in silica-rich granitoids. The granitoids are enriched in light- relative compared to heavy-REEs,
with small to significant negative Eu anomalies. Ocean ridge granites (ORG) normalized multi-
elements spidergrams display typical collision-related granites pattern, with characteristic
negative anomalies of Ba, Nb and Y, and positive anomaly in Rb, Th and Sm.

(2) The granitoids exhibit chemical characteristics of non-alkaline to mid-alkaline, calc-
alkaline, mostly alkali-calcic, high-K, ferriferous affinities and are of two different genetic types:
I-type, including the biotite granitoid, the deformed biotite granitoid and the mega feldspar
granitoid, and S-type represented exclusively by the two-mica granitoid. I-type granitoids show a
wide compositional range, comprising syenogranite (major), alkali-feldspar granite, granodiorite,
monzogranite, quartz-syenite, quartz-monzonite to quartz-monzodiorite. They are metaluminous
(ASI=0.70-1.0) or moderately peraluminous (ASI = 1.01-1.06) for highly fractionated samples.

The variation in composition within the I-type granitoids is probably related to the fractional
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crystallization of feldspar, biotite, zircon, titanite, apatite and iron oxides minerals. The two-mica
S-type granitoid is peraluminous. It shows permanent presence of corundum (0.12-3.03) in its
CIPW normative composition. The fractionation of feldspars, monazite and zircon was
considerable in the two-mica granitoid.

(3) The calc-alkaline and the peraluminous nature of the Bafoussam granitoids are in
good accordance with the chemical composition of the biotite (Fig. 4.2A and B).

(4) The investigated granitoids have chemical features of syn- and post-collisional, within
plate and volcanic arc tectonic environments. Since they emplaced in an orogenic belt, the
volcanic arc and within plate signature are then believed to have been inherited from their source

rocks.
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8 ISOTOPE CHARACTERISTICS

The concentrations and the wvariations in whole-rock isotopes allow a further
discrimination of the Bafoussam granitoid groups. Therefore, twenty-four samples have been
analysed for their Sr and Nd whole-rock isotope compositions, including eight samples of the
biotite granitoid, eleven samples of the mega feldspar granitoid and five samples of the two-mica
granitoid. The data of Rb—Sr and Sm—Nd isotope analyses of the granitoids are listed in Tables
A.4.1 and A.4.2 in the Appendix A.4. The analytical techniques are summarized in the Appendix
A.1.4. Samples of the deformed biotite granitoid have been excluded from the radiogenic isotope
analyses, as the deformation could have potentially induced considerable changes in minerals

and in isotopic abundances.

In the approach here adopted, the whole-rock isotope data from the investigated
granitoids can be used as tools to: (1) determine ages of magmatic crystallization; and (2) to
complete the petrogenetic model developed on the basis of major and trace element data by the

important information concerning the magmatic sources.

8.1 Rubidium—Strontium dating method

Rubidium (Rb) is member of the alkali metal group which occurs in nature with two
isotopes: radioactive ¥Rb and stable *’Rb. *’Rb decays with a half-live of 4.8 x 10" years to *’Sr
by negative beta particle emission. Strontium (Sr) is an alkaline element and has four naturally
occurring isotopes (**Sr, ¥’Sr, **Sr and **Sr), all being exclusively stable. The precise isotopic
composition of Sr in a rock which contains Rb depends on its age and Rb/Sr ratio. This is the

basis for the Rb—Sr dating method, using the following expression:

(*'St/%S1)m = (7St/*St)initiat + 'R/*S1)y (€4-1) (8.1)
where:
*7S1/*°Sr) = measured present-day isotopic ratios of the rock
*7St/*°Sr)initial = ratio of the rock at the time of its formation
(*’Rb/*Sr),, = measured present-day isotopic ratios of the rock
A= decay constant of *’Rb, having a conventional value of 1.42

x 107" y'! (Steiger and Jager, 1977)
t= age of the rock in years
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The Rb—Sr dating method is applicable only for a suite of cogenetic samples, 1.e.: samples
resulting from the same parental magma, assuming that they have the same initial *’St/**Sr ratio.
The age (7) of the cogenetic samples is calculated from a plot of measured (*'Sr/*Sr)y, versus
(*’Rb/**Sr),, ratios in which the sample points fit to a straight line called isochron. All the sample
points on the isochron represent systems having the same age and the same initial *’Sr/*°Sr ratio.
The slope of the isochron is related to the age of the cogenetic samples, whereas the value of the
initial ¥’Sr/*Sr ratio is given by the intercept of the isochron with the (*’Sr/*Sr),, axis on the
*’St/**Sr), versus (*'Rb/*Sr), diagram. The age calculations and statistical assessment of the
data have been done here utilizing the geochronological statistical software package Isoplot/Ex

(version 2.45) of Ludwig (2000).

The biotite granitoid samples give an age of 540 + 27 Ma with ¥'Sr/*Sr initial ratio of
0.7075 £ 0.00022 and a MSWD (Mean Squares of Weighted Deviates) value of 0.39 (Fig. 8.1A).
The mega feldspar granitoid samples define an isochron at 587 + 41 Ma, an initial *’St/**Sr ratio
of 0.7077 £0.0016 and a MSWD value of 1.5 (Fig. 8.1B). For the two-mica granitoid, an
isochron age of 663 + 62 Ma with an ¥’Sr/**Sr initial ratio of 0.7012 + 0.0091 and a MSWD
value of 0.2 is obtained (Fig. 8.1C).

Based on the MSWD values, the ages obtained for biotite granitoid (540 + 27 Ma), mega
feldspar granitoid (587 + 41 Ma) and two-mica granitoid (663 + 62 Ma) are considered as real
1sochrons (Brook et al., 1972; Wendt, 1993), although the two-mica granitoid age calculation
exhibits a large uncertainty. Similar Pan-African Rb—Sr whole-rock isochron ages have been
recorded from the neighboured granitic plutons (e.g., 603—606: Tchouankoué, 1992; 575 + 17
Ma: Kwekam, 1993; 657 + 08 Ma: Tagne-Kamga, 1994; 576 + 24 Ma: Talla, 1995) and from the
other granitoids within the Neoproterozoic belt of Cameroon (e.g., Lasserre et al, 1981a: b;
Toteu et al., 1987), as shown by the available geochronological data for the Pan-African
granitoids within the Neoproterozoic belt of Cameroon (Table 1.1 and 1.2). The ages obtained
from the other plutonic complexes in West Cameroon have been considered as intrusion or
crystallization ages. If all three groups of investigated granitoids are considered together, the
isochron including all samples yields a model age of 613 + 18 Ma, an initial *’Sr/**Sr ratio of

0.7066 + 0.00054 and a MSWD value of 1.8 (Fig. 8.1D).
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Figure 8.1: Rb—Sr whole-rock isochron diagrams for the Bafoussam granitoids. (A) Biotite
granitoid, (B) Mega feldspar granitoid, (C) Two-mica granitoid; (D) All three granitoid groups
together.

8.2 Samarium-Neodymium dating method

Samarium (Sm) and neodymium (Nd) belong to the light rare earth elements. Sm occurs

in the nature with five isotopes, of which '*’Sm is radioactive. The neodymium has seven stable
P y

144

isotopes with “'Nd being more abundant. As long as the system containing the neodymium

'4Nd remains unchanged and is therefore used as stable reference

remains closed, the amount of
isotope. The two elements are linked in a parent—daughter relationship by the alpha decay of
'7Sm to the stable '**Nd with a half-life of 1.06 x 10'' years (Lugmair and Marti, 1978). The

decay of '*’Sm and the production of '**Nd are quantified by the equation:

(143Nd/144Nd)m _ (1431\1(1/1441\1(1%“itial " (147Sm/144Nd)m(eM—l) (8.2)

where:
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("“®°Nd/'"**Nd),, = measured present-day isotopic ratio of the rock
Nd/ 144Nd)initial = ratio of the rock at the time of its formation
'Sm/**Nd),, = measured present-day isotopic ratio of the rock
A= decay constant of '*’Sm having a conventional value of 6.54
x 10"y (Lugmair and Marti, 1978).
t= age of the rock in years

The age determination using the Sm—-Nd method is commonly done by analyzing
separated minerals or cogenetic suites of rocks whose Sm/Nd ratios vary sufficiently to define a
slope of an isochron in coordinates of '*Nd/'**Nd and '*’Sm/'**Nd. The Sm-Nd isochrons are
based on the same reasoning as the above Rb—Sr isochron and the geochronological statistical
software package Isoplot/Ex (version 2.45) of Ludwig (2000) has been also used for the Sm—Nd

age calculations of the granitoids.

The abundance of radiogenic 143Nd, and hence the '"Nd/"*Nd ratio of the Earth, has
increase with time due do the decay of '*’Sm to '**Nd. The evolution of the '**Nd/"**Nd ratio of
the Earth is referred to a model termed Chondritic Uniform Reservoir (CHUR: DePaolo and
Wasserburg, 1976). This model assumes that total terrestrial Nd has evolved in a uniform
reservoir whose Sm/Nd ratio is equal to that of the chondritic meteorites. The CHUR has a
present '*Nd/'**Nd ratio of 0.512638 when corrected to '*°Nd/'**Nd ratio of 0.7219 ("**Nd is
one of the seven neodymium stable isotope), and the present '*’Sm/'**Nd ratio of CHUR is
0.1967 (Jacobsen and Wasserburg, 1980; Faure, 1986). The '*Nd/'**Nd ratio of the CHUR at
any other time ¢ in the past can be then calculated and the linear evolution of neodymium in

CHUR is expressed by the equation:

(BNA/MNAY cur = (PNB N ek — (Y7Sm/ ™ NdY enor x (€7 — 1) (8.3)
where:
("“PNd/"**NdY cur = isotopic ratio at any time in the past
("“®Nb/"*Nd) chur = isotopic ratio at present time, equal to 0.512638
(Jacobsen and Wasserburg, 1980)
(147Sm/ 144Nd)OCHUR = isotopic ratio of CHUR at present time, equal to
0.1967 (Jacobsen and Wasserburg, 1980)
A= decay constant of 147Sm equal to 6.54 x 107 y

(Lugmair and Marti, 1978)
t = the age of the rock
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The "’Sm/'**Nd ratios of the analysed samples broadly fit into the typical range for the
crust (Taylor and McLennan, 1985; Samson et al., 1990), with values of 0.088-0.126. However,
two samples of the two-mica granitoid have unrealistic high '*’Sm—'**Nd ratios (0.162 and
0.180) possibly due to the fractional crystallization of accessory minerals such as garnet or
monazite which are present in the Bafoussam two-mica granitoid. These samples having

anomalously high Sm-Nd ratios ('*’Sm/'"**Nd > 0.160) have not been further considered.

As is demonstrated in the '*Nd/'**Nd versus "*’Sm/'**Nd diagram (Fig. 7.2), the studied
granitoid data do not defined a straight line. The scatter of the data points and the small range in
their "*’Sm/'**Nd ratios (Faure, 1986; DePaolo, 1988) exclude a calculation of an isochron
through regression. This salient feature has already been noticed in Pan-African granitoids in the

Cameroon Neoproterozoic belt (e.g., Toteu et al., 2001; Tagne-Kamga, 2003; Nzolang, 2005).
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Figure 8.2: "“Nd/"*Nd versus '*’Sm/'**Nd variation. The scatter of data points displayed does
not allow for any reasonable isochron age.

8.2.1 Epsilon Nd parameter and depleted mantle model ages

DePaolo and Wasserburg (1976) introduced the epsilon Nd parameter (¢ng) to compare
the differences between the '**Nd/"**Nd ratios of rocks and the Chondritic Uniform Reservoir
(CHUR), and to provide information about the rock genesis. The eng values are defined as

follows:
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e'na = [(*PNd/M™NA) o/ (P Nd/M*NAY ciur — 1] x 107 (8.4)
%4 = [(PNA/M**ND)™ o/ (PN N cpur — 1] x 107 (8.5)
where:
g'ng = initial epsilon value at time ¢ (commonly, ¢ is the
crystallization age of a rock derived from the U-Pb isotopic
_ analysis)
("®Nd/'"**Nd)',oec = initial isotopic ratio of the rock at time ¢

(143Nd/ 144Nd)tCHUR = isotopic ratio of CHUR calculated for time ¢

SONd = present time epsilon value

("®Nd/"**Nd)™ o = measured isotopic ratio of the rock

("®Nd/"**Nd)’cur = isotopic ratio of the CHUR at present time,equal to
0.512638 (Jacobsen and Wasserburg, 1980)

For the Bafoussam granitoids, &'xg was calculated at time ¢ equal to 600 Ma [exa(600)], as
this age roughly represented the time of the Pan-African metamorphism and the
contemporaneous magmatism within the Cameroon Neoproterozoic belt (Toteu et al., 1994:
2001). The biotite granitoid has the highest eng(600 Ma) values (0.2 to —6.3), followed by the
mega feldspar granitoid (5.6 to —12.1) and the two-mica granitoid (9.9 to —14.0). Such a large
negative range of eng(600 Ma) is in good agreement with a magma derived from enriched mantle
or a crustal source, which has a lower Sm/Nd ratio compared to that of CHUR (Clarke et al.,
1988; Rollinson, 1993). Two samples of the biotite granitoid show near-chondritic exg(600 Ma)
values of 0.2 and —0.1, indicating their relative juvenile rather than recycled character. The
generally negative and broad range of initial exg(600 Ma) values of the Bafoussam granitoids
point to their long crustal evolution. The exg(600 Ma) and the exg(0) values for individual

samples are given in Table A.4.2 in the appendix A .4.

The depleted mantle Nd model age (Tpy) was introduced by DePaolo (1981) and is
taken to reflect the time elapsed since a rock sample or more precisely its Nd, was extracted from
the depleted mantle reservoir, assuming that the Sm/Nd ratio of the sample has not been
modified by fractionation after its separation from the mantle source. The depleted mantle is
attributed to the paucity of Nd, hence to an elevated Sm/Nd ratio in the mantle over time since it
is continuously sampled by the crust. The Tpy is a powerful method for estimation of the crust

formation age for igneous rocks (Rollinson, 1993) and it is obtained by the follows expression:

TDM — 1/7\1 X ln{[(143Nd/144Nd)mrock_(143Nd/144Nd)ODM/(147sm/144Nd)mrock_(147sm/144NdODM)] + 1 }
(8.6)



8 Isotope characteristics 147

where:

A= decay constant for '¥’Sm to '**Nd, equal to 6.54 x 107% yr’!
(Lugmair and Marti, 1978)

("“®°Nd/"**Nd)"oex = measured isotopic ratio of the rock

("PNd/M*Nd) py = isotopic ratio of depleted mantle (DM) at present time equal
to 0.513114 (Michard et al., 1985)

("7Sm/M**Nd)™ o = measured isotopic ratio of the rock

("'Sm/"**Nd)’pm =  isotopic ratio of depleted mantle at present time equal to
0.222 (Michard et al., 1985)

The calculated Tpy ages of the Bafoussam granitoids are presented in Table A.4.2 in the
Appendix A.4. The biotite granitoid yields the younger Tpy ages ranging from 1.3 to 1.6 Ga than
the mega feldspar granitoid and two-mica granitoid with Tpy ages of 1.5-2.1 Ga and 2.1-2.3 Ga,
respectively. As expected, the two samples of two-mica granitoid with anomalous high '*’Sm—
N ratios give erroneous Tpy ages (3.4 and 4.9 Ga). These samples could by explained by
"two-stage" evolution model. The eng(600 Ma) versus age (Ga) diagram (Fig. 8.3) portrays the
evolution lines of the Bafoussam granitoids and the corresponding model ages. None of the
analyzed granitoids exhibits mean crustal residence (7pvm) ages close to their obtained
emplacement ages through Rb—Sr dating method, suggesting that they are predominately crustal
melts derived from anatexis of Meso- to Paleoproterozoic crust. The degree of reworked

Proterozoic and possibly a juvenile mantle-derived component may vary considerably.
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Figure 8.3: Initial exg(600 Ma) as a function of age diagram showing the evolution of the
Bafoussam granitoids and their probable sources, the evolution of the undifferentiated Earth
(CHUR: DePaolo and Wasserburg, 1976) and depleted mantle (DM: Goldstein et al., 1984).
The diagram also shows the evolution trends of the individual samples.
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8.3 Combined Nd - and Sr -isotopes and geodynamic implications

DePaolo and Wasserburg (1976) have demonstrated that the '**Nd/'**Nd and ¥'Sr/*Sr of
young oceanic basalts (e.g., along mid-ocean ridges, on oceanic islands) form a strong
correlation array, the "Mantle array". This was the basis for the introduction of an *’Sr/**Sr ratio
for the bulk earth complementary to the Nd data. The evolution of the *’Sr/**Sr ratios of the earth
1s named Uniform Reservoir (UR: DePaolo and Wasserburg, 1976), the present value of which is

0.7045 (Faure, 1986). The Sr epsilon parameter (es;) similar to that defined for Nd is expressed

as follows:
&'sr = [(F7S/*°Sr) oer/ (V'ST/*Sr) Ur — 1] x 10° (8.7)
2% = [(*'St/*°S1) e/ (V' S1/*°S1) g — 1 ] x 10° (8.8)
where:
gy = initial epsilon value at time ¢ (commonly, ¢ is the
crystallization age of a rock derived from the U-Pb isotopic
' analysis)
(87Sr/86Sr)lmck = initial isotopic ratio of the rock at time ¢
*7St/*°Sr)'ur = isotopic ratio of the Uniform Reservoir (UR) calculated for
time ¢
Sosr = present time epsilon value
7St/ OSr) ™ ek = measured isotopic ratio of the rock
*7St/*°Sr) g = isotopic ratio of UR at present time taken equal to 0.7045

(Faure, 1986)

Like the Nd epsilon parameter, the g's, of the Bafoussam granitoid was calculated for a
time ¢ equal to 600 Ma [gs(600)]. The Bafoussam granitoids display positive €s(600 Ma) values,
ranging between 2652 in the biotite granitoid, 16—68 in the mega feldspar granitoid and 55-229
in the two-mica granitoid. The &5/(600 Ma) and the calculated &s(0) values for each analysed
sample are reported in Table A.4.1 in the Appendix A.4. In igneous rocks, a moderate to high
positive value of &5/(600 Ma) argues for a magma source with a higher Rb—Sr than UR, an
enriched mantle or a crustal source (Rollinson, 1993). Typical continental crustal rocks have
lower Sm/Nd ratio and hence the "*Nd/'**Nd ratios (negative ¢Nd values) than those derived
from the upper mantle. As a consequence, combined Nd—Sr isotopic studies possibly provide a

powerful tracer for contamination of parent magmas by continental crust rocks.
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8.3.1 Two components mixing and assimilation — AFC process

Geological activity that involves two component mixtures having different isotopic and
element compositions gives a hyperbolic curve in a diagram of initial isotopic ratios against the
element concentration of the same element, or a straight line when the element concentration is
substituted by 1/element concentration (e.g., 1/Sr, 1/Nd; Faure, 1986: 1998). Therefore, the
compositional variation of the Bafoussam I-type granitoids through a possibly contamination of
their parent magma by crustal component can be evaluated. In 87Sr/868r(600 Ma) Versus Sr (ppm)
plot (Fig. 8.4A), the data points of the biotite granitoid and mega feldspar granitoid does not
show any hyperbolic curvilinear trend. The lack of a distinct curve suggests that the mixing

process has no or little influence during the genesis and evolution of the I-type granitoids.
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Figure 8.4: Check of a possible binary mixing process involving the Bafoussam granitoids: (A)
Plot of *St/**Sr 00 Ma) Versus Sr abundances (ppm) lacking a clear mixing hyperbolic pattern.
(B) Initial *'Sr/ 6Sr(600 Ma) versus 1/Sr (ppm™) and (C) eng(600 Ma) versus 1/Nd (ppm™)
displaying an approximately rectilinear mixing trend. (D) '*Nd/'**Nd versus *’Sr/**Sr present
day values.
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This is supported by the absence of well-developed mixing rectilinear trend in the 87Sr/86Sr(600 Ma)
versus 1/Sr (ppm™) and €Nd(600 Ma) versus 1/Nd (ppm™) plots (Fig. 8.4B, C). Moreover, Sr—Nd
isotopic mixture is not displayed by the '*Nd/"**Nd versus *’Sr/**Sr diagram where the data

points do not also manifestly define the standard hyperbolic curve trend (Fig. 8.4D).

Assimilation and combined fractional crystallization (AFC—process) of magma has been
recognized as being a common petrogenesis process of calc-alkaline magma series (DePaolo,
1981; Roberts and Clemens, 1995). Plots of 87Sr/86Sr(600 Ma) Tatios and exg(600 Ma) against SiO,
abundances have been emphasized for identification of an assimilation—AFC character (Stosch,
2001). Generally, assimilation—AFC process involving a parent magma and crustal contaminant
of different isotopic compositions is reflected in a positive correlation trend between initial

87Sr/868r(600 Ma) and Si0O» and in contrast, negative correlation between eng(600 Ma) and SiO».

In the plot of 87Sr/86Sr(6oo Ma) versus Si0; (wt. %), the I-type granitoids exhibit no
considerable change in initial 87Sr/86Sr(600 Ma) With increasing SiO, (Fig. 8.5A). In the exg(600
Ma) versus Si0, diagram on the other hand, the granitoid samples do not defined a continuous
negative trend. The data points form two distinct groups: (1) high exg(600 Ma) which increase
with increasing SiO, for the biotite granitoid; and (2) low initial exg(600 Ma) for the mega

feldspar granitoid which exhibits almost constant SiO, concentrations (Fig. 8.5B).
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Figure 8.5: Check of a possible assimilation—AFC process involving the Bafoussam granitoids.
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diagrams no assimilation trend is defined.
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This indicates that the genesis of the I-type granitoids seem to have not been governed by the

assimilation—AFC process.

The plot of exg(600 Ma) versus €s,(600 Ma) can also be used for I- and S- type granites
classification, and further for identification of petrogenetic processes involving both crustal and
mantle contribution as suggested by McCulloch and Chappell (1982). In this isotope correlation
diagram (Fig. 8.6), the data of the Bafoussam granitoids are grouped in two separated fields in
the lower right quadrant of the diagram. The two fields represent the I-type granitoids field,
including the biotite granitoid and the mega feldspar granitoid, while the two-mica granitoid
refers to the field of S-type granitoid. This separation is consistent with that mentioned from
their mineralogical and chemical characteristics. The studied granitoid fields are distinct from the
fields of I- and S- type granites from the Lachan Fold Belt, SE Australia (McCulloch and
Chappell, 1982).
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Figure 8.6: exg(600 Ma) versus €5,(600 Ma) diagram showing the distribution of the Bafoussam
granitoids relative to I- and S- type granites from Australia (McCulloch and Chappell, 1982). A
mixing line between depleted mantle component and crustal component does really fit the
Bafoussam granitoids array. CHUR: Chondritic Uniform Reservoir, UR: Uniform Reservoir.
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The granitoids have in part lower exg(600 Ma) values. Consequently, they do not fit the mixing
curve trend from crustal values toward positive exa(600 Ma) and low initial *’Sr/**Sr (600 Ma)
pointing to the involvement of a depleted mantle component as documented by the I- and S-

type granites of the Lachlan Fold Belt.

In the exg(600 Ma) versus 87Sr/868r(600 Ma) diagram (Fig. 8.7), the biotite granitoid and the
mega feldspar granitoid plot on the continuation of the mantle array with slightly shift to the
right side of the mantle array, far away from the fields for the lower continental crust (LCC) and
the upper continental crust (UCC). The shift of some data points from the mantle array suggests
a slight contamination by UCC during the magma ascent. For the two-mica granitoid, the data

points plot near and on the UCC field, pointing to their crustal genesis.
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Figure 8.7: eng(600 Ma) versus 87Sr/86Sr(6oo Ma) variation for the Bafoussam granitoids. Isotopic
composition fields of the lower continental crust (LCC) and upper continental crust (UCC) are
from DePaolo and Wasserburg (1979), Rollinson (1993). CHUR: Chondritic Uniform
Reservoir, UR: Uniform Reservoir

The initial *’Sr/**Sr versus age (Ma) evolution lines in the frame of depleted mantle,
enriched mantle and continental crust are illustrated in Figure 8.8. The entire investigated
granitoids plot between the enriched mantle and the continental crust, except one sample of two-
mica granitoid which falls above the continental crust evolution line. The strontium evolution
lines are not parallel to the enriched mantle and increase steeply from biotite granitoid, mega
feldspar granitoid to two-mica granitoid. This reflects an enriched mantle source for the parent

magmas of the Bafoussam granitoids that has been variably influenced by continental crust of
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different initial *’Sr/**Sr with the crustal material being more pronounced in two-mica granitoid

(Rollinson, 1993; Schulz et al., 2004).
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Figure 8.8: Tnitial *’Sr/*°Sr versus age diagram showing the evolution of the Bafoussam
granitoids. Depleted mantel, enriched mantel and continental crust growth curve are after
Rollinson (1993). Evolution trends of individual samples are also shown. The arrows point to
the measured present day *'Sr/**Sr values.

In summary, the biotite granitoid and the mega feldspar granitoid yield whole rock Rb—Sr
1sochron ages of 540 + 27 Ma and 587 + 41 Ma, respectively. These ages fit with range of the
emplacement age of the Pan-African plutonic rocks in West Cameroon (650-530 Ma: see Table
9.1) and are considered as representing emplacement ages of the granitoids. The Rb—Sr whole-
rock isochron age of 663 + 62 Ma is reported for the two-mica granitoid. This age is older than
the emplacement ages obtained for other peraluminous granitoids documented in the Cameroon
Neoproterozoic belt. In East Cameroon, the leucogranites yielded Rb—Sr whole-rock isochron
emplacement ages of 614 + 41 Ma and 621 = 15 M (Soba et al., 1991). Emplacement CHIME
ages of 530 £ 9 Ma and 510 £ 25 Ma have been reported for the two-mica granitoid and
magnetite-bearing two-mica granitoid from the Nkambe area (West Cameroon: Tetsopgang,
2003). The older age of the studied two-mica granitoid could be explained by the presence of

inherited Rb/Sr isotopic ratio. This is also suggested by the very steep evolution lines of some
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two-mica granitoid samples in the Figure 8.8. The 663 £ 62 Ma isochron age reported for the
two-mica granitoid is thus regarded as a mixing age and is hence meaningless. Nzolang (2005)
obtained a cooling Rb—Sr biotite whole-rock isochron age of 536 = 2 Ma for the Bantoum
leucogranite, neighbouring of the Bafoussam area. The contamination process expressed by
magma mixing or assimilation—AFC seems to have not affected the parent magma of the I-type
granitoids. The Nd-Sr isotopic data of the investigated granitoids are suggestive of their
heterogeneous sources as highlighted by the general data point dispersion. The depleted mantle
Nd model age (Tpm) ranging between 1.5 and 2.3 Ga indicate that older, pre-Pan-African
(Eburnian) crustal material played an important role in the generation and evolution of the
granitoid melts. The 7py range for the Bafoussam granitoids well matches the presence of
remnants of Paleoproterozoic rocks within the Neoproterozoic belt of Cameroon (Penaye et al.,

1993: 2004; Toteu et al., 2001).
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9 DISCUSSION AND CONCLUSIONS

9.1 Granitoids origin and petrogenesis

The mineralogical and geochemical features summarized in Table 7.1 indicate that the
biotite granitoid, deformed biotite granitoid and mega feldspar granitoid are essentially of I-type,
whereas the two-mica granitoid displays characteristics of S-type granites. In the absence of
direct source rock indicators (e.g., xenoliths), the determination of magma source or protolith

composition has to be largely based on indirect geochemical and isotopic constraints.

9.1.1 I-type granitoids

The close similarity of the different I-type granitoids (biotite granitoid, deformed biotite
granitoid and mega feldspar granitoid) including their alkali-calcic, high-K calc-alkaline,
ferriferous and metaluminous to peraluminous affinities (Figs. 7.6—7.9) suggest that these
granitoids were generated by similar processes from a common source. Moreover, the curvilinear
trend displayed by the studied I-type granitoids on the Al,O3/TiO, versus TiO, diagram (Fig.

9.1A), is consistent with a cogenetic relationship between the granitoids (Garcia et al. 1994).

Partial melting of pre-existing igneous or meta-igneous rocks in the crust is generally
assumed for the genesis of the I-type granitoids (Chappell and White, 1974: 1992: 2001;
Chappell and Stephens, 1988). Since the studied I-type granitoids have high-K and calc-alkaline
nature, the most suitable protoliths could be ancient volcanic rocks that consist of amphibolitized
calc-alkaline to high-K calc-alkaline basaltic andesites and andesitic metagreywackes, according
to Robert and Clemens (1993). On the other hand, the geochemistry and the mineralogy of the
resulting granitic rocks reflect not only the nature of the protoliths from which they were
derived, but also the dynamic conditions under which magmas were formed, evolved and

eventually solidified (Roberts et al., 2000; Altherr et al., 2000).

With regard to the source rocks, the plot of molar CaO/(MgO + FeOy) versus molar
ALO;3;/(MgO + FeOy) after Altherr et al. (2000) (Fig. 9.1) illustrates the fields of different

compositional melts obtained by experimental partial melting of different sources rocks, such as
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amphibolites, tonalitic gneisses, metagreywackes and metapelites, under variable melting
conditions. For comparison, the average I-type granite compositions from the Lachan Fold Belt,
SE Australia (Chappell and White, 1992), European Variscides (Altherr et al. 2000), and the
neighboured complexes Ngondo, Bati¢ and Fomopéa (Tagne-Kamga, 1994: 2003; Talla, 1995;
Kwékam, 1993) are also plotted.
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Figure 9.1: (A) Al,05/Ti0; versus TiO, diagram (after Garcia et al., 1994) for the investigated I-
type granitoids showing one curvilinear trend for all types typical of magmatic differentiation.
(B) Molar CaO/(MgO + FeOy) versus molar Al,O3/(MgO + FeO;) plot showing the
compositions of the Bafoussam I-type granitoids compared to partial melts produced by
experimental dehydration melting of various rock compositions (fields of melt compositions
compiled by Altherr et al., 2000).

As shown in Figure 9.1B, the geochemical characteristics of the majority of the studied I-type
granitoids are more compatible with an origin from metasedimentary rocks (metagreywackes),
with, however, a few samples being most likely derived from melting of metabasaltic to
metatonalitic (i.e. metaigneous) source rocks like the average for I-type granites from the Lachan
Fold Belt (LFB: Chappell and White, 1992). This suggests the presence of a sedimentary
component either in their source, or incorporated at later stage by the granitoid magma. On the

basis of their geochemical compositions, the studied I-type granitoids could have been generated
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by mixing of mantle-derived material with varying amounts of the melted crustal components
(metasediments) through assimilation and combined fractional crystallization (AFC—De Paolo,

1981).

It is commonly accepted that the most important evidence for the granitic magma sources
is given by the radiogenic isotopes (Rb—Sr and Sm—Nd). The initial 87Sr/86Sr(600 Ma) Tatios range
between 0.706—0.708 for the biotite granitoid and 0.705-0.709 for the mega feldspar granitoid
(Table A.4.1, Appendix A.4). They are significantly higher than the mantle value (0.704 + 0.002:
Goldstein, 1988) and the initial *'Sr/*Sr range of 0.704-0.706, assumed for typical I-type
granites (Table 7.1: Chappell and White, 2001). The high initial 87Sr/80Sr (600 Ma) Tatios suggest
incorporation of material derived from an older crustal source. The exg(600 Ma) values (0.2 to —
12.1, mainly < 0) and the 7py model ages (1.3-2.1 Ga) of the I-type granitoids are compatible
with the melting of ancient crust having higher Rb/Sr. Like the geochemical signatures, the Nd—
Sr isotope data suggest a mixture of the mantle-component with significant crust input from

melted metasediments during the genesis of the I-type granitoids.

The metaluminous nature of the studied I-type granitoids suggests a metaluminous
protolith such as the mantle or other sources (volcanic or plutonic). The protolith would not have
undergone alteration, because hydrothermal or meteoric alteration would increase the aluminum
saturation index, ASI ratio [ASI = molar Al,O3/(CaO + Na,O + K,0)]. The high potassic
concentrations of the granitoids could result from accumulation of K-bearing silicates such as
biotite and K-feldspar. According to Singh and Johannes (1996), the intermediate to felsic
composition of the granitoids is a consistent with a derivation from the ancient source of tonalitic
to granodioritic composition. The studied I-type granitoids exhibit a transitional character
between metaluminous and moderately peraluminous (Fig. 7.9 A and B). The samples with
rather peraluminous composition are qualified to be more fractionated than the other of
metaluminous nature. They are believed to result largely from the fractional crystallization of
originally metaluminous melt (Zen, 1986; Chappell and Stephens, 1988; Chappell, 1999). Direct
evidence for this includes: (1) the wide range of composition (56.9-73.8 wt. % Si0,); (2) the
curved trend, typical of magmatic differentiation (Fig. 9.1A); and (3) the compositional
variations of the I-type granitoids on Harker diagrams (Figs. 7.1 and 7.10). The field

characteristics of these granitoids, including the rare occurrence of mafic and intermediate
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enclaves, the absence of evidence for significant interaction with the migmatitic gneiss country
rock, the similarities in the petrographic and geochemical nature of each type and the gradational
transition between the different varieties of the I-type granitoids, do not privilege the hypothesis
that magma mixing or wall-rock assimilation was dominant process in their magmatic evolution
(Figs. 8.4 and 8.5). Furthermore, it appears unlikely that restite-melt unmixing as suggested by
Chappell et al. (1987) has controlled the chemical variation of these granitoids. Except for a few
mafic enclaves (amphibole-bearing and metagabbro) encountered within the biotite granitoid and
the deformed biotite granitoid, other evidences that characterized the restite model of Chappell et
al. (1987) such as calcic cores of plagioclase, pyroxene inclusion in plagioclase crystals and
pyroxene cores in hornblende crystals are not observed in the studied I-type granitoids. Also, the
curved trend portrayed by the Figure 9.1 cannot be produced by restite separation (Garcia et al.,
1994). Hence, fractional crystallization (Figs. 7.20 and 7.21) was the dominant processes that

governed the composition of these granitoids.

To summarize, the Bafoussam I-type granitoids were generated by the same magma-
parent that likely derived from the partial melting of a tonalite-granodiorite source. The
compositional variation of these granitoids is dominantly caused by fractional crystallization

Processes.

9.1.2 Two-mica granitoid

9.1.2.1 The peraluminous composition of the two-mica granitoid

Patino Douce (1999) distinguished three main groups of peraluminous granites: (1)
peraluminous leucocratic granites, (2) strongly peraluminous S-type, and (3) Cordilleran
peraluminous two-mica granites. The compositional fields of these groups are shown in Figure
9.2A. In this Figure, the average compositions of S-type granites from LFB (Chappell and
White, 1992), the two-mica leucogranites from French Massif Central (Williamson et al. 1996),
the Himalayan leucogranites (Langtang Valley, Nepal: Inger and Harris, 1993), the garnet-
bearing S-type granites from the Damara orogen (Namibia: Jung et al., 2001), and the Bantoum
leucogranites and Nkambé two-mica granitoids from Cameroon Neoproterozoic orogenic belt

(Nzolang et al., 2003: 2005; Tetsopgang, 2003) are also indicated for comparison. The studied
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two-mica granitoid occupies the field of peraluminous leucocratic granites (Fig. 9.2A) and
compares to the average compositions of the Bantoum leucogranites and the two-mica
leucogranites from French Massif Central. Peraluminous leucocratic granites include two-mica
and muscovite-garnet granites and do not contain low-pressure, high-temperature mafic
aluminous minerals (e.g., cordierite, sillimanite) and other low-temperature aluminosilicates
(e.g., tourmaline, andalousite), which are characteristic of strongly peraluminous S-type granites
(Miller et al., 1985; Villaseca et al., 1998). The two-mica granitoid under study is high-K and
calc-alkaline (Fig. 7.7B), like the peraluminous leucogranites from typical plutons (e.g., Vidal et
al., 1984; Chappell and White, 1992; Nabelek et al., 1992; Inger and Harris, 1993; Williamson et
al., 1996).
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Figure 9.2: CaO/(FeO + MgO + TiO,) versus CaO + FeO + MgO + TiO, plots showing the
composition of the Bafoussam two-mica granitoid compared to (A) the fields of the three
peraluminous granites types (fields contours are drawn according to the data of Patifio Douce,
1999); and to (B) the composition of melts obtained in experimental dehydration melting of
metasedimentary rocks (fields of melt compositions after Patifio Douce, 1999).
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Based on these significant similarities in geological, mineralogical and geochemical signatures,
the Bafoussam two-mica granitoid is considered to be a peraluminous leucocratic granitoid or

leucogranite.

9.1.2.2 Possible source of the two-mica granitoid magma

Peraluminous leucogranites or "S-type granites" are considered to having originated from
supracrustal melting of purely or predominantly upper crustal components (metasedimentary
protoliths), according to Chappell and White (1974: 1992: 2001) and White and Chappell (1988).
Several models of formation have been proposed for the peraluminous leucogranites. The three
most important are: (1) melting of metapelites and metagreywackes, including cases of basalt
magma admixture (White and Chappell, 1988; Sylvester, 1998; Patifio Douce, 1999); (2) partial
melting of tonalite and granodiorite at pressures > 8 kar with clinopyroxene in the restite (Miller,
1985; Patifio Douce, 1997: 1999); and (3) evolution of relative primitive low-Ca metaluminous

granites by fractionation of amphibole (Bonin et al., 1998).

Some petrogenetic information can be obtained using the diagram CaO/(FeO + MgO +
Ti0,) versus CaO + FeO + MgO + TiO; of Patifio Douce (1999) which illustrated the correlation
of the granite compositions with composition of melts produced by experimental dehydration
melting of various types of crustal rocks. In that diagram (Fig. 9.2B), the composition of the two-
mica granitoid mostly plots within the overlap field of melts originating from dehydration
melting of felsic pelite/greywacke rocks, with few samples in the field of felsic pelites alone.
Furthermore, the relatively low CaO/Na,O ratios (0.11-0.38), and the moderated Rb/Sr (2.26—
7.00) and Rb/Ba (0.44-2.00) ratios suggest a mixture of "mature" clay-rich, plagioclase-poor
pelitic and "immature" clay-poor, plagioclase-rich psammitic (greywackes) sources for this

granitoid (Sylvester, 1998).

Furthermore, the initial 87Sr/86Sr(600 Ma) Tatios range from 0.708-0.720 and are within that
of the typical S-type granites, following Chappell and White (2001) (> 0.708: see Table 7.1).
The Sr isotopic signature coupled to the negative exg(600 Ma) values (— 9.9 to —14.0) and the
Tpm model ages (2.07-2.25 Ga) is hence in concordance with the genesis from melting of

ancient continental crust material. For S-type granitoids it has been suggested that low CaO and
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Na,O ratios along with the high K,O contents give evidence of the low versus high
concentrations of these elements in the source, most likely weathered metasedimentary rocks
(e.g., Miller, 1985; Chappell and White, 1992). Detailed studies of typical leucogranite plutons
or S-type granites worldwide are in general agreement with their origin from partial melting of a
metasedimentary source, with or without mixing with mantle-derived magmas (e.g., Chappell

and White, 1992; Nabelek et al., 1992; Inger and Harris, 1993; Williamson et al., 1996).

Recent investigations (Harris and Inger, 1992; McDermott et al., 1996) have
demonstrated that the concentration of Rb, Sr and Ba, and their corresponding Rb/Sr and Sr/Ba
ratios can be used as discriminator of vapour-present versus vapour-absent (i.e. dehydration)
partial melting conditions for a given source rock. Vapour-present melting is identified by low
Rb/Sr (0.7-1.6) versus high Sr/Ba (0.5-1.6) ratios of granite and additionally positive Eu
anomalies. In contrast, vapour-absent melts have high Rb/Sr (3—6) versus low Sr/Ba (0.2-0.7)
ratios and negative Eu anomalies resulting from the residual plagioclase. The two-mica granitoid
under study has high Rb/Sr ratios (2.3-7.0), low Sr/Ba ratios (0.2-0.3) and exhibits small to
significant negative Eu anomalies (Eu/Eu* = 0.28-1.08). This therefore indicates vapour-absent
partial melting of the metasedimentary protolith during the formation of the two-mica granitoid.
Moreover, the low CaO/Na,O (0.11-0.38) and the large range in Al,O3/Ti0; (47-204) in this
granitoid point to the genesis of the two-mica granitoid by dehydration partial melting, following
the melting experiments of Holtz and Johannes (1991). Also, the presence of euhedral magmatic
garnet implies that the magma was relatively hot and water-undersaturated (Clemens and Wall,

1981).

Following Harris and Inger (1992), the high Rb/Sr ratios (> 5.0) in leucogranite further
indicate a derivation from muscovite dehydration melting, whereas low (< 5.0) values are typical
for melting of biotite. The studied two-mica granitoid has Rb/Sr ratios ranging from 2.3 to 7.0
(mainly < 5.0). Hence, the generation of the two-mica granitoid likely involved a biotite

dehydration-melting reaction.

McDermott et al. (1996) modelled the vapour-absent biotite dehydration melting reaction
by using the large ion lithophile elements (LILE: Rb, Sr and Ba) for a source with variable

amount of plagioclase. According to their model, biotite dehydration melting is mainly governed
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by the presence of plagioclase or biotite minerals in the source. The low abundance of
plagioclase in pelite-dominated sources limits the maximum degree of partial melting (referred
to as plagioclase-limited melting), and so the residual material is plagioclase poor but relatively
rich in biotite. Thus, the melt is enriched in Sr relative to both Rb and Ba. An increase of the
proportion of the greywacke end-member implies an increase of the plagioclase mineral in the
residue which is limited by the availability biotite (referred to as biotite-limited melting). The
melt then becomes enriched in Rb and Ba relative to Sr resulting high Rb/Sr and Ba/Sr. The two-
mica granitoid under study has high values of Rb/Sr > 1.0 and Ba/Sr > 5.0. This infers that the
biotite-limited biotite dehydration melting was the probable mechanism in the generation of the
two mica granitoid. This mechanism reflects a greywacke-dominated source (McDermott et al.,
1996). Abundance of Eburnian (~ 2.1 Ga) metasedimentary rocks (greywacke-type) associated
with volcano-sedimentary rocks throughout the Cameroon orogenic belt (Penaye et al., 1989:
1993; Ganwa, 1998) supports this hypothesis, although they are not yet described in West

Cameroon.

In conclusion, the two-mica granitoid under study is a peraluminous leucocratic granitoid
or leucogranite. It was produced by partial melting of Eburnean metagreywacke source involving
biotite-limited biotite dehydration melting. This generation process fits well into the model of
formation (1): "melting of metapelites and metagreywackes, including cases of basalt magma
admixture". The biotite-rich surmicaceous enclaves encountered within the two-mica granitoid
are interpreted as a biotite concentration rather than representing its protolith xenolith.
Peraluminous granitoids are not widespread documented in the Cameroon Neoproterozoic belt.
In East Cameroon, the leucogranites have been interpreted as originating from partial melting of

immature sediments (Soba, 1989; Soba et al., 1991).

The negative exg(600 Ma) values along with the high 87Sr/86Sr(600 Ma) ratios of almost all
the Bafoussam granitoids reflect the very long crustal residence time of their protoliths before
the melting event. The Pan-African granitoids from the Northwest of the Tcholliré-Banyo fault
(TBF: considered as major crustal boundary see Fig. 1.5) are generated mainly from juvenile
crust or crust with small contamination of older crust, however, local substantial proportion of
older crust like for the Bafoussam granitoids has been noticed (Toteu et al., 2001). The initial

¥7Sr/*Sr ratios (0.705-0.709) and the eng(600 Ma) values (0.2 to —6.3) for I-type granitoids
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(Biotite granitoids, deformed biotite granitoid and mega feldspar granitoid) support their
generation in the lower crust, whereas the two-mica leucogranite with higher initial *’Sr/*°Sr
ratios (0.708-0.720) and lower enxg(600 Ma) values (9.9 to —14.0) was produced in the upper
crust (DePaolo and Wasserburg, 1979). The involvement of an older continental crust (Archean
or Paleo- to Mesoproterozoic) during the genesis of the Pan-African granitoids is also noticed in
other segments of the Neoproterozoic belt of Cameroon, particularly southeast of the Tcholliré-
Banyo fault (Toteu et al., 2001; Tagne-Kamga et al., 1994: 2003; Nzolang et al., 2003; Nzolang,
2005).

The mineralogical, geochemical and isotopic signatures of the studied granitoids are
similar to those described in the adjacent provinces of the Central African Fold Belt (CAFB)
such as Nigeria (Ekwueme and Kroner, 1998) and the Central African Republic (Pin and
Poidevin, 1987), as well as in the Borborema Province in northeastern Brazil (Sial et al., 1999;
Neves et al., 2004 and references therein), suggesting the continuation of the CAFB in the South

American continent.

9.2 Geodynamic implications

Many studies have been focused on the genetic links between granitoid types and
geodynamic environments. The most detailed and recent classification scheme has been
proposed by Barbarin (1996: 1999) and divides granitoids into six types: two types of
peraluminous granitoids (MPG and CPG) of purely or essentially crustal origin, two types of
calc-alkaline granitoids (KCG and ACG) of mixed origin, and two types of "tholeiitic" or
alkaline granitoids (ATG or RTG, and PAG) of mainly mantle-derived origin. Based on
mineralogical and geochemical features, the Bafoussam granitoids are compared to two granitoid
types in Barbarin’s classification: (1) KCG (K-rich calc-alkaline granitoids), represented by the
biotite granitoid, the deformed biotite granitoid and the mega feldspar granitoid; and (2) MPG

(muscovite-bearing peraluminous granitoids), represented by the two-mica granitoid.

According to Barbarin (1999), peraluminous MPG and CPG are generally formed in
collisional belts and are associated with the climax of orogenesis (e.g., Brittany and the French

Massif Central, the Lachan Fold Belt, SE Australia and the Higher Himalaya). KCG also form in
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collisional belts and are associated with the MPG and CPG, but they typically occur during the
post-collisional uplift and orogenic relaxation (e.g., Celadonian plutons of the northern British
Isles, Ploumanac’h intrusive complex, Brittany, France). The granitoids under study could have
been formed in collisional (two-mica granitoid) and in post-collisional (biotite granitoid,
deformed biotite granitoid and mega feldspar granitoid) environments. However, their
geochemical features suggest diverse tectonic environments, syn-collision, volcanic arc, within-
plate and post-collision (Figs. 7.12—15). The studied granitoids emplaced in an orogenic belt.
They do not favour the idea of their formation in volcanic arc and within-plate environments
which are considered to be "inappropriate" and instead might be diagnostic for the tectonic
settings in which the protoliths were formed. The Y contents of the granitoids generally less than
40 ppm (Fig. 7.10: Y versus Si0;) suggest that they are related to an orogenesis (Rogers and
Greenberg, 1990). The granitoids display deformational features, supporting this hypothesis.
Following the Barbarin’s classification scheme, it can be therefore inferred that the granitoids
under study are syn- to post collision with the two-mica granitoid emplaced during a regional
compressional tectonic regime and the biotite granitoid and the mega feldspar granitoid during
the post collisional uplift (Fig. 9.3). Since the geological, mineralogical and chemical
characteristics of the deformed biotite granitoid are almost the same as those of the biotite
granitoid and mega feldspar granitoid, it also should be considered as emplaced during the post
collisional uplift. The investigated granitoids display many similarities with neighbouring
plutonic complexes (e.g., Bandja, Nguiessi-Tchankam, 1994; Nguiessi-Tchankam et al., 1997
and Ngondo, Tagne-Kamga, 1994 Tagne-Kamga et al, 1999), which are believed to be syn- to
post-collisional and emplaced during the Pan-African D, deformation event in Cameroon
Neoproterozoic orogenic belt. Table 9.1 shows the Bafoussam granitoids and other dated
granitoid plutons northwest to the Tcholliré-Banyo fault, subdivided according to the three
classical Pan-African granitoid generations (Pre- to Syn-D;, Syn- to post-D, and late orogenic)

within the Cameroon Neoproterozoic orogenic belt.
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Figure 9.3: Schematic tectonic model for the genesis and emplacement of the Bafoussam
granitoids.
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Table 9.1: Available geochronological data for the Pan-African granitoids situated northwest to the Tcholliré-Banyo fault (TBF) within the

Neoproterozoic belt of Cameroon. Locations with asterisk (*) are in the vicinity of the studied area, Bafoussam.

Age Location Alkalinity ¥Sr/%sr Material Age (Ma) with method Authors
scale (initial) Rb — Sr U-Pb CHIME
Papata alkaline 0.7061 + 0.0008 WR 505+ 11 Ma Lasserre et al. (1981a)
Godée alkaline 0.7089 + 0.0009 WR 516 £ 06 Ma Lasserre et al. (1981a)
Late Dogba alkaline 0.7077 £ 0.0017 WR 519 £ 07 Ma Lasserre et al. (1981a)
tectonic  Goutchoumi alkaline 0.7110 £ 0.0142 WR 526 £ 10 Ma Lasserre et al. (1981b)
Anloa alkaline 0.7107 + 0.0026 WR 531 £ 19 Ma Lasserre et al. (1981b)
Makassa alkaline 0.7096 + 0.0220 WR 534+ 15Ma Lasserre et al. (1981a)
Nkambé * calco-alkaline - monazite 510-552 Ma  Tetsopgang (2003)
Bafoussam calco-alkaline  0.7075 £ 0.0002 WR 540 + 27 Ma This study
Syn-to  Bandja * calco-alkaline  0.7089 + 0.0003 WR 557+ 08 Ma Nguiessi-Tchankam et al. (1994)
Post-D, Fomopéa * calco-alkaline  0.7090 + 0.0003 WR 575+ 17 Ma Kwékam (1993)
Bati¢ * calco-alkaline  0.7077 £ 0.0006 WR 576 £ 24 Ma Talla (1995)
Bafoussam calco-alkaline  0.7077 £ 0.0016 WR 587 +£27 Ma This study
Poli calco-alkaline - zircon 600-580 Ma Toteu et al. (1990)
Ngondo * calco-alkaline  0.7056 +0.0018 WR 609 + 30 Ma Tagne-Kamga (1994)
Bangangté * calco-alkaline ~ 0.7080 + 0.0006 WR 606-630 Ma Tchouankoué (1992)
Bangoua * calco-alkaline - zircon 628 Ma Toteu et al. (2001)
Poli calco-alkaline - zircon 630-620 Ma Toteu et al. (1990b)
Pre-to  Bakonwa calco-alkaline - zircon 633 +03 and 665 + 10 Ma Toteu et al. (2001)
Syn-D; Bandja * calco-alkaline - zircon 640 £ 12 Ma Nguiessi-Tchakam et al. (1994)
Kumba-Manfé  calco-alkaline  0.7080 + 0.0005 WR 655 £30 Ma Lasserre et Soba (1979)
Ngondo * calco-alkaline  0.7055 £ 0.0001 WR 657 £ 08 Ma Tagne-Kamga (1994)
Manengouba calco-alkaline  0.7044 + 0.0002 WR 686 £ 17 Ma Lamilen (1989)
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9.3 Salient results

The present study elucidates the tectonic environment and associated geological
processes responsible for the origin and evolution of the Bafoussam granitoids for the better
understanding of the Pan-African magmatism within the Cameroon Neoproterozoic orogenic
belt. The mode of occurrence, magmatic association, mineral chemistry, crystallization
conditions (P, T, X, fluids), whole-rock geochemistry and whole-rock isotope (Rb—Sr and Sm—
Nd) geochemistry of these granitoids have been documented. Fluid inclusions in quartz from
hydrothermal veins have been also examined to characterize fluid evolution (fluid types, fluid
composition, temperature and pressure) within the granitoids. The main conclusions drawn from

this study are:

(1) Four groups of granitoids have been recognized in the Bafoussam area: the biotite
granitoid, the deformed biotite granitoid, the mega feldspar granitoid and the two-mica
granitoid. They are syn- to post-collisional, emplaced into migmatic-gneiss wall-rock of
amphibolite facies at 540 + 27 Ma for the biotite granitoid, 587 = 41 Ma for the mega
feldspar granitoid (whole-rock Rb—Sr isochrons). A probably mixing age of 663 + 62 Ma

is yielded by the Rb—Sr whole-rock isochron for the two-mica granitoid.

(2) The granitoids under study have a wide range of lithology compositions including
syenogranite (major), alkali-feldspar granite, granodiorite, monzogranite, quartz-syenite,
quartz-monzonite and quartz-monzodiorite. The petrography is characterized by variable
proportion of potassium feldspar (Org;_97Abi9_3), quartz, plagioclase (mainly oligoclase:
Anj 35Abgs 64) and Fe-rich biotite (Xpe: 0.40-0.80) as major phases, with amphibole
(edenite and magnesio-hastingsite: Xye: 0.50-0.62) and accessory minerals. Additionally,
the two-mica granitoid contains primary muscovite (Xge: 0.52—0.82) and igneous garnet

(almandine—spessartine).

(3) The Bafoussam granitoids crystallized under varying pressures (4.2 + 1.1 to 6.6 £ 1.0
kbar) and a narrow range of temperatures (772 + 41 to 808 + 34 °C) from oxidized

magma (Log fO, —17 to —13), except the two-mica granitoid which was generated by a
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moderately reduced parent magma, below the quartz—fayalite—magnetite buffer. The

granitoids were emplaced at different depths ranging from 15 to 24 km.

(4) Fluid inclusions found in hydrothermal quartz veins are secondary in nature and are of
two types, mixed aqueous—non-aqueous volatiles fluid inclusions subdivided into non-
aqueous volatiles-rich mixed fluid inclusions and aqueous-rich mixed fluid inclusions,
and pure aqueous fluid inclusions. The mixed aqueous—non-aqueous volatiles fluid
inclusions contain pure CO,, or dominantly CO, and CHy as volatiles. The pure aqueous
fluid inclusions display a mixing salt system with dominantly NaCl and other divalent

cations.

(5) The investigated granitoids are intermediate to felsic in compositions and have high
contents of alkalis with variable range in Fe,O3* and alumina contents. The abundances
of large ion lithophile elements (LILE) and high-field-strength elements (HFSE) are
variable, with the LILE being higher in intermediate granitoids and the HFSE in contrast
higher in felsic or silica-rich granitoids. The granitoids exhibit evident enrichment of
light relative compared to heavy REEs, with small to significant negative Eu anomalies.
They display almost similar magmatic affinities, non-alkaline to mid-alkaline, alkali-
calcic, calc-alkaline, K-rich to shoshonitic and ferriferous. Ocean ridge granites (ORG)
normalized multi-elements spidergrams are similar to typical collision-related granites

pattern.

(6) Genetically, the studied granitoids are I-type granitoids (biotite granitoid, deformed
biotite granitoid and mega feldspar granitoid) and S-type granitoid (two-mica granitoid).
I-type granitoids are metaluminous (ASI = 0.70-1.0) or moderately peraluminous (ASI =
1.01-1.06) for the highly fractionated ones. These granitoids are cogenetic and the
observed compositional variations result mainly from the fractionation of plagioclase,
biotite, K-feldspar and accessory minerals at the level of emplacement. The two-mica, S-
type granitoid is exclusively peraluminous (ASI = 1.07-1.25) and has peraluminous

leucogranite composition.
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(7) The granitoids under study were produced by partial melting of Paleoproterozoic and
Mesoproterozoic crustal sources of tonalite—granodiorite composition in the lower crust
for the I-type granitoids and greywacke-dominated in the upper crust for the two-mica
granitoid. The protoliths of these granitoids have a very long residence time in the crust

before the melting event (Tpm: 1.5-2.3 Ga)
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Appendix Al

APPENDIX

A.1 Analytical procedures

A.1.1 Petrography

Petrographical analyses have been made on standard petrological thin sections of about
0.03 mm thickness. The investigation of the thin sections has been done with the helps of a

LEITZ polarisation microscope.

A.1.2 Electron microprobe (EMP)

A detailed electron microprobe analysis was made on major and accessory rock-forming
minerals of the studied granitoids (biotite, muscovite, garnet, amphibole, K-feldspar, plagioclase,
magnetite and ilmenite), using a CAMECA SX-50 electron microprobe instrument with three
wavelength-dispersive spectrometers at the Mineralogical Institute, University Wiirzburg
(Germany). Synthetic silicates and oxides were used as reference standards, and matrix
correction was carried out by the PAP program supplied by CAMECA. Mineral element

concentrations were determined on polished and carbon coated thin sections.

Instrument conditions were 15 kV accelerating voltage and 15 nA beam current on the
Faraday cage. The element peaks and backgrounds were measured over 20 sec integration time
for all the elements except for Fe and Mn (30 sec). Point analyses were performed with a 1-2
pm beam diameter for garnet, amphibole and oxide minerals, and 4 pm for mica and feldspars.
The analytical error is less than 1 % relative for major elements, but higher for low element

concentrations. The detection limit for the operating condition is between 0.05 and 0.1 wt. %.

A.1.3 Whole- rock geochemistry

For the chemical analysis, the sample size used depends on the grain size of the rock.

The largest sample weighted ~ 10 kg. Much care was taken to remove the altered parts, the state

of decomposition of the feldspar being an important indicator. The rocks were crushed with a
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steel jawbreaker (Siebtechnik GmbH) into chips of about 1 cm and then were powdered in a

wolfram carbide disk mill (Siebtechnik GmbH) for about 120 sec.

- X-ray fluorescence (XRF) spectometry: Major and trace elements

For the x-ray fluorescence (XRF) analyses, the preparation of the samples was made by
mixing 600 mg sample powder with 3.6 g SPECTROMELT A 12 and 500-1000 mg NH4NO3
(depending on the Fe-content). The mixture was melted at different temperatures (up to 1000 °C)
at five NUTECH burner stations, using platinum crucibles. The obtained fused glass discs after
cooling were used to determine the major and trace elements on the Philips PW 1480 XRF
spectrometer at the Mineralogical Institute, University Wiirzburg (Germany). All the analyses
were calibrated against international standards. Matrix effects were automatically corrected by
the Philips X40 software. The analytical error for major elements is 1 % relative, whereas that of

trace elements ranges between 1 and 8 % relative.

- Loss of ignition (LOI)

The loss of ignition (total amount of volatile component such as H,O, CO,, SO,) was
determined by heating about 1 g of dried sample powder at 1000 °C during 4 hours. After
cooling, the sample was reweighed. The LOI represents the difference between the weights of

the sample before and after heating.

- Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS): Rare earth
elements and some trace elements

Whole rock rare earth elements (REE) and some trace elements (Sc, Cr, Ni, Nb, Mo and
Sn) were determined using the same fused glass discs prepared for the x-ray fluorescence
spectrometry analysis. The analyses were carried out with a 266 nm Nd:YAG New Wave
Research (former Merchantek) laser connected to a quadrupole ICPMS [Agilent 7500i; Plasma
power: 1290 W; Carrier gas (Ar): 1.17 L/min; Plasma gas (Ar): 14.9L/mim; auxiliary gas (Ar):
0.9 L/min] at the Mineralogical Institute, University Wiirzburg (Germany). Laser parameters
used were ablation patterns of 1250 um long lines, ablated with a scan speed of 40 pm/sec. The
diameter of the sample pit created by laser is 50 um. The frequency was 20 Hz and an energy
setting of 0.99—-1.12 mJ. Data acquisition was done in Time Resolved Analysis mode with

measurements of the instrument background (25 sec) and of granitoids (35 sec). The certified
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reference material NIST 612 with the values of Pearce et al. (1997) was used as an external
standard. Raw counts for each element were solely corrected subtracting the background counts
and processed using the software GLITTER (version 3.0, On-line Interactive Data Reduction for
the LA-ICPMS, Macquarie Research Ltd., 2000). The analytical error was < 10 % (1o) relative
for each analysis and the minimum detection limit is 0.5 ppm for Cr, 0.1 ppm for Ni, and 0.05
ppm for Sc and REE. For the spidergram representation, the obtained REE were normalized

relative to chondrite abundances, according to the values of McDonough and Sun (1995).

A.1.4 Whole-rock Rb—Sr and Sm-Nd isotope geochemistry

This analysis was carried out by Dr. C. Nzolang at the Graduate School of Science and
Education, Niigata University (Japan). Rb, Sr, Sm and Nd concentration were determined using
the same sample powders prepared for the x-ray fluorescence spectrometry analysis. The
extraction of Rb, Sr, Sm and Nd from sample powders and mass spectrometric analyses were
performed following the procedures described by Kagami et al. (1987). Sr and Nd isotope ratios
were performed with a Finnigan MAT-262 multi-collector thermal ionization mass
spectrometer. Measured *'Sr/*Sr and '¥*Nd/'"**Nd ratios were normalized to *’Sr/*°Sr = 0.1194
and '®Nd/"**Nd = 0.7219, respectively. During the running period of the analyses, the NBS987
standard yielded a *'Sr/*Sr ratio of 0.710225 + 0.000013 (20) on 23 runs. The JNdi-1 standard
gave a '®Nd/"**Nd mean value of 0.512066 + 0.000011 (26) on 25 runs.

Rb and Sr contents were determined by x-ray fluorescence spectrometry analysis. The
"IN d/'**Nd ratios in this study are reported relative to GSJ standard JNdi-1 = 0.512116 that is
consistent with 0.511856 + 6 of La Jolla standard (Tanaka et al., 2000). Measuring errors range
between 0.000012 and 0.000024 % (20) for *’Sr/**Sr ratios, and 0.000009 and 0.000024 % (20)
for the '**Nd/"**Nd ratios. The relative analytical errors were 4 % (1o) for SRb/*°Sr, 0.01 % (1o)
for ¥’Sr/*Sr, 0.1 % (lo) for "’Sm/"**Nd and 0.01 % (lo) for "**Nd/***Nd ratios. The following
CHUR parameters were employed for the calculation of initial €s; and initial exg values: 87Sr/*Sr
(present) = 0.7045, *’Sr/*°Sr (present) = 0.0827, '*Nd/'**Nd (present) = 0.512638 and
Sm/'"*Nd (present) = 0.1966. Nd model ages (Ipy) were calculated using values of the
present-day depleted mantle of Goldstein et al. (1984): 'INJ/"*Nd = 0.513150 and "*'Sm/'**Nd
=0.2136. Decay constants are: AM*Rb) = 1.42 x 10'”y'1 and A (*YSm) = 6.54 x 10'12y'1.
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A.1.5 Microthermometric fluid inclusion studies

The microthermometric study was carried out at the Mineralogical Institute, University
Wiirzburg (Germany) fluid inclusion laboratory. Microthermometric determinations were made
on double polished thin sections (about 100 pm thick) using a Fluid INC. equipment (U.S.
Geological Survey gas-flow heating/freezing system). The equipment was previously calibrated
with synthetic standards of Syn Flinc (critical point of H,O, critical point of CO,). The data are
reproducible to + 0.2 °C for the freezing runs and + 0.4 °C for the heating runs. A total of 50
fluid inclusions was examined by cycles of freezing dawn to —150 °C and heating up to the
appropriate temperature of the total homogenization to control the stability of the inclusions and
the representativity of the determinations. These cycles were generally repeated several times in

order to exactly detect the phase changes.
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A.2 Mineral chemistry

Table A.2.1: Representative analyses of biotite (continued).

Rock type Biotite granitoid
Sample LE-2 LE-2 LE-2 LE-2 LE-1 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 BL-8 BL-8 BL-8 BL-8 BL-8 SE-4 SE-4
1-Btl 1-Btl 1-Btl 1-Bt2 1-Bt2 1-Bt2 1-Bt4 2-Btl 2-Bt2 2-Bt2 4-Btl 1-Btl 1-Bt2 1-Bt3 2-Btl 2-Bt2 1-Btl 1-Bt2

Component oxides (wt.%)

Si0, 36.54 36.85 36.54 36.85 36.66 36.70 36.48 36.98 36.89 36.55 36.66 37.32 37.60 37.48 37.71 37.55 37.94 36.61
TiO, 1.97 291 1.97 291 2.57 1.92 2.09 1.86 1.85 2.38 1.99 1.77 1.66 1.54 1.62 1.71 2.52 2.56
AlLOs 14.75 14.94 14.75 14.94 14.90 15.45 15.38 15.15 14.83 14.93 15.05 15.21 15.27 15.53 15.23 15.40 15.30 14.96
Cr,03 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.05 0.03 0.00 0.08 0.05 0.05 0.00 0.00 0.00 0.03 0.00
MgO 11.99 10.94 11.99 10.94 11.11 11.65 11.42 11.36 11.79 11.24 11.20 11.69 12.04 11.66 12.53 12.70 11.23 11.40
CaO 0.02 0.00 0.02 0.00 0.02 0.00 0.01 0.03 0.01 0.01 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00
MnO 0.36 0.38 0.36 0.38 0.31 0.33 0.38 0.31 0.41 0.37 0.39 0.68 0.64 0.67 0.75 0.77 0.81 0.74
FeO 19.84 20.30 19.84 20.30 20.12 19.92 19.32 19.49 19.83 20.16 20.74 19.18 19.11 19.35 18.23 17.50 18.49 18.29
BaO 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.13 0.09 0.13 0.09 0.11 0.13 0.06 0.10 0.06 0.05 0.07 0.15 0.05 0.04 0.10 0.09 0.10 0.06
K,O 9.24 9.63 9.24 9.63 9.36 9.58 9.71 9.99 9.74 9.73 9.71 9.28 9.69 9.69 9.57 9.70 9.61 9.36
Total 94.83 96.07 94.88 96.03 95.18 95.65 94.86 95.31 95.48 95.43 95.86 95.39 96.24 95.98 95.85 95.42 96.02 94.06
Mineal structural formulas (a.p.f.u) based on 22 Oxygens

Si 5.625 5.616 5.625 5.616 5.629 5.601 5.610 5.665 5.651 5.612 5.615 5.685 5.687 5.683 5.701 5.682 5.722 5.654
AlY 2.375 2.384 2375 2.384 2371 2.399 2.390 2.335 2.349 2.388 2.385 2315 2313 2317 2.299 2318 2.278 2.346
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.300 0.299 0.300 0.299 0.325 0.380 0.398 0.401 0.329 0314 0.332 0.416 0.409 0.458 0.414 0.429 0.442 0.377
Cr 0.000 0.003 0.000 0.003 0.000 0.000 0.000 0.006 0.003 0.000 0.010 0.006 0.006 0.000 0.000 0.000 0.004 0.000
Ti 0.228 0.334 0.228 0.334 0.297 0.221 0.241 0.214 0.213 0.274 0.229 0.202 0.188 0.176 0.184 0.195 0.286 0.297
Fe?t 2.554 2.588 2.554 2.588 2.584 2.543 2.485 2.497 2.540 2.589 2.657 2.444 2417 2.453 2.304 2214 2332 2.362
Mn 0.047 0.048 0.047 0.048 0.040 0.043 0.050 0.040 0.053 0.048 0.051 0.088 0.082 0.086 0.096 0.098 0.104 0.096
Mg 2.750 2.486 2.750 2.486 2.543 2.651 2.618 2.595 2.693 2.574 2.556 2.655 2.715 2.635 2.823 2.865 2.524 2.624
Sum VI 5.879 5.757 5.879 5.757 5.789 5.837 5.792 5.753 5.831 5.799 5.835 5.811 5.818 5.808 5.822 5.801 5.692 5.756
Ba 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.004 0.000 0.004 0.000 0.003 0.000 0.001 0.005 0.001 0.002 0.000 0.004 0.000 0.003 0.000 0.000 0.000 0.000
Na 0.038 0.026 0.038 0.026 0.033 0.037 0.018 0.030 0.017 0.016 0.019 0.044 0.014 0.011 0.028 0.026 0.029 0.016
K 1.815 1.872 1.815 1.872 1.834 1.865 1.905 1.953 1.904 1.906 1.897 1.804 1.870 1.874 1.845 1.873 1.849 1.845
Sum XII 1.856 1.899 1.856 1.899 1.870 1.902 1.924 1.988 1.926 1.924 1.916 1.857 1.885 1.888 1.873 1.899 1.877 1.862
Total 15.736 15.656 15736  15.656  15.660  15.739  15.716  15.741 15.756 15724 15751 15.668 15.703  15.696  15.695 15.700 15569 15.618
Fe/(FetMg) 0.481 0.510 0.481 0.510 0.504 0.490 0.487 0.490 0.485 0.502 0.510 0.479 0.471 0.482 0.449 0.436 0.480 0.474
YAl 2.676 2.683 2.676 2.683 2.697 2.779 2.788 2.736 2.678 2.702 2.716 2.731 2.722 2.775 2713 2.747 2.720 2.724

ASI 1.440 1.410 1.440 1.410 1.440 1.460 1.450 1.380 1.390 1.400 1.420 1.470 1.440 1.470 1.450 1.450 1.450 1.460
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Table A.2.1: Representative analyses of biotite (continued).

Rock type Biotite granitoid Deformed biotite granitoid

Sample SE-4 SE-4 SE-4 SE-4 SE-4 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3

1-Bt2 1-Bt3 1-Bt5 2-Btl 2-Bt2 1-Bt1 1-Bt1 1-Bt1 1-Bt2 1-Bt2 1-Bt2 1-Bt3 1-Bt3 1-Bt3 1-Bt4 1-Bt4 1-Bt4

Component oxides (wt.%)

SiO, 35.50 37.24 37.04 37.24 37.33 36.89 37.21 37.49 36.35 36.99 37.58 37.12 37.03 36.54 36.85 36.66 36.70
TiO, 1.64 2.21 3.37 2.48 2.60 2.19 2.18 245 2.55 2.78 1.63 2.03 1.89 1.97 291 2.57 1.92
AlLOs 14.84 14.72 13.71 15.14 14.75 15.42 15.60 15.28 15.41 15.53 15.92 15.68 14.60 14.75 14.94 14.90 15.45
Cr,04 0.01 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.06 0.00 0.00 0.04 0.02 0.00 0.02 0.00 0.00
MgO 10.52 12.11 11.72 11.23 11.89 11.57 11.65 11.82 10.82 10.99 12.15 12.18 12.91 11.99 10.94 11.11 11.65
CaO 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.02 0.02 0.00 0.02 0.00
MnO 0.70 1.11 0.72 0.69 0.70 0.67 0.81 0.78 0.78 0.79 0.32 0.38 0.49 0.36 0.38 0.31 0.33
FeO 18.09 17.96 19.01 18.53 18.74 19.23 18.57 18.89 20.22 18.82 17.72 18.52 16.04 19.84 20.30 20.12 19.92
BaO 0.03 0.09 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00
Na,O 0.08 0.10 0.05 0.06 0.09 0.11 0.13 0.10 0.09 0.12 0.04 0.13 0.01 0.13 0.09 0.11 0.13
K,0 8.87 9.66 9.74 9.56 9.54 9.64 9.49 9.43 9.69 9.50 9.79 9.68 9.84 9.24 9.63 9.36 9.58
Total 90.45 95.01 95.37 94.93 95.61 95.78 95.63 92.26 95.99 95.48 95.15 95.78 92.93 94.81 96.03 95.18 95.65
Mineal structural formulas (a.p.f.u) based on 22 Oxygens

Si 5.705 5.684 5.673 5.691 5.672 5.616 5.644 5.654 5.559 5.629 5.692 5.619 5.733 5.625 5.616 5.629 5.601
AlY 2.295 2.316 2.327 2.309 2.328 2.384 2.356 2.346 2.441 2.371 2.308 2.381 2.267 2.375 2.384 2.371 2.399
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.515 0.332 0.149 0.418 0.312 0.382 0.432 0.371 0.337 0413 0.534 0.415 0.396 0.300 0.299 0.325 0.380
Cr 0.001 0.000 0.000 0.001 0.000 0.004 0.000 0.000 0.007 0.000 0.000 0.005 0.002 0.000 0.003 0.000 0.000
Ti 0.199 0.254 0.388 0.285 0.297 0.250 0.249 0.278 0.293 0.319 0.186 0.231 0.219 0.228 0.334 0.297 0.221
Fe** 2.432 2.292 2.436 2.369 2.380 2.448 2.355 2.383 2.587 2.394 2.244 2.345 2.076 2.554 2.588 2.584 2.543
Mn 0.096 0.143 0.094 0.090 0.090 0.086 0.104 0.099 0.102 0.102 0.041 0.049 0.065 0.047 0.048 0.040 0.043
Mg 2.521 2.756 2.675 2.559 2.692 2.625 2.634 2.657 2.467 2.493 2.743 2.748 2.980 2.750 2.486 2.543 2.651
Sum VI 5764 5777 5742 5720 5772 5.795 5.775 5788  5.793 5722 5748 5793 5.738 5879 5757 5789  5.837
Ba 0.002 0.005 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.001 0.000 0.000
Ca 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.002 0.004 0.004 0.000 0.003 0.000
Na 0.023 0.029 0.016 0.017 0.028 0.032 0.039 0.028 0.027 0.034 0.012 0.038 0.004 0.038 0.026 0.033 0.037
K 1.819 1.881 1.902 1.864 1.849 1.871 1.836 1.815 1.892 1.844 1.892 1.870 1.943 1.815 1.872 1.834 1.865
Sum XII 1.848 1.916 1.918 1.881 1.876 1.906 1.875 1.844 1.921 1.878 1.906 1911 1.950 1.856 1.899 1.870 1.902
Total 15.612 15.693 15.660 15.601 15.649 15.701 15.650 15.631 15.714 15.599 15.654 15.704 15.689 15.736 15.656 15.660 15.739
Fe/(Fet+tMg) 0.491 0.454 0.477 0.481 0.469 0.480 0.470 0.470 0.510 0.490 0.450 0.460 0.410 0.480 0.510 0.500 0.490
>Al 2.810 2.648 2.476 2.727 2.641 2.766 2.788 2.717 2.778 2.785 2.842 2.797 2.664 2.676 2.683 2.697 2.779
ASI 1.520 1.390 1.290 1.450 1.410 1.450 1.490 1.470 1.450 1.480 1.490 1.460 1.370 1.440 1.410 1.440 1.460
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Table A.2.1: Representative analyses of biotite (continued).

Rock type Deformed biotite granitoid

Sample NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3

2-Btl 2-Btl 2-Btl 2-Btl 2-Bt2 2-Bt2 2-Bt2 2-Bt3 2-Bt3 2-Bt3 2-Bt4 2-Bt4 2-Bt4 2-Bt5 2-Bt5 2-Bt5 3-Btl 3-Btl

Component oxides (wt.%)

SiO, 36.48 36.98 36.89 36.55 36.66 35.46 35.36 35.58 35.36 36.20 36.38 36.10 36.00 35.56 36.03 37.32 37.60 37.48
TiO, 2.09 1.86 1.85 2.38 1.99 2.74 2.71 241 2.93 341 3.38 331 3.10 2.94 2.97 1.77 1.66 1.54
ALOs 15.38 15.15 14.83 14.93 15.05 16.07 16.09 16.06 16.22 15.77 15.01 15.12 15.31 15.03 15.30 15.21 15.27 15.53
Cr,0; 0.00 0.05 0.03 0.00 0.08 0.02 0.00 0.00 0.00 0.02 0.07 0.09 0.05 0.05 0.01 0.05 0.05 0.00
MgO 11.42 11.36 11.79 11.24 11.20 6.81 6.91 7.33 7.09 10.18 10.14 10.33 10.45 9.48 9.76 11.69 12.04 11.66
CaO 0.01 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.02
MnO 0.38 0.31 0.41 0.37 0.39 0.30 0.37 0.31 0.31 0.37 0.45 0.43 0.40 0.41 0.35 0.68 0.64 0.67
FeO 19.32 19.49 19.83 20.16 20.74 24.22 24.43 24.02 23.94 20.86 21.31 20.82 20.72 22.71 21.23 19.18 19.11 19.35
BaO 0.00 0.00 0.06 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.08 0.09 0.00 0.00
Na,O 0.06 0.10 0.06 0.05 0.07 0.04 0.06 0.09 0.04 0.11 0.08 0.11 0.06 0.05 0.01 0.15 0.05 0.04
KO 9.71 9.99 9.74 9.73 9.71 9.45 9.62 9.51 9.60 9.62 9.57 9.50 9.62 9.64 9.48 9.28 9.69 9.69
Total 94.86 95.31 95.48 95.43 95.86 95.19 95.71 95.30 95.50 96.42 96.38 95.83 95.73 95.93 95.22 95.39 96.24 95.98
Mineral structural formulas (a.p.f.u) based on 22 Oxygens

Si 5.610 5.665 5.651 5.612 5.615 5.564 5.536 5.568 5.524 5.507 5.560 5.540 5.530 5515 5.571 5.685 5.687 5.683
ALY 2.390 2.335 2.349 2.388 2.385 2.436 2.464 2432 2.476 2.493 2.440 2.460 2.470 2.485 2.429 2.315 2.313 2.317
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALY 0.398 0.401 0.329 0.314 0.332 0.536 0.504 0.530 0.511 0.336 0.264 0.275 0.301 0.261 0.358 0.416 0.409 0.458
Cr 0.000 0.006 0.003 0.000 0.010 0.002 0.000 0.000 0.000 0.002 0.008 0.011 0.006 0.006 0.002 0.006 0.006 0.000
Ti 0.241 0.214 0.213 0.274 0.229 0.324 0.319 0.283 0.344 0.390 0.388 0.382 0.358 0.343 0.346 0.202 0.188 0.176
Fe** 2.485 2.497 2.540 2.589 2.657 3.179 3.198 3.143 3.128 2.655 2.724 2.671 2.661 2.945 2.745 2.444 2417 2.453
Mn 0.050 0.040 0.053 0.048 0.051 0.040 0.049 0.041 0.041 0.048 0.058 0.055 0.052 0.053 0.046 0.088 0.082 0.086
Mg 2.618 2.595 2.693 2.574 2.556 1.594 1.612 1.709 1.651 2.308 2.310 2.364 2.393 2.192 2.250 2.655 2.715 2.635
Sum VI 5.792 5.753 5.831 5.799 5.835 5.674 5.682 5.706 5.675 5.738 5.751 5.759 5.771 5.801 5.748 5.811 5.818 5.808
Ba 0.000 0.000 0.003 0.000 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.005 0.005 0.000 0.000
Ca 0.001 0.005 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.004 0.000 0.003
Na 0.018 0.030 0.017 0.016 0.019 0.011 0.017 0.028 0.013 0.032 0.023 0.032 0.019 0.016 0.003 0.044 0.014 0.011
K 1.905 1.953 1.904 1.906 1.897 1.891 1.920 1.898 1.914 1.867 1.866 1.860 1.885 1.907 1.870 1.804 1.870 1.874
Sum XII 1.924 1.988 1.926 1.924 1.916 1.902 1.948 1.925 1.927 1.899 1.889 1.892 1.904 1.927 1.878 1.857 1.885 1.888
Total 15.716 15.741 15.756 15.724 15.751 15.576  15.629 15.631 15.602 15.637 15.641 15.651 15.676 15.727 15.626 15.668 15.703 15.696
Fe/(Fet+tMg) 0.490 0.490 0.490 0.500 0.510 0.670 0.66 0 0.650 0.650 0.530 0.540 0.530 0.530 0.570 0.550 0.480 0.470 0.480
YAl 2.788 2.736 2.678 2.702 2.716 2.971 2.968 2.962 2.987 2.829 2.704 2.735 2.771 2.747 2.788 2.731 2.722 2.775
ASI 1.450 1.380 1.390 1.400 1.420 1.560 1.530 1.540 1.550 1.490 1.430 1.450 1.460 1.430 1.490 1.470 1.440 1.470

Table A.2.1: Representative analyses of biotite (continued).
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Rock type Deformed biotite gramitoid

Sample NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3

3-Btl 3-Bt2 3-Bt2 3-Bt2 3-Bt3 3-Bt3 3-Bt3 3-Bt4 3-Bt4 3-Bt4 4-Btl 4-Btl 4-Btl 4-Bt2 4-Bt2 4-Bt2 4-Bt3 4-Bt3

Component oxides (wt.%)

Si0, 37.71 37.55 37.94 36.61 35.50 37.24 37.04 37.24 37.33 37.67 37.18 37.73 37.58 36.73 36.00 36.30 36.73 36.61
TiO, 1.62 1.71 2.52 2.56 1.64 221 3.37 248 2.60 1.85 1.76 1.40 2.03 1.87 2.69 1.70 1.84 1.86
AlLOs 15.23 15.40 15.30 14.96 14.84 14.72 13.71 15.14 14.75 15.45 15.60 16.19 15.48 15.60 15.10 16.29 15.50 15.56
Cr,05 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.01 0.00 0.02 0.05 0.08 0.00 0.00 0.00 0.01 0.01 0.00
MgO 12.53 12.70 11.23 11.40 10.52 12.11 11.72 11.23 11.89 13.11 13.15 13.41 13.43 11.61 10.96 10.65 11.23 10.93
CaO 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.05 0.01 0.03 0.03 0.00 0.02 0.06 0.01
MnO 0.75 0.77 0.81 0.74 0.70 1.11 0.72 0.69 0.70 0.59 0.71 0.69 0.71 0.49 0.50 0.44 0.49 0.43
FeO 18.23 17.50 18.49 18.29 18.09 17.96 19.01 18.53 18.74 16.57 17.19 16.71 17.07 20.15 20.71 21.36 20.79 20.89
BaO 0.00 0.00 0.00 0.00 0.03 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Na,O 0.10 0.09 0.10 0.06 0.08 0.10 0.05 0.06 0.09 0.09 0.05 0.07 0.10 0.09 0.08 0.03 0.16 0.16
KO 9.57 9.70 9.61 9.36 8.87 9.66 9.74 9.56 9.54 9.54 9.75 9.57 9.56 9.35 9.61 9.57 9.13 9.43
Total 95.85 95.42 96.02 94.06 90.45 95.01 95.37 94.93 95.61 94.87 95.49 95.82 95.98 95.98 95.69 96.32 95.94 95.89
Mineral structural formulas (a.p.f.u) based on 22 Oxygens

Si 5.701 5.682 5.722 5.654 5.705 5.684 5.673 5.691 5.672 5.694 5.620 5.646 5.636 5.592 5.537 5.538 5.603 5.599
ALY 2.299 2318 2278 2.346 2.295 2316 2.327 2.309 2.328 2.306 2.380 2.354 2.364 2.408 2.463 2462 2.397 2.401
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.414 0.429 0.442 0.377 0.515 0.332 0.149 0.418 0.312 0.447 0.400 0.502 0372 0.391 0.275 0.466 0.390 0.405
Cr 0.000 0.000 0.004 0.000 0.001 0.000 0.000 0.001 0.000 0.003 0.006 0.010 0.000 0.000 0.000 0.002 0.001 0.000
Ti 0.184 0.195 0.286 0.297 0.199 0.254 0.388 0.285 0.297 0.210 0.200 0.157 0.229 0214 0.312 0.195 0.211 0.214
Fe?t 2.304 2214 2332 2.362 2432 2292 2.436 2.369 2.380 2.095 2.173 2.092 2.141 2.566 2.664 2.725 2.652 2.672
Mn 0.096 0.098 0.104 0.096 0.096 0.143 0.094 0.090 0.090 0.075 0.090 0.087 0.090 0.063 0.066 0.057 0.064 0.055
Mg 2.823 2.865 2.524 2.624 2.521 2.756 2.675 2.559 2.692 2.953 2.963 2.991 3.001 2.634 2512 2421 2.553 2.493
Sum VI 5.822 5.801 5.692 5.756 5.764 5777 5.742 5.720 5.772 5.783 5.832 5.838 5.834 5.867 5.828 5.865 5.871 5.838
Ba 0.000 0.000 0.000 0.000 0.002 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.002 0.008 0.002 0.005 0.005 0.000 0.002 0.009 0.002
Na 0.028 0.026 0.029 0.016 0.023 0.029 0.016 0.017 0.028 0.026 0.014 0.021 0.028 0.028 0.023 0.009 0.047 0.047
K 1.845 1.873 1.849 1.845 1.819 1.881 1.902 1.864 1.849 1.839 1.880 1.826 1.829 1.816 1.886 1.862 1.777 1.840
Sum XII 1.873 1.899 1.877 1.862 1.848 1.916 1.918 1.881 1.876 1.867 1.902 1.850 1.861 1.849 1.909 1.873 1.833 1.890
Total 15.695 15700 15.569 15.618 15612 15693 15.660 15.601 15.649 15.650 15734 15.688 15.695 15717 15737 15.738 15703  15.728
Fe/(FetMg) 0.450 0.440 0.480 0.470 0.490 0.450 0.480 0.480 0.470 0.410 0.420 0.410 0.420 0.490 0.510 0.530 0.510 0.520
YAl 2713 2.747 2.720 2.724 2.810 2.648 2.476 2.727 2.641 2.753 2.779 2.855 2.736 2.798 2.738 2.928 2.787 2.806
ASI 1.450 1.450 1.450 1.460 1.520 1.390 1.290 1.450 1.410 1.480 1.460 1.540 1.470 1.510 1.430 1.560 1.520 1.480




Appendix A9

Table A.2.1: Representative analyses of biotite (continued).

Rock type Deformed biotite granitoid
Sample NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 TS-2B  TS-2B  TK-2B TK-2B TS-2B TK-2B TK-2B
4-Bt3 4-Bt4 4-Bt4 4-Bt4 4-Bt4 4-Bt4 4-Bt5 4-Bt5 4-Bt5 4-Bt5 4-bt5 1-Btl 1-Btl 1-Bt2 1-Bt2 1-Bt3 2-Btl 2-Bt2

Component oxides (wt.%)

SiO;, 36.77 36.53 36.07 36.48 36.89 37.21 37.49 36.35 36.99 37.58 37.03 35.46 35.36 37.67 37.18 35.58 37.73 37.58
TiO, 2.70 245 2.02 2.17 2.19 2.18 245 2.55 2.78 1.63 1.89 2.74 2.71 1.85 1.76 241 1.40 2.03
ALO; 15.27 15.22 15.37 15.46 15.42 15.60 15.28 15.41 15.53 15.92 14.60 16.07 16.09 15.45 15.60 16.06 16.19 15.48
Cr,05 0.00 0.03 0.01 0.00 0.03 0.00 0.00 0.06 0.00 0.00 0.02 0.02 0.00 0.02 0.05 0.00 0.08 0.00
MgO 11.16 11.12 11.06 11.58 11.57 11.65 11.82 10.82 10.99 12.15 12.91 6.81 691 13.11 13.15 7.33 13.41 13.43
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.01 0.05 0.00 0.01 0.03
MnO 0.46 0.49 0.51 0.53 0.67 0.81 0.78 0.78 0.79 0.32 0.49 0.30 0.37 0.59 0.71 0.31 0.69 0.71
FeO 20.42 20.42 19.94 20.10 19.23 18.57 18.89 20.22 18.82 17.72 16.04 2422 24.43 16.57 17.19 24.02 16.71 17.07
BaO 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00
Na,O 0.08 0.09 0.07 0.09 0.11 0.13 0.10 0.09 0.12 0.04 0.01 0.04 0.06 0.09 0.05 0.09 0.07 0.10
K,0 9.72 9.64 9.75 9.95 9.64 9.49 9.43 9.69 9.50 9.79 9.84 9.45 9.62 9.54 9.75 9.51 9.57 9.56
Total 97.57 96.02 94.84 96.29 95.78 95.64 96.24 95.99 95.51 95.17 92.84 95.19 95.71 94.87 95.49 95.30 95.82 95.99
Mineral structural formulas (a.p.f.u) based on 22 Oxygens

Si 5.580 5.581 5.579 5.554 5.616 5.644 5.654 5.559 5.629 5.692 5.733 5.564 5.536 5.694 5.620 5.568 5.646 5.636
ALY 2.420 2.419 2421 2.446 2.384 2.356 2.346 2.441 2.371 2.308 2267 2.436 2.464 2.306 2.380 2432 2.354 2.364
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.310 0.321 0.381 0.327 0.382 0.432 0.371 0.337 0.413 0.534 0.396 0.536 0.504 0.447 0.400 0.530 0.502 0.372
Cr 0.000 0.004 0.001 0.000 0.004 0.000 0.000 0.007 0.000 0.000 0.002 0.002 0.000 0.003 0.006 0.000 0.010 0.000
Ti 0.308 0.282 0.235 0.249 0.250 0.249 0.278 0.293 0.319 0.186 0.219 0.324 0.319 0.210 0.200 0.283 0.157 0.229
Fe?* 2.592 2.609 2.579 2.560 2448 2.355 2.383 2.587 2.394 2.244 2.076 3.179 3.198 2.095 2.173 3.143 2.092 2.141
Mn 0.059 0.064 0.067 0.068 0.086 0.104 0.099 0.102 0.102 0.041 0.065 0.040 0.049 0.075 0.090 0.041 0.087 0.090
Mg 2.525 2.532 2.549 2.629 2.625 2.634 2.657 2.467 2.493 2.743 2.980 1.594 1.612 2.953 2.963 1.709 2.991 3.001
Sum VI 5.794 5.812 5.812 5.832 5.795 5.775 5.788 5.793 5.722 5.748 5.738 5.674 5.682 5.783 5.832 5.706 5.838 5.834
Ba 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000
Ca 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.004 0.000 0.000 0.002 0.008 0.000 0.002 0.005
Na 0.022 0.027 0.020 0.027 0.032 0.039 0.028 0.027 0.034 0.012 0.004 0.011 0.017 0.026 0.014 0.028 0.021 0.028
K 1.882 1.879 1.924 1.932 1.871 1.836 1.815 1.892 1.844 1.892 1.943 1.891 1.920 1.839 1.880 1.898 1.826 1.829
Sum XII 1.905 1.906 1.945 1.959 1.906 1.875 1.844 1.921 1.878 1.906 1.950 1.902 1.948 1.867 1.902 1.925 1.850 1.861
Total 15.699  15.718 15757 15791 15.701  15.650  15.631 15.714 15599 15.654 15.689 15576  15.629 15.650 15.734  15.631  15.688  15.695
Fe/(FetMg) 0.510 0.510 0.500 0.490 0.480 0.470 0.470 0.510 0.490 0.450 0.410 0.670 0.660 0.410 0.420 0.650 0.410 0.420
YAl 2.730 2.740 2.802 2.773 2.766 2.788 2717 2.778 2.785 2.842 2.664 2.971 2.968 2.753 2.779 2.962 2.855 2.736

ASI 1.430 1.440 1.440 1.420 1.450 1.490 1.470 1.450 1.480 1.490 1.370 1.560 1.530 1.480 1.460 1.540 1.540 1.470




Appendix Al0

Table A.2.1: Representative analyses of biotite (continued).

Rock type Deformed biotite granitoid Mega feldspar granitoid
Sample TS-2B  NN-1IA NN-1A NN-1A NN-IA NN-1A NN-1A NN-IA NN-1A NN-1A BFS-7 BM1 BM1 BMI1 BM1 BM1 BMI1
3-Btl 1-Btl 1-Btl 1-Bt3 1-Bt4 1-Bt4 1-Bt5 2-Btl 2-Bt2 2-Bt3 2-Bt2 2-Btl 2Bt1 2-Bt2 2-Bt2 3-Btl 3-Bt2
Component oxides (wt.%)
SiO, 35.36 36.73 36.00 36.30 36.73 36.61 36.77 36.53 36.07 36.48 37.12 33.56 33.84 33.17 33.93 33.37 33.19
TiO, 293 1.87 2.69 1.70 1.84 1.86 2.70 245 2.02 2.17 2.03 2.35 2.17 2.16 2.46 2.25 232
ALO; 16.22 15.60 15.10 16.29 15.50 15.56 15.27 15.22 15.37 15.46 15.68 16.78 16.63 17.09 17.09 17.86 17.52
Cr,03 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.03 0.01 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00
MgO 7.09 11.61 10.96 10.65 11.23 10.93 11.16 11.12 11.06 11.58 12.18 3.90 4.02 3.59 3.83 3.59 3.86
CaO 0.00 0.03 0.00 0.02 0.06 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.05 0.04
MnO 0.31 0.49 0.50 0.44 0.49 0.43 0.46 0.49 0.51 0.53 0.38 0.69 0.72 0.59 0.74 0.92 0.78
FeO 23.94 20.15 20.71 21.36 20.79 20.89 20.42 20.42 19.94 20.10 18.52 26.73 27.22 26.71 26.93 27.02 27.62
BaO 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.04 0.09 0.08 0.03 0.16 0.16 0.08 0.09 0.07 0.09 0.13 0.04 0.03 0.03 0.09 0.05 0.06
K,O 9.60 9.35 9.61 9.57 9.13 9.43 9.72 9.64 9.75 9.95 9.68 9.19 9.15 8.80 9.18 8.71 9.09
Total 95.50 95.98 95.69 96.32 95.94 95.89 97.57 96.02 94.84 96.29 95.78 93.22 93.79 92.13 94.25 93.81 94.48
Mineral structural formulas (a.p.fu) based on 22 Oxygens
Si 5.524 5.592 5.537 5.538 5.603 5.599 5.580 5.581 5.579 5.554 5.619 5.471 5.491 5.461 5.466 5.394 5.358
ALY 2476 2.408 2.463 2.462 2.397 2.401 2.420 2.419 2421 2.446 2.381 2.529 2.509 2.539 2.534 2.606 2.642
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALY 0.511 0.391 0.275 0.466 0.390 0.405 0.310 0.321 0.381 0.327 0.415 0.694 0.671 0.776 0.711 0.798 0.693
Cr 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.004 0.001 0.000 0.005 0.000 0.001 0.000 0.000 0.000 0.000
Ti 0.344 0.214 0312 0.195 0.211 0214 0.308 0.282 0.235 0.249 0.231 0.288 0.264 0.267 0.298 0.273 0.282
Fe** 3.128 2.566 2.664 2.725 2.652 2.672 2.592 2.609 2.579 2.560 2.345 3.644 3.694 3.678 3.627 3.654 3.729
Mn 0.041 0.063 0.066 0.057 0.064 0.055 0.059 0.064 0.067 0.068 0.049 0.095 0.099 0.082 0.101 0.126 0.107
Mg 1.651 2.634 2.512 2421 2.553 2.493 2.525 2.532 2.549 2.629 2.748 0.947 0.972 0.882 0.920 0.865 0.929
Sum VI 5.675 5.867 5.828 5.865 5.871 5.838 5.794 5.812 5.812 5.832 5.793 5.668 5.702 5.685 5.657 5.716 5.740
Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.005 0.000 0.002 0.009 0.002 0.001 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.000 0.009 0.006
Na 0.013 0.028 0.023 0.009 0.047 0.047 0.022 0.027 0.020 0.027 0.038 0.011 0.010 0.009 0.029 0.014 0.020
K 1.914 1.816 1.886 1.862 1.777 1.840 1.882 1.879 1.924 1.932 1.870 1.912 1.894 1.848 1.887 1.796 1.873
Sum XII 1.927 1.849 1.909 1.873 1.833 1.890 1.905 1.906 1.945 1.959 1.911 1.923 1.904 1.857 1.915 1.819 1.899
Total 15.602 15.717 15.737  15.738 15.703 15.728  15.699 15718 15.757  15.791 15.704 15.591  15.606 15.543 15572 15.535 15.639
Fe/(FetMg) 0.650 0.490 0.510 0.530 0.510 0.520 0.510 0.510 0.500 0.490 0.460 0.790 0.790 0.810 0.800 0.810 0.800
>Al 2.987 2.798 2.738 2.928 2.787 2.806 2.730 2.740 2.802 2.773 2.797 3.224 3.180 3.315 3.245 3.404 3334

ASI 1.550 1.510 1.430 1.560 1.520 1.480 1.430 1.440 1.440 1.420 1.460 1.680 1.670 1.790 1.690 1.870 1.760




Appendix All
Table A.2.1: Representative analyses of biotite (continued).
Rock type Mega feldspar granitoid
Sample BMI BMI1 BMl DML-1 DML-1 DML-I DML-I DML-1 DML-I DML-1 DML-1 DML-1 DML-1 DML-1 DML-l DML-1 KO-12 KO-12
4-Btl 4-Bt2 4-Bt3 1-Btl 1-Btl 1-Btl 1-Bt2 1-Bt2 1-Bt2 1-Bt3 1-Bt3 1-Bt3 1-Bt4 1-Bt4 1-Bt5 1-Bt5  1-Btl 1-Btl
Component oxides (wt.%)
SiO, 33.89 33.92 34.89 34.76 34.70 34.54 34.52 34.21 34.69 33.55 34.43 34.60 34.40 34.60 34.77 34.11 35.00 34.76
TiO, 321 3.33 2.96 1.77 2.55 1.79 1.87 1.74 1.72 1.74 2.87 2.33 2.44 2.26 331 2.31 2.72 2.48
ALO; 16.73 16.60 16.81 16.97 16.31 16.94 16.21 17.02 16.75 16.29 15.96 16.23 16.09 16.40 16.25 16.04 15.62 15.52
Cr,0; 0.06 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.05 0.01 0.00 0.01 0.00 0.01 0.02
MgO 3.40 343 3.52 421 4.13 4.27 422 4.20 4.24 4.10 3.83 4.17 4.14 4.17 3.85 4.11 7.66 7.87
CaO 0.02 0.00 0.03 0.00 0.01 0.02 0.04 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
MnO 0.36 0.50 0.31 0.31 0.38 0.33 0.37 0.30 0.39 0.26 0.31 0.36 0.36 0.31 0.32 0.37 0.41 0.37
FeO 27.54 27.73 26.89 27.60 28.19 27.82 28.34 28.96 28.48 26.13 28.30 28.42 28.35 28.26 28.23 27.72 23.14 23.31
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.15 0.00 0.06 0.04 0.08 0.15 0.02 0.04 0.04 0.07 0.05 0.03 0.04 0.05 0.06 0.05 0.14 0.03
KO0 8.26 9.05 8.36 9.46 9.55 9.11 9.35 8.90 9.29 8.78 9.38 9.40 9.37 9.33 9.39 9.22 9.30 9.40
Total 93.62 94.56 93.83 95.12 95.92 94.97 94.94 95.42 95.60 90.91 95.13 95.59 95.19 95.38 96.18 93.93 93.99 93.77
Mineral structural formulas (a.p.f.u) based on 22 Oxygens
Si 5.478 5.458 5.588 5.546 5.519 5.522 5.550 5.469 5.529 5.577 5.526 5.525 5.520 5.527 5.506 5.534 5.544 5.530
ALY 2.522 2.542 2412 2.454 2.481 2478 2.450 2.531 2471 2423 2474 2.475 2.480 2473 2.494 2.466 2.456 2.470
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.666 0.607 0.760 0.738 0.576 0.714 0.621 0.675 0.676 0.768 0.544 0.580 0.562 0.616 0.539 0.600 0.460 0.439
Cr 0.007 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.002 0.006 0.001 0.000 0.001 0.000 0.001 0.003
Ti 0.391 0.404 0.356 0.213 0.305 0.216 0.226 0.209 0.206 0.217 0.346 0.280 0.294 0.272 0.394 0.282 0.323 0.297
Fe*'tot 3.723 3.733 3.602 3.683 3.749 3.719 3.810 3.872 3.797 3.632 3.799 3.796 3.805 3.776 3.738 3.761 3.066 3.101
Mn 0.049 0.067 0.042 0.042 0.052 0.044 0.050 0.040 0.052 0.036 0.042 0.048 0.049 0.042 0.043 0.050 0.055 0.049
Mg 0.820 0.823 0.841 1.002 0.979 1.017 1.012 1.001 1.006 1.015 0.917 0.993 0.989 0.992 0.909 0.995 1.808 1.867
Sum VII 5.655 5.634 5.600 5.677 5.663 5.710 5.719 5.797 5.738 5.668 5.650 5.702 5.700 5.698 5.625 5.688 5.713 5.757
Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.004 0.000 0.006 0.000 0.002 0.003 0.006 0.007 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Na 0.046 0.001 0.019 0.011 0.024 0.048 0.006 0.013 0.013 0.022 0.016 0.010 0.011 0.015 0.019 0.016 0.042 0.008
K 1.704 1.858 1.709 1.926 1.938 1.857 1.918 1.816 1.889 1.862 1.920 1.915 1.919 1.901 1.896 1.909 1.880 1.908
Sum XII 1.754 1.859 1.734 1.937 1.964 1.909 1.931 1.836 1.905 1.884 1.936 1.926 1.930 1.916 1.915 1.925 1.922 1.918
Total 15.409 15.493 15.334 15.614 15.627 15.619 15.650 15.633 15.643 15.553 15.586 15.628 15.629 15.615 15.540 15.613 15.635 15.675
Fe/(FetMg) 0.820 0.820 0.810 0.790 0.790 0.790 0.782 0.789 0.790 0.780 0.810 0.790 0.790 0.790 0.800 0.790 0.630 0.621
YAl 3.188 3.149 3.172 3.192 3.056 3.192 3.071 3.206 3.147 3.191 3.018 3.055 3.042 3.089 3.034 3.067 2916 2910
ASI 1.820 1.690 1.830 1.650 1.560 1.670 1.599 1.759 1.659 1.690 1.560 1.590 1.580 1.610 1.580 1.590 1.520 1.522




Appendix Al2
Table A.2.1 Representative analyses of biotite (continued).
Rock type Mega feldspar granitoid
Sample KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12  KO-12
1-Btl 1-Bt2 1-Bt2 1-Bt2 1-Bt3 1-Bt3 1-Bt3 1-Bt4 1-Bt4 1-Bt4 1-Bt5 1-Bt5 1-Bt5 2-Btl 2-Btl 2-Bt2 2-Bt2 2-Bt2
Component oxides (wt.%)
SiO, 35.07 35.41 35.90 35.00 35.60 35.18 35.28 35.50 35.52 35.40 35.38 35.88 36.03 35.44 35.98 35.83 35.83 35.23
TiO, 2.60 243 0.71 2.14 2.19 2.67 2.54 2.66 230 2.66 3.11 2.52 292 3.17 3.00 2.46 3.06 2.74
ALOs 15.49 15.26 16.12 15.67 16.27 16.12 1591 15.43 15.87 15.56 15.64 16.04 16.02 15.59 15.81 16.03 15.44 15.53
Cr,03 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.01 0.03
MgO 8.03 8.10 9.06 7.77 8.10 7.58 7.64 7.46 7.81 7.71 7.31 7.81 7.46 7.22 7.67 791 7.45 7.50
CaO 0.00 0.00 0.01 0.00 0.01 0.02 0.03 0.04 0.05 0.01 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.00
MnO 0.32 0.37 0.32 0.35 0.31 0.34 0.35 0.35 0.30 0.41 0.40 0.30 0.37 0.42 0.38 0.37 0.31 0.40
FeO 23.46 23.08 22.18 22.57 22.61 22.85 22.93 23.38 22.38 23.25 23.13 22.56 22.90 24.01 22.88 23.24 23.30 23.18
BaO 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.08 0.12 0.03 0.07 0.01 0.04 0.05 0.03 0.06 0.00 0.04 0.03 0.03 0.03 0.13 0.05 0.01 0.02
K,O 9.34 9.32 9.34 9.20 9.42 9.49 9.34 9.44 8.99 9.45 9.38 9.43 9.45 9.34 9.22 9.43 9.28 9.28
Total 94.39 94.10 93.67 92.76 94.57 94.30 94.07 94.30 93.28 94.44 94.39 94.58 95.21 95.22 95.11 95.33 94.69 93.90
Mineral structural formulas (a.p.f.u) based on 22 Oxygens
Si 5.537 5.595 5.654 5.596 5.572 5.540 5.567 5.604 5.621 5.578 5.572 5.609 5.604 5.553 5.600 5.578 5.616 5.580
ALY 2.463 2.405 2.346 2.404 2.428 2.460 2.433 2.396 2.379 2422 2.428 2.391 2.396 2.447 2.400 2422 2.384 2.420
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.421 0.438 0.645 0.548 0.573 0.532 0.527 0.474 0.581 0.467 0.476 0.564 0.540 0.432 0.500 0.520 0.468 0.478
Cr 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.002 0.004 0.000 0.000 0.000 0.001 0.003
Ti 0.308 0.289 0.084 0.257 0.258 0.317 0.302 0316 0.273 0.316 0.369 0.296 0.341 0.374 0.351 0.288 0.361 0.326
Fe’*tot 3.098 3.051 2.921 3.017 2.959 3.010 3.027 3.087 2.962 3.064 3.046 2.950 2.978 3.147 2.978 3.025 3.054 3.070
Mn 0.043 0.049 0.042 0.048 0.041 0.046 0.046 0.047 0.041 0.054 0.053 0.040 0.049 0.056 0.051 0.048 0.041 0.054
Mg 1.889 1.909 2.128 1.851 1.889 1.780 1.798 1.756 1.843 1.810 1.716 1.820 1.731 1.687 1.779 1.835 1.741 1.771
Sum VII 5.760 5.736 5.821 5.722 5.723 5.684 5.699 5.682 5.700 5.711 5.660 5.672 5.643 5.695 5.657 5.716 5.667 5.703
Ba 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.002 0.001 0.002 0.004 0.005 0.007 0.009 0.001 0.000 0.000 0.000 0.000 0.007 0.003 0.000 0.000
Na 0.025 0.038 0.010 0.022 0.004 0.013 0.015 0.009 0.020 0.000 0.011 0.008 0.009 0.010 0.040 0.015 0.003 0.005
K 1.881 1.880 1.877 1.876 1.880 1.906 1.881 1.901 1.815 1.900 1.885 1.880 1.875 1.866 1.830 1.873 1.857 1.876
Sum XII 1.906 1.917 1.889 1.898 1.888 1.923 1.901 1.916 1.843 1.901 1.895 1.888 1.884 1.876 1.877 1.891 1.860 1.881
Total 15.666 15.653 15.710  15.620 15.610 15.607 15.600  15.599 15.543 15.612 15.555 15.560 15527  15.572 15.534  15.607 15.527 15.584
Fe/(Fet+tMg) 0.623 0.624 0.582 0.623 0.610 0.632 0.633 0.640 0.623 0.631 0.640 0.622 0.631 0.65 0.632 0.623 0.643 0.632
YAl 2.883 2.843 2.992 2.952 3.001 2.992 2.959 2.870 2.959 2.889 2.904 2.954 2.936 2.879 2.900 2.942 2.852 2.898
ASI 1.511 1.482 1.584 1.561 1.591 1.564 1.560 1.501 1.611 1.523 1.534 1.564 1.563 1.53 1.551 1.561 1.532 1.543




Appendix Al3

Table A.2.1: Representative analyses of biotite (continued).

Rock type Mega feldspar granitoid
Sample KO-12 KO-12  KO-12 KO-12 KO-12 KO-12 KO-12  KO-12 KO-12 KO-12 KO-12  KO-12  KO-12 TE-6 TE-6 TE-6 TE-6 TE-6
2-Bt3 2-Bt3 2-Bt3 2-Bt4 2-Bt4 2-Bt4 3-Btl 3-Btl 3-Btl 3-Bt2 3-Bt2 3-Bt3 3-Bt3 1-Btl 1-Bt2 1-Bt3 2-Btl 2-Bt2
Component oxides (wt.%)
Si0, 35.38 35.64 35.80 35.52 35.52 35.98 35.74 35.59 35.45 35.30 35.38 35.68 35.51 36.20 36.38 36.10 36.00 35.56
TiO, 2.58 2.54 2.71 2.58 2.80 233 3.05 2.19 2.55 2.60 3.15 2.96 2.99 341 3.38 3.31 3.10 2.94
AlLOs 15.46 15.74 16.23 15.65 15.85 16.25 15.45 15.67 15.42 15.62 15.46 16.04 16.10 15.77 15.01 15.12 15.31 15.03
Cr,05 0.01 0.04 0.06 0.05 0.02 0.07 0.02 0.00 0.05 0.00 0.00 0.03 0.00 0.02 0.07 0.09 0.05 0.05
MgO 7.81 7.59 7.55 7.71 7.44 7.99 7.34 7.74 7.99 7.76 7.94 791 7.58 10.18 10.14 10.33 10.45 9.48
CaO 0.02 0.02 0.00 0.03 0.00 0.00 0.00 0.03 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
MnO 0.30 0.34 0.34 0.32 0.36 0.37 0.31 0.31 0.32 0.33 0.32 0.34 0.64 0.37 0.45 0.43 0.40 0.41
FeO 23.70 23.34 22.50 23.18 23.47 22.63 22.66 22.68 22.59 22.72 22.21 22.74 22.39 20.86 21.31 20.82 20.72 22.71
BaO 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Na,O 0.10 0.13 0.10 0.07 0.07 0.05 0.07 0.07 0.03 0.11 0.05 0.08 0.03 0.11 0.08 0.11 0.06 0.05
K,0 9.48 9.16 9.31 9.20 9.22 9.36 9.19 8.97 9.21 9.19 9.46 9.33 9.35 9.62 9.57 9.50 9.62 9.64
Total 94.83 94.53 94.63 94.29 94.74 95.02 93.83 93.24 93.66 93.67 93.96 95.10 94.60 96.42 96.38 95.83 95.73 95.93
Mineral structural formulas (a.p.f.u) based on 22 Oxygens
Si 5.565 5.597 5.592 5.592 5.571 5.597 5.636 5.643 5.609 5.587 5.5717 5.554 5.559 5.507 5.560 5.540 5.530 5.515
ALY 2435 2.403 2.408 2.408 2.429 2.403 2.364 2.357 2.391 2413 2423 2.446 2441 2.493 2.440 2.460 2.470 2.485
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.431 0.510 0.580 0.495 0.501 0.575 0.509 0.571 0.484 0.501 0.448 0.497 0.529 0.336 0.264 0.275 0.301 0.261
Cr 0.001 0.005 0.008 0.006 0.002 0.008 0.002 0.000 0.006 0.000 0.000 0.003 0.000 0.002 0.008 0.011 0.006 0.006
Ti 0.305 0.300 0.318 0.306 0.331 0.272 0.362 0.261 0.303 0.310 0.373 0.347 0.352 0.390 0.388 0.382 0.358 0.343
Fe’*tot 3.118 3.065 2.939 3.051 3.078 2.944 2.989 3.007 2.989 3.007 2.927 2.961 2.931 2.655 2.724 2.671 2.661 2.945
Mn 0.039 0.045 0.044 0.042 0.048 0.049 0.042 0.041 0.043 0.045 0.042 0.044 0.085 0.048 0.058 0.055 0.052 0.053
Mg 1.832 1.778 1.758 1.810 1.739 1.853 1.726 1.828 1.884 1.831 1.865 1.836 1.770 2.308 2.310 2.364 2.393 2.192
Sum VII 5.727 5.703 5.647 5.710 5.699 5.702 5.629 5.709 5.710 5.694 5.656 5.688 5.666 5.738 5.751 5.759 5.771 5.801
Ba 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Ca 0.004 0.003 0.000 0.004 0.000 0.000 0.000 0.005 0.002 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004
Na 0.030 0.041 0.030 0.020 0.023 0.015 0.023 0.022 0.008 0.033 0.015 0.024 0.009 0.032 0.023 0.032 0.019 0.016
K 1.902 1.834 1.855 1.847 1.844 1.857 1.849 1.815 1.858 1.856 1.903 1.852 1.868 1.867 1.866 1.860 1.885 1.907
Sum XII 1.936 1.879 1.887 1.872 1.867 1.872 1.872 1.841 1.870 1.896 1.917 1.876 1.877 1.899 1.889 1.892 1.904 1.927
Total 15.662 15582 15535  15.581  15.566  15.574 15501  15.550 15580 15590 15.573 15564 15.543 15.637 15.641 15.651  15.676  15.727
Fe/(FetMg) 0.631 0.632 0.631 0.634 0.642 0.613 0.632 0.620 0.611 0.620 0.612 0.623 0.622 0.531 0.543 0.532 0.533 0.573
YAl 2.867 2914 2.988 2.903 2.930 2.978 2.872 2.929 2.876 2914 2.871 2.943 2.970 2.829 2.704 2.735 2.771 2.747

ASI 1.482 1.552 1.594 1.551 1.571 1.594 1.531 1.591 1.540 1.540 1.501 1.571 1.582 1.490 1.430 1.451 1.463 1.431



Appendix Al4

Table A.2.1: Representative analyses of biotite (continued).

Rock type Two-mica granitoid
Sample TE-6 BM-3 BM-3 BM-3 BM-3 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6
2-Bt3 1-Btl 1-Bt2 1Bt3 1-Bt4 1-Btl 1-Btl 1-Bt2 1-Bt2 1-Bt3 1-Bt3 1-Bt4 1-Bt4 1-Bt4 1-Bt5 1-Bt5 2-Btl
Component oxides (wt.%)
Si0, 36.03 33.89 34.01 33.98 34.24 34.65 34.54 3491 34.86 34.62 34.16 34.81 34.30 34.99 35.20 34.84 35.13
TiO, 2.97 3.32 3.36 3.60 291 1.97 1.78 221 2.59 2.56 2.65 247 2.74 223 2.67 2.56 2.12
ALO; 15.30 16.80 16.89 16.66 17.18 17.73 17.67 17.59 17.73 18.33 17.45 17.63 17.88 17.79 17.97 17.76 17.71
Cr,05 0.01 0.00 0.01 0.03 0.00 0.04 0.00 0.08 0.00 0.00 0.01 0.00 0.00 0.05 0.00 0.02 0.00
MgO 9.76 3.65 3.74 3.69 3.86 4.10 437 4.13 3.88 3.75 3.82 391 3.78 4.19 3.99 4.08 3.88
CaO 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.04 0.00 0.00 0.02 0.00 0.02 0.02
MnO 0.35 0.54 0.57 0.58 0.55 0.53 0.37 0.37 0.52 0.49 0.51 0.38 0.38 0.44 0.56 0.50 0.43
FeO 21.23 27.37 27.04 27.56 26.48 25.25 2534 25.19 25.30 25.14 24.73 24.55 25.18 24.52 23.97 25.29 2421
BaO 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.01 0.07 0.05 0.05 0.07 0.08 0.02 0.06 0.03 0.08 0.09 0.06 0.05 0.05 0.07 0.03 0.06
KO 9.48 9.28 9.12 9.10 9.25 9.00 8.89 9.14 9.10 9.16 9.09 9.03 8.57 9.28 9.44 9.06 8.70
Total 95.22 94.92 94.92 94.92 94.54 93.35 93.00 93.68 94.02 94.12 92.55 92.85 92.89 93.56 93.85 94.16 92.27
Mineral structural formulas (apfu) based on 22 Oxygens
Si 5.571 5.432 5.432 5.432 5.476 5.559 5.558 5.575 5.550 5.502 5.529 5.589 5.513 5.580 5.583 5.537 5.651
ALY 2.429 2.568 2.568 2.568 2.524 2.441 2442 2425 2.450 2.498 2.471 2411 2.487 2.420 2417 2463 2.349
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.358 0.606 0.606 0.606 0.714 0.910 0.909 0.886 0.877 0.935 0.859 0.925 0.901 0.923 0.941 0.864 1.007
Cr 0.002 0.000 0.000 0.000 0.000 0.005 0.000 0.010 0.000 0.000 0.001 0.000 0.000 0.006 0.000 0.002 0.000
Ti 0.346 0.401 0.401 0.401 0.350 0.238 0.216 0.265 0.311 0.306 0.322 0.298 0.331 0.267 0.318 0.306 0.257
Fe’*tot 2.745 3.669 3.669 3.669 3.542 3.387 3.410 3.364 3.369 3.341 3.348 3.297 3.385 3.271 3.178 3.362 3.257
Mn 0.046 0.073 0.073 0.073 0.074 0.072 0.050 0.050 0.071 0.066 0.069 0.052 0.051 0.060 0.075 0.067 0.058
Mg 2.250 0.873 0.873 0.873 0.920 0.981 1.047 0.984 0.920 0.888 0.923 0.937 0.905 0.997 0.943 0.967 0.931
Sum VII 5.748 5.621 5.621 5.621 5.599 5.592 5.632 5.558 5.547 5.536 5.522 5.509 5.574 5.524 5.456 5.567 5.509
Ba 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.007 0.001 0.001 0.004 0.000 0.003 0.003
Na 0.003 0.021 0.021 0.021 0.023 0.024 0.006 0.020 0.009 0.023 0.028 0.020 0.016 0.014 0.020 0.010 0.019
K 1.870 1.898 1.898 1.898 1.888 1.842 1.825 1.862 1.848 1.858 1.878 1.850 1.758 1.887 1.909 1.836 1.785
Sum XII 1.878 1.919 1.919 1.919 1.911 1.866 1.834 1.881 1.857 1.881 1.914 1.871 1.775 1.905 1.929 1.849 1.808
Total 15.626 15540  15.540 15540 15510 15459 15466 15440 15405 15416 15436 15380 15349 15429 15385 15416 15317
Fe/(Fe+Mg) 0.550 0.808 0.808 0.808 0.794 0.775 0.765 0.774 0.785 0.790 0.784 0.779 0.789 0.766 0.771 0.777 0.778
YAl 2.788 3.174 3.174 3.174 3.238 3.351 3.351 3.310 3.327 3.433 3.330 3.336 3.388 3.344 3.358 3.326 3.357

ASI 1.490 1.651 1.653 1.654 1.691 1.801 1.833 1.764 1.791 1.831 1.742 1.781 1911 1.763 1.743 1.803 1.863




Appendix AlS
Table A.2.1: Representative analyses of biotite (continued).

Rock type Two-mica granitoid

Sample BAN-6 BAN-6 NO30  NO30  NO30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30

2-Btl 3-Btl 1-Btl 1-Btl 1-Btl 1-Bt2 1-Bt2 1-Bt3 1-Bt3 1-Bt4 1-Bt4 1-Bt5 1-Bt5 2-Btl 2-Btl 2-Btl 2-Btl 2-Bt2

Component oxides (wt.%)

Si0, 35.01 35.31 34.97 35.26 34.45 34.96 34.34 34.72 35.47 34.19 34.02 33.56 34.68 34.85 35.14 34.99 34.72 35.11
TiO, 3.09 2.18 2.76 2.68 2.76 2.88 2.86 2.85 2.53 2.76 244 2.65 3.16 3.44 2.79 3.38 3.09 3.07
AlLOs 17.79 17.69 15.81 15.85 15.80 15.60 15.85 16.27 15.59 15.67 15.76 15.48 16.05 15.61 15.90 15.69 15.70 15.94
Cr,03 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.00 0.02 0.01 0.00 0.03 0.00 0.00 0.03 0.05
MgO 4.01 4.12 6.49 6.82 6.85 7.02 6.64 6.61 7.69 6.67 6.94 6.69 6.38 6.05 6.15 5.81 6.20 5.97
CaO 0.02 0.00 0.03 0.03 0.03 0.02 0.00 0.01 0.08 0.03 0.07 0.04 0.00 0.01 0.01 0.55 0.04 0.00
MnO 0.59 0.43 0.26 0.26 0.21 0.23 0.27 0.23 0.19 0.27 0.26 0.22 0.19 0.24 0.24 0.11 0.19 0.20
FeO 24.75 24.77 24.84 23.46 24.29 24.70 24.71 24.67 24.01 24.87 24.73 24.88 2522 24.60 25.25 25.24 25.23 25.15
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.07 0.06 0.05 0.09 0.09 0.08 0.08 0.03 0.14 0.09 0.11 0.06 0.04 0.05 0.03 0.05 0.06 0.00
KO 9.29 9.04 9.32 8.76 8.79 9.45 9.32 9.42 8.94 9.46 8.98 9.21 9.46 9.49 9.46 9.03 9.30 9.50
Total 94.62 93.61 94.52 93.22 93.22 94.95 94.10 94.81 94.65 93.99 93.32 92.81 95.18 94.37 94.97 94.86 94.55 95.00
Mineral structural formulas (apfit) based on 22 Oxygens

Si 5.529 5.620 5.546 5.609 5.609 5.522 5.481 5.486 5.577 5.477 5.473 5.452 5.477 5.539 5.556 5.535 5.519 5.547
ALY 2471 2.380 2454 2.391 2.391 2.478 2.519 2514 2423 2.523 2.527 2.548 2.523 2.461 2.444 2.465 2481 2.453
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.840 0.938 0.501 0.581 0.581 0.425 0.463 0.517 0.465 0.436 0.461 0.415 0.463 0.464 0.519 0.461 0.460 0.515
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.000 0.002 0.001 0.000 0.004 0.000 0.000 0.004 0.006
Ti 0.367 0.261 0.329 0.321 0.321 0.342 0.343 0.338 0.299 0.333 0.295 0.324 0.375 0.411 0.331 0.403 0.369 0.365
Fe*'tot 3.268 3.297 3.294 3.121 3.121 3.263 3.299 3.259 3.156 3.331 3.328 3.380 3.331 3.270 3.339 3.339 3.354 3.323
Mn 0.079 0.058 0.035 0.035 0.035 0.030 0.037 0.031 0.025 0.036 0.035 0.030 0.026 0.032 0.032 0.015 0.025 0.027
Mg 0.943 0.978 1.534 1.618 1.618 1.654 1.579 1.556 1.802 1.592 1.665 1.620 1.502 1.433 1.449 1.370 1.469 1.407
Sum VII 5.497 5.532 5.693 5.676 5.676 5.715 5.721 5.704 5.748 5.727 5.786 5.770 5.697 5.614 5.670 5.588 5.681 5.644
Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.004 0.000 0.004 0.005 0.005 0.004 0.000 0.002 0.014 0.004 0.011 0.007 0.000 0.001 0.002 0.092 0.007 0.000
Na 0.021 0.019 0.016 0.029 0.029 0.026 0.026 0.009 0.042 0.026 0.034 0.020 0.012 0.015 0.010 0.015 0.017 0.000
K 1.872 1.836 1.886 1.779 1.779 1.904 1.897 1.899 1.793 1.932 1.843 1.909 1.905 1.925 1.908 1.821 1.886 1914
Sum XII 1.898 1.856 1.906 1.812 1.812 1.934 1.924 1.910 1.849 1.963 1.889 1.937 1.917 1.941 1.920 1.929 1.910 1914
Total 15.395 15.388 15599 15488 15488  15.649 15.646 15.613 15597 15690 15675 15707 15.614 15555 15590 15518 15.591  15.558
Fe/(Fe+tMg) 0.776 0.771 0.682 0.659 0.659 0.664 0.676 0.677 0.637 0.677 0.667 0.676 0.689 0.695 0.697 0.709 0.695 0.703
YAl 3.310 3.319 2.955 2972 2972 2.904 2.982 3.031 2.888 2.959 2.988 2.963 2.987 2.924 2.963 2.926 2.940 2.968
ASI 1.741 1.793 1.552 1.641 1.643 1.504 1.554 1.591 1.563 1.513 1.584 1.531 1.562 1.513 1.541 1.524 1.542 1.552




Appendix Al6
Table A.2.1: Representative analyses of biotite (continued).

Rock type Two-mica granitoid

Sample NO-30 NO-30  NO-30 NO-30  NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30

2-Bt3 2-Bt3 2-Bt3 2-Bt4 2-Bt4 2-Bt4 3-Btl 3-Btl 3-Btl 3-Bt2 3-Bt2 3-Bt2 3-Bt3 3-Bt3 3-Bt4 4-Btl 4-Btl 4-Btl

Component oxides (wt.%)

Si0, 34.18 34.71 35.15 34.03 34.28 33.62 34.78 34.75 34.51 35.07 34.93 35.00 34.21 34.25 34.58 34.57 34.67 34.92
TiO, 3.83 2.71 2.61 3.03 3.02 2.90 3.11 3.16 2.71 2.79 2.74 2.80 324 3.19 3.26 2.86 2.18 2.81
AlLOs 15.84 16.51 16.46 16.32 16.15 16.22 16.35 16.31 16.16 16.66 16.50 16.25 16.35 16.08 16.19 16.08 16.78 15.65
Cr,03 0.01 0.01 0.02 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.05 0.01 0.00 0.02 0.00 0.07
MgO 5.26 6.00 6.22 577 5.79 5.60 6.00 5.90 6.05 6.24 6.38 6.35 5.86 5.97 5.83 5.94 5.92 6.40
CaO 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.27 0.20 0.22 0.24 0.28 0.30 0.22 0.26 0.23 0.21 0.23 0.21 0.23 0.20 0.17 0.23 0.18 0.20
FeO 25.85 2591 24.70 25.94 26.56 26.45 25.01 25.23 25.56 24.30 24.54 24.28 25.57 25.14 25.21 25.75 24.96 25.58
BaO 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.05 0.13 0.09 0.13 0.06 0.04 0.05 0.05 0.05 0.07 0.12 0.08 0.08 0.07 0.03 0.06 0.06 0.08
K,0 9.46 9.30 9.36 9.42 9.44 9.38 9.45 9.51 9.16 9.31 9.48 9.35 9.58 9.35 9.42 9.36 9.33 9.49
Total 94.75 95.47 94.82 94.87 95.59 94.53 94.97 95.16 94.44 94.66 94.92 94.32 95.16 94.26 94.68 94.86 94.08 95.18
Mineral structural formulas (apfit) based on 22 Oxygens

Si 5.453 5.472 5.543 5.421 5.433 5.397 5.494 5.488 5.495 5.527 5.507 5.542 5.424 5.465 5.487 5.492 5.522 5.525
ALY 2.547 2.528 2457 2.579 2.567 2.603 2.506 2512 2.505 2.473 2.493 2458 2.576 2.535 2.513 2.508 2478 2475
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
ALV 0.431 0.540 0.601 0.485 0.450 0.467 0.538 0.524 0.528 0.621 0.572 0.574 0.478 0.490 0.516 0.502 0.671 0.444
Cr 0.002 0.001 0.002 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.006 0.002 0.000 0.002 0.000 0.009
Ti 0.459 0.322 0.309 0.363 0.360 0.350 0.369 0.375 0.324 0.331 0.325 0.334 0.386 0.383 0.389 0.342 0.261 0.334
Fe*'tot 3.449 3.417 3.257 3.457 3.520 3.551 3.304 3.332 3.404 3.202 3.236 3.215 3.391 3.355 3.346 3.420 3.325 3.385
Mn 0.036 0.027 0.030 0.033 0.037 0.041 0.029 0.035 0.031 0.027 0.030 0.028 0.031 0.026 0.023 0.031 0.024 0.026
Mg 1.250 1.411 1.462 1.370 1.368 1.341 1.412 1.388 1.436 1.467 1.500 1.499 1.385 1.420 1.378 1.406 1.405 1.509
Sum VII 5.627 5.717 5.661 5.707 5.734 5.750 5.653 5.653 5.723 5.648 5.663 5.651 5.678 5.676 5.651 5.703 5.686 5.706
Ba 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.000 0.003 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.017 0.039 0.028 0.040 0.018 0.013 0.017 0.015 0.015 0.021 0.037 0.024 0.026 0.021 0.009 0.018 0.018 0.025
K 1.925 1.870 1.883 1914 1.908 1.921 1.904 1.917 1.860 1.872 1.907 1.889 1.937 1.904 1.908 1.897 1.896 1.917
Sum XII 1.941 1.909 1.912 1.954 1.928 1.935 1.922 1.932 1.878 1.894 1.943 1.913 1.963 1.925 1.917 1914 1.914 1.942
Total 15.569 15.626 15574 15.661  15.662 15.685 15.575 15585 15.601 15.542 15.607 15564 15.641 15.601  15.568 15.618 15599  15.648
Fe/(Fe+tMg) 0.734 0.708 0.690 0.716 0.720 0.726 0.701 0.706 0.703 0.686 0.683 0.682 0.710 0.703 0.708 0.709 0.703 0.692
YAl 2978 3.068 3.059 3.064 3.017 3.069 3.044 3.036 3.032 3.095 3.066 3.032 3.055 3.025 3.028 3.010 3.149 2918
ASI 1.531 1.611 1.603 1.571 1.560 1.590 1.591 1.573 1.613 1.634 1.583 1.592 1.561 1.571 1.581 1.574 1.652 1.502




Appendix

Al7

Table A.2.1: Representative analyses of biotite (continued).

Rock type Two-mica granitoid
Sample NO-30 NO-30  NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30  NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30
4-Bt2 4-Bt2 4-Bt2 4-Bt3 4-Bt3 4-Bt3 4-Bt3 4-Bt3 4-Bt3 4-Bt4 4-Bt4 4-Bt4  4-Bt4 4-Bt4 4-Bt5 4-Bt5 4-Bt5
Component oxides (wt.%)
Si0, 35.15 34.25 34.84 34.05 35.04 34.16 34.41 34.24 34.49 34.41 34.49 3431 34.26 34.98 34.04 33.64 34.58
TiO, 2.68 2.52 2.75 2.99 2.92 3.19 2.82 2.56 2.78 2.89 3.17 2.95 3.03 2.81 2.82 271 2.96
AlLOs 15.88 16.32 16.55 16.00 15.94 16.43 16.40 15.91 15.55 15.89 16.09 1630  15.86 16.21 15.66 16.50 16.19
Cr,03 0.00 0.05 0.00 0.02 0.02 0.02 0.04 0.03 0.00 0.00 0.03 0.03 0.05 0.00 0.03 0.00 0.04
MgO 6.15 6.25 6.26 5.80 6.00 5.81 5.98 6.07 6.21 6.17 6.10 6.02 5.79 6.28 6.05 6.06 6.15
CaO 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.03 0.03 0.00 0.00
MnO 0.16 0.26 0.20 0.17 0.18 0.29 0.19 0.23 0.20 0.23 0.17 0.27 0.27 0.22 0.19 0.26 0.22
FeO 25.48 25.17 24.86 25.90 25.68 25.83 25.02 25.52 25.73 25.50 25.36 2531  25.95 25.50 25.99 25.98 26.20
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.06 0.07 0.07 0.15 0.09 0.06 0.10 0.11 0.08 0.06 0.06 0.13 0.17 0.10 0.17 0.13 0.06
K,0 9.43 9.41 9.61 9.14 9.39 9.40 9.38 9.31 9.43 9.42 9.36 9.18 9.22 9.30 9.15 9.09 9.30
Total 94.98 94.29 95.12 94.26 95.26 95.18 94.33 93.98 94.47 94.56 94.83 9454  94.63 95.43 94.15 94.37 95.69
Mineral structural formulas (apfit) based on 22 Oxygens
Si 5.559 5.466 5.493 5.453 5.533 5.416 5.478 5.493 5.511 5.484 5.471 5457  5.469 5.506 5.466 5.385 5.452
ALY 2441 2.534 2.507 2.547 2467 2.584 2.522 2.507 2.489 2.516 2.529 2.543  2.531 2.494 2.534 2.615 2.548
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000  8.000 8.000 8.000 8.000 8.000
ALV 0.520 0.535 0.568 0.474 0.499 0.487 0.556 0.502 0.439 0.468 0.479 0.514 0453 0.512 0.430 0.498 0.460
Cr 0.000 0.006 0.000 0.002 0.002 0.002 0.004 0.004 0.000 0.000 0.004 0.004  0.006 0.000 0.003 0.000 0.005
Ti 0.319 0.303 0.326 0.360 0.347 0.381 0.338 0.308 0.334 0.347 0.378 0352 0364 0.332 0.341 0.326 0.351
Fe*'tot 3.371 3.359 3.278 3.469 3.391 3.425 3.331 3.424 3.438 3.398 3.364 3367 3464 3.356 3.490 3.478 3.455
Mn 0.022 0.036 0.026 0.023 0.024 0.039 0.026 0.031 0.027 0.031 0.022 0.037  0.036 0.030 0.026 0.036 0.029
Mg 1.449 1.486 1.470 1.385 1.412 1.373 1.420 1.452 1.479 1.466 1.443 1.428 1377 1.474 1.449 1.446 1.446
Sum VII 5.681 5.725 5.667 5.714 5.676 5.706 5.675 5.722 5.717 5.710 5.690 5702  5.700 5.705 5.740 5.784 5.746
Ba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006  0.006 0.005 0.006 0.000 0.000
Na 0.018 0.020 0.021 0.046 0.028 0.018 0.031 0.035 0.024 0.019 0.018 0.041  0.053 0.030 0.053 0.039 0.017
K 1.902 1.916 1.932 1.868 1.891 1.902 1.905 1.905 1.923 1.916 1.894 1.862  1.877 1.866 1.875 1.857 1.870
Sum XII 1.921 1.936 1.953 1.918 1.918 1.921 1.936 1.940 1.947 1.935 1.911 1.910 1.936 1.902 1.934 1.896 1.887
Total 15.601 15.661  15.620  15.632 15594  15.627 15.611  15.662 15.664 15645 15.601  15.612 15.637 15.607  15.673 15.680  15.634
Fe/(FetMg) 0.699 0.693 0.690 0.715 0.706 0.714 0.701 0.702 0.699 0.699 0.700 0.702  0.716 0.695 0.707 0.706 0.705
YAl 2.960 3.069 3.075 3.021 2.966 3.071 3.078 3.009 2.928 2.984 3.008 3.056 2.984 3.006 2.964 3.113 3.008
ASI 1.541 1.592 1.573 1.584 1.552 1.603 1.592 1.553 1.504 1.541 1.572 1.603  1.540 1.581 1.533 1.642 1.519




Appendix Al8
Table A.2.2: Representative analyses of muscovite (continued).
Rock type Two-mica granitoid
Sample BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 NO-30 NO-30 NO-30 NO-30
1-Msl 1-Msl 1-Ms2 1-Ms2 2-Ms2 2-Ms2 2-Ms2 3-Msl 3-Msl 3-Msl 3-Msl 4-Ms2  4-Ms2 4-Ms2 1-Msl 1-Msl 1-Ms2 1-Ms4
Component oxides (wt.%)
Si0, 45.28 45.12 4533 45.10 44.86 44.95 44.99 44.75 44.60 44.27 44.86 4549  45.60 45.66 45.92 45.90 45.08 45.40
TiO, 0.57 0.71 0.96 0.54 0.42 0.40 0.46 0.30 0.37 0.31 0.37 0.49 0.46 0.69 0.80 1.11 0.90 1.05
ALO; 30.28 30.54 31.14 30.63 32.14 32.46 30.96 32.98 32.90 33.09 32.82 30.75  31.01 30.10 30.76 30.02 31.65 31.01
Cr,03 0.01 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.01 0.01 0.05 0.00 0.00 0.01 0.00 0.04 0.00 0.00
MgO 0.98 0.95 0.93 0.99 0.78 0.67 0.96 0.63 0.61 0.58 0.58 1.02 0.90 1.08 1.26 1.42 0.95 1.05
CaO 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.00
MnO 0.07 0.03 0.05 0.07 0.10 0.06 0.01 0.02 0.00 0.03 0.01 0.05 0.04 0.07 0.03 0.05 0.04 0.05
FeO 5.85 533 4.80 5.40 4.82 4.83 5.23 4.52 4.47 4.34 4.66 5.11 5.28 541 5.49 5.32 4.83 4.77
BaO 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.04 0.02 0.01 0.00 0.07 0.06
Na,O 0.26 0.23 0.28 0.27 0.42 0.47 0.47 0.37 0.39 0.36 0.39 0.33 0.29 0.25 0.26 0.28 0.39 0.31
K0 10.65 10.64 10.79 10.71 10.60 10.48 10.52 10.69 10.61 10.58 10.50 10.75  10.61 10.69 10.70 10.63 10.48 10.58
Total 93.94 93.57 94.27 93.78 94.17 94.33 93.60 94.33 93.96 93.58 94.25 93.98 94.23 93.97 95.25 95.27 94.419 94.29
Mineral structural formulas (a.p.fu) based on 22 Oxygens
Si 6.288 6.274 6.243 6.264 6.183 6.175 6.249 6.146 6.143 6.120 6.160 6.291  6.287 6.324 6.274 6.274 6.195 6.247
ALY 1.712 1.726 1.757 1.736 1.817 1.825 1.751 1.854 1.857 1.880 1.840 1.709  1.713 1.676 1.726 1.726 1.805 1.753
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000  8.000 8.000 8.000 8.000 8.000 8.000
AV 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.227 3.823 3.277
Cr 0.001 0.000 0.000 0.004 0.000 0.000 0.001 0.000 0.001 0.001 0.005 0.000  0.000 0.001 0.000 0.000 0.000 0.000
Ti 0.059 0.074 0.099 0.057 0.044 0.041 0.048 0.031 0.038 0.032 0.038 0.051  0.048 0.072 0.083 0.083 0.093 0.108
Fe 0.679 0.620 0.553 0.628 0.555 0.555 0.608 0.519 0.515 0.502 0.535 0.591  0.609 0.627 0.627 0.627 0.555 0.549
Mn 0.008 0.004 0.006 0.008 0.011 0.007 0.001 0.002 0.000 0.004 0.002 0.006  0.004 0.008 0.003 0.003 0.005 0.006
Mg 0.203 0.198 0.191 0.205 0.159 0.138 0.198 0.128 0.126 0.120 0.119 0.209 0.185 0.223 0.257 0.257 0.195 0.216
Sum VI 4.195 4.174 4.146 4.181 4.172 4.174 4.174 4.164 4.163 4.170 4.171 4.160 4.171 4.169 4.198 4.198 4.169 4.156
Ba 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.004 0.000 0.000 0.000 0.000  0.002 0.001 0.001 0.001 0.004 0.003
Ca 0.000 0.002 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.001 0.001 0.004 0.000
Na 0.071 0.063 0.073 0.074 0.113 0.126 0.125 0.099 0.105 0.096 0.105 0.089 0.077 0.067 0.069 0.069 0.105 0.083
K 1.887 1.886 1.895 1.898 1.863 1.836 1.864 1.873 1.864 1.866 1.839 1.897 1.867 1.889 1.865 1.865 1.837 1.858
Sum XII 1.958 1.951 1.968 1.974 1.979 1.963 1.989 1.976 1.969 1.962 1.944 1.986  1.946 1.956 1.936 1.936 1.949 1.944
Total 14.153 14.125 14.115 14.155 14.151 14.136 14.162 14.140 14.132 14.133 14.115 14.145 14.118 14.125 14.134 14.134 14.119 14.100
Margarite 0.00 0.10 0.00 0.11 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.20 0.00
Paragonite 3.62 3.23 3.73 3.74 5.69 6.43 6.30 5.01 5.34 4.88 5.38 4.47 3.97 341 3.59 3.59 5.38 4.26
Celadorite 14.41 13.68 12.14 13.22 9.15 8.77 12.46 7.28 7.16 6.02 8.01 14.53  14.36 16.19 13.70 13.70 9.77 12.37
Muscovite 81.98 82.99 84.13 82.92 85.10 84.79 81.24 87.71 87.49 89.10 86.61 81.00 81.67 80.40 82.64 82.64 84.64 83.37
Xre 0.77 0.76 0.74 0.75 0.78 0.80 0.75 0.80 0.80 0.81 0.82 0.74 0.77 0.74 0.71 0.71 0.74 0.72




Appendix Al19
Table A.2.2: Representative analyses of muscovite (continued).
Rock type Two-mica granitoid
Sample NO-30  NO-30  NO-30  NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6
1-Ms4 1-Ms4 2-Ms2 2-Ms2 3-Ms2 3-Ms2 3-Ms2 4-Ms4 4-Ms4 4-Ms4 1-Msl 1-Ms2 1-Ms2 1-Ms2 1-Ms4 1-Ms4 1-Ms4 2-Ms4
Component oxides (wt.%)
Si0, 45.05 4481 45.06 44.75 44.64 44.83 44.96 45.56 45.52 45.50 45.27 44.84 45.09 44.77 45.58 45.63 46.13 46.66
TiO, 1.11 1.00 1.01 1.02 1.10 1.11 1.04 1.35 1.09 0.90 1.05 1.08 0.97 1.03 1.01 0.94 0.98 0.21
ALO; 30.00 28.56 31.44 31.36 31.15 31.29 31.01 30.21 31.00 31.51 33.50 34.03 33.04 33.30 31.80 31.67 30.39 32.48
Cr,03 0.07 0.00 0.02 0.07 0.08 0.02 0.00 0.00 0.03 0.01 0.02 0.00 0.00 0.00 0.00 0.04 0.00 0.00
MgO 1.25 1.56 1.00 0.98 1.03 1.06 1.07 1.20 1.06 1.02 0.77 0.81 0.89 0.87 1.19 1.14 1.38 1.12
CaO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
MnO 0.00 0.06 0.00 0.04 0.02 0.00 0.01 0.03 0.00 0.00 0.05 0.05 0.06 0.09 0.03 0.00 0.06 0.07
FeO 5.39 5.87 4.83 4.70 4.67 4.51 5.11 4.77 4.74 5.02 2.55 2.23 2.96 2.81 3.17 4.12 3.84 2.94
BaO 0.00 0.07 0.03 0.03 0.00 0.01 0.02 0.00 0.04 0.08 0.00 0.01 0.00 0.01 0.00 0.02 0.00 0.01
Na,O 0.22 0.24 0.37 0.40 0.32 0.32 0.45 0.26 0.36 0.44 0.53 0.60 0.33 0.45 0.35 0.30 0.29 0.26
K0 10.89 10.87 10.42 10.65 10.44 10.47 10.74 10.36 10.56 10.61 10.29 10.33 10.60 10.52 10.49 9.97 10.33 10.63
Total 93.97 93.05 94.18 93.99 93.45 93.61 94.40 94.481 94.403 95.089 94.022 93.961 93.938 93.86 93.64 93.83 93.40 94.38
Mineral structural formulas (a.p.fu) based on 22 Oxygens
Si 6.257 6.316 6.204 6.186 6.194 6.203 6.203 6.312 6.253 6.217 6.157 6.099 6.162 6.124 6.252 6.254 6.357 6.33
ALY 1.743 1.684 1.796 1.814 1.806 1.797 1.797 1.688 1.747 1.783 1.843 1.901 1.838 1.876 1.748 1.746 1.643 1.67
Sum T 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.00
AV 3.167 3.060 3.305 3.295 3.289 3.305 3.244 3.181 3.823 3.823 3.823 3.823 3.484 3.823 3.393 3.370 3.292 3.51
Cr 0.007 0.000 0.002 0.007 0.009 0.002 0.000 0.001 0.003 0.001 0.002 0.000 0.000 0.000 0.000 0.005 0.000 0.00
Ti 0.116 0.106 0.105 0.106 0.115 0.115 0.108 0.081 0.113 0.092 0.108 0.110 0.099 0.106 0.104 0.097 0.101 0.02
Fe 0.626 0.692 0.556 0.543 0.542 0.522 0.590 0.649 0.545 0.573 0.290 0.253 0.338 0.322 0.363 0.472 0.442 0.33
Mn 0.000 0.007 0.000 0.004 0.003 0.000 0.001 0.005 0.000 0.000 0.005 0.006 0.007 0.011 0.004 0.000 0.007 0.01
Mg 0.258 0.329 0.204 0.201 0.214 0.218 0.220 0.273 0.217 0.208 0.157 0.163 0.181 0.176 0.244 0.232 0.284 0.23
Sum VI 4.175 4.192 4.172 4.156 4.171 4.161 4.163 4.189 4.149 4.166 4.088 4.088 4.109 4.107 4.108 4.176 4.127 4.10
Ba 0.000 0.004 0.002 0.001 0.000 0.000 0.001 0.000 0.002 0.004 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.00
Ca 0.000 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.00
Na 0.059 0.067 0.098 0.106 0.086 0.087 0.120 0.057 0.095 0.116 0.138 0.158 0.088 0.119 0.094 0.079 0.077 0.07
K 1.929 1.954 1.830 1.878 1.848 1.849 1.890 1.909 1.851 1.849 1.785 1.792 1.849 1.836 1.836 1.742 1.816 1.84
Sum XII 1.988 2.025 1.932 1.986 1.934 1.937 2.010 1.966 1.949 1.969 1.923 1.950 1.936 1.956 1.930 1.823 1.894 1.91
Total 14.162 14.217 14.104 14.142 14.106 14.098 14.173 14.155 14.097 14.135 14.011 14.037 14.046 14.063 14.038 13.999 14.021 14.01
Margarite 0.00 0.00 0.10 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.05 0.00
Paragonite 2.95 3.30 5.08 5.34 4.46 4.48 5.95 291 4.90 5.90 7.21 8.10 4.50 6.12 4.85 4.36 4.09 3.61
Celadorite 12.86 15.78 10.22 9.28 9.71 10.13 10.13 15.61 12.60 10.90 7.92 5.00 8.10 6.21 12.60 12.71 17.84 16.29
Muscovite 84.19 80.92 84.61 85.38 85.82 85.36 83.92 81.47 82.50 83.20 84.90 86.90 87.40 87.70 82.54 82.93 78.01 80.10
Xre 0.71 0.68 0.73 0.73 0.72 0.71 0.73 0.70 0.72 0.73 0.65 0.61 0.65 0.65 0.60 0.67 0.61 0.59




Appendix A20
Table A.2.2: Representative analyses of muscovite (continued).
Rock type Two-mica granitoid
Sample BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9
2-Ms4 2-Ms4 3-Ms4 3-Ms4 3-Ms4 1-Msl 1-Msl 1-Msl 1-Ms4 1-Ms4 3-Msl 3-Ms2 3-Ms2 4-Msl 4-Msl 4-Msl 4-Ms3 4-Ms3
Component oxides (wt.%)
Si0, 45.52 45.52 45.64 45.54 45.43 46.06 45.34 45.52 45.99 45.83 46.20 45.66 45.89 45.45 44.86 45.08 45.03 45.49
TiO, 0.97 0.95 0.95 0.99 1.03 0.93 1.04 1.06 1.00 0.72 0.58 0.90 0.83 0.80 0.99 0.58 0.61 0.48
ALO; 33.32 33.79 33.37 32.90 33.27 32.52 32.98 33.27 31.13 30.53 32.52 30.93 30.97 31.02 31.36 31.66 31.01 31.03
Cr,03 0.02 0.00 0.01 0.01 0.00 0.00 0.00 0.05 0.00 0.06 0.00 0.00 0.02 0.02 0.00 0.01 0.01 0.00
MgO 0.86 0.78 0.87 0.95 0.93 0.93 0.85 0.78 1.20 1.30 0.97 0.95 0.97 1.04 1.02 0.86 1.05 1.16
CaO 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.01 0.09 0.02 0.06 0.00 0.06 0.11 0.05 0.08 0.11 0.12 0.09 0.08 0.06 0.08 0.11 0.11 0.16
FeO 2.68 291 2.60 2.84 2.85 3.61 3.26 3.04 4.13 4.30 391 4.52 4.30 4.27 4.34 4.44 4.38 4.39
BaO 0.01 0.05 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.11 0.00 0.02 0.06 0.04 0.13 0.08 0.12
Na,O 0.42 0.46 0.37 0.35 0.44 0.33 0.38 0.37 0.29 0.29 0.29 0.26 0.29 0.30 0.36 0.37 0.25 0.28
K0 10.35 10.49 10.53 10.60 10.55 10.57 10.49 10.52 10.34 10.62 10.44 10.53 10.48 10.58 10.34 10.31 10.44 10.62
Total 94.17 95.06 94.81 94.24 94.49 95.01 94.45 94.67 94.16 93.80 95.15 93.85 93.83 93.61 93.39 93.56 92.97 93.71
Mineral structural formulas (apfu) based on 22 Oxygens
Si 6.18 6.14 6.178 6.197 6.164 6.235 6.169 6.169 6.296 6.322 6.252 6.294 6.315 6.280 6.214 6.234 6.267 6.287
ALY 1.82 1.86 1.822 1.803 1.836 1.765 1.831 1.831 1.704 1.678 1.748 1.706 1.685 1.720 1.786 1.766 1.733 1.713
Sum T 8.00 8.00 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
AV 3.52 3.52 3.464 3.472 3.484 3.423 3.458 3.482 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823 3.823
Cr 0.00 0.00 0.000 0.001 0.000 0.000 0.000 0.006 0.000 0.007 0.000 0.000 0.002 0.003 0.000 0.001 0.001 0.000
Ti 0.10 0.10 0.105 0.102 0.105 0.095 0.106 0.108 0.103 0.074 0.059 0.093 0.086 0.083 0.103 0.061 0.064 0.050
Fe 0.30 0.33 0.356 0.324 0.323 0.408 0.371 0.344 0.473 0.496 0.442 0.522 0.495 0.493 0.503 0.513 0.509 0.507
Mn 0.00 0.01 0.006 0.007 0.000 0.006 0.013 0.006 0.010 0.013 0.014 0.011 0.010 0.007 0.010 0.013 0.013 0.018
Mg 0.17 0.16 0.182 0.192 0.189 0.188 0.172 0.158 0.244 0.268 0.196 0.194 0.198 0.215 0.210 0.178 0.218 0.239
Sum VI 4.10 4.11 4.114 4.097 4.101 4.120 4.120 4.105 4.149 4.144 4.150 4.139 4.128 4.133 4.159 4.159 4.160 4.157
Ba 0.00 0.00 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.002 0.006 0.000 0.001 0.003 0.002 0.007 0.004 0.006
Ca 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.11 0.12 0.081 0.092 0.115 0.087 0.099 0.096 0.077 0.077 0.077 0.069 0.077 0.081 0.096 0.099 0.066 0.074
K 1.79 1.81 1.837 1.841 1.826 1.825 1.820 1.819 1.805 1.868 1.803 1.851 1.840 1.866 1.827 1.819 1.853 1.872
Sum XII 1.90 1.93 1.918 1.933 1.941 1.912 1.919 1.916 1.882 1.948 1.886 1.921 1.917 1.950 1.925 1.926 1.924 1.952
Total 14.00 14.04 14.033 14.030 14.041 14.032 14.040 14.021 14.031 14.091 14.035 14.060 14.045 14.083 14.084 14.085 14.084 14.108
Margarite 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Paragonite 5.84 6.17 4.23 4.78 591 4.54 5.17 5.02 4.10 3.97 4.09 3.62 4.00 4.17 4.97 5.18 3.46 3.79
Celadorite 9.12 7.07 8.90 9.84 8.22 11.76 8.46 8.44 14.81 16.08 12.59 14.72 15.75 14.00 10.71 11.68 13.36 14.34
Muscovite 85.04 86.54 86.87 85.38 85.87 83.69 86.37 86.54 81.09 79.95 83.32 81.66 80.25 81.83 84.31 83.13 83.18 81.87
Xre 0.64 0.68 0.66 0.63 0.63 0.69 0.68 0.68 0.66 0.65 0.69 0.73 0.71 0.70 0.71 0.74 0.70 0.68
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Table A.2.3: Representative analyses of garnet.
Rock type Two-mica granitoid
Sample TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9
1-Grtl 1-Grtl 1-Grt2  1-Grt3 1-Grt3 2-Grtl 2-Grtl  2-Grt2  2-Grt3  3-Grtl  3-Grtl 3-Grt2  4-Grtl 4-Grtl  5-Grtl 5-Grtl 5-Grt2  5-Grt2
rim rim core rim core rim rim rim core rim core core core rim rim core rim core
Component oxydes (wt.%)
Si0, 36.04 35.35 35.76 35.78 35.38 35.84 35.49 35.94 35.72 36.03 36.00 35.82 35.78 35.76 36.59 36.17 3591 35.19
TiO, 0.06 0.00 0.03 0.02 0.06 0.01 0.02 0.06 0.04 0.12 0.03 0.07 0.05 0.00 0.06 0.06 0.06 0.00
ALO; 20.55 20.47 20.53 20.57 20.42 20.45 20.70 20.40 20.55 20.49 20.69 20.59 20.48 20.69 20.95 20.51 20.43 20.20
Cr,03 0.01 0.02 0.04 0.00 0.05 0.01 0.02 0.00 0.03 0.00 0.00 0.02 0.05 0.00 0.00 0.00 0.00 0.02
Fe,05 0.60 0.82 0.65 0.37 0.97 0.19 0.78 0.59 0.13 0.47 0.45 0.31 0.67 0.13 0.13 0.12 0.51 0.76
MgO 0.11 0.09 0.16 0.08 0.12 0.07 0.06 0.09 0.11 0.09 0.05 0.09 0.07 0.05 0.09 0.09 0.13 0.05
CaO 0.46 0.16 0.20 0.20 0.17 0.20 0.22 0.56 0.22 0.62 0.19 0.20 0.25 0.17 0.63 0.19 0.19 0.15
MnO 19.72 21.41 19.58 20.46 21.46 20.84 22.73 19.67 19.36 19.29 23.28 21.63 21.56 19.82 18.92 21.65 19.95 23.27
FeO 22.78 20.95 22.97 22.08 20.96 21.64 19.86 22.51 23.11 23.04 19.67 20.94 21.04 22.92 24.06 21.10 22.69 18.80
Total 100.32 99.26 99.92 99.56 99.58 99.25 99.86 99.82 99.26  100.16  100.36 99.66 99.96 99.55  101.42 99.91 99.87 98.44
Mineral structural formulas (apfu) based on 24 Oxygens
Si 5.940 5.901 5.923 5.942 5.890 5.968 5.887 5.951 5.949 5.947 5.935 5.941 5.926 5.941 5.958 5.980 5.949 5.921
Al 0.060 0.099 0.077 0.058 0.110 0.032 0.113 0.049 0.051 0.053 0.065 0.059 0.074 0.059 0.042 0.020 0.051 0.079
Ti 0.007 0.000 0.004 0.003 0.007 0.001 0.003 0.007 0.005 0.015 0.003 0.008 0.006 0.000 0.007 0.007 0.008 0.000
Al 3.934 3.927 3.932 3.969 3.896 3.980 3.933 3.933 3.982 3.933 3.956 3.967 3.924 3.993 3.978 3.977 3.938 3.927
Cr 0.002 0.002 0.005 0.000 0.006 0.001 0.003 0.000 0.004 0.000 0.000 0.002 0.006 0.000 0.000 0.000 0.000 0.003
Fe*t 0.074 0.103 0.082 0.047 0.122 0.024 0.097 0.073 0.016 0.058 0.055 0.038 0.084 0.016 0.016 0.015 0.064 0.096
Mg 0.026 0.022 0.038 0.020 0.029 0.018 0.014 0.023 0.027 0.023 0.013 0.022 0.017 0.012 0.021 0.023 0.031 0.012
Ca 0.081 0.029 0.035 0.035 0.030 0.036 0.038 0.100 0.039 0.110 0.034 0.035 0.045 0.030 0.109 0.034 0.034 0.027
Mn 2.754 3.026 2.747 2.878 3.027 2.939 3.194 2.759 2.731 2.697 3.251 3.039 3.025 2.789 2.609 3.032 2.799 3.317
Fe?t 3.140 2.924 3.182 3.067 2919 3.013 2.756 3.117 3.218 3.180 2711 2.905 2915 3.185 3277 2918 3.143 2.646
Total 16.018  16.033  16.025 16.018 16.036 16.013 16.037 16.014 16.020 16.016 16.023  16.017  16.023 16.025 16.017  16.007 16.017  16.027
End-members (Mol. %)
Uvarovite 0.04 0.05 0.13 0.00 0.15 0.02 0.07 0.00 0.09 0.00 0.00 0.05 0.15 0.00 0.00 0.00 0.00 0.07
Andradite 1.32 0.42 0.45 0.58 0.34 0.57 0.57 1.66 0.52 1.82 0.56 0.53 0.59 0.40 0.58 0.55 0.58 0.38
Grossular 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.10 1.23 0.02 0.00 0.00
Almandine 52.32 48.73 53.02 51.12 48.62 50.17 45.92 51.96 53.51 5291 45.13 48.41 48.57 52.94 54.47 48.57 52.32 44.07
Spessartine 45.88 50.43 45.76 47.97 50.41 48.93 53.22 45.99 45.40 44.87 54.10 50.64 50.40 46.37 43.38 50.47 46.59 55.27
Pyrope 0.44 0.36 0.64 0.33 0.48 0.30 0.23 0.39 0.44 0.38 0.21 0.36 0.29 0.19 0.34 0.38 0.52 0.20
Xre 0.99 0.99 0.99 0.99 0.99 0.99 1.00 0.99 0.99 0.99 1.00 0.99 1.01 1.00 0.99 0.99 0.99 1.00
Xwn 0.47 0.51 0.46 0.48 0.51 0.49 0.54 0.47 0.46 0.46 0.54 0.51 0.51 0.47 0.44 0.51 0.47 0.56
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Table A.2.4: Representative analyses of amphibole (continued).

Rock type Biotite granitoid
Sample BL-8 BL-8 BL-8 BL-8 BL-8 BL-8 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 LE-2
1-aml 1-am2 1-am3 2-aml 2-am2 2-am3 1-aml 1-aml 1-am2 1-am3 1-am3 1-am3 1-am4 1-am4 2-aml 2-am2 2-am3 2-am4
core core core core core core rim core core core core rim core core core core core core

Compoment oxydes (wt.%)

SiO, 44.75 43.27 44.34 42.84 43.58 42.82 43.64 42.79 42.62 43.65 42.40 42.44 42.58 42.77 43.78 43.15 42.88 42.40
TiO, 091 1.07 1.07 0.47 0.69 0.57 0.75 0.72 1.00 0.87 0.71 0.78 1.21 1.44 1.13 1.32 1.19 0.79
AlLO; 7.61 8.82 8.46 9.51 8.74 9.66 9.14 9.80 9.72 8.92 9.92 9.84 9.47 9.04 8.52 9.19 9.28 9.51
Fe;O3 4.717 5.51 4.84 5.83 5.40 5.54 4.27 5.56 5.50 4.71 522 4.45 4.60 4.24 4.11 3.87 433 5.20
Cr,0; 0.04 0.00 0.01 0.05 0.03 0.00 0.01 0.00 0.00 0.02 0.01 0.00 0.02 0.01 0.02 0.04 0.02 0.00
MgO 10.20 9.45 9.79 8.80 9.15 8.87 9.64 9.42 9.37 9.83 8.97 9.36 9.54 9.64 10.20 9.76 9.84 10.02
CaO 11.56 11.36 11.63 11.57 11.54 11.62 11.81 11.69 11.64 11.72 11.63 11.68 11.67 11.41 11.68 11.54 11.64 11.87
MnO 1.07 1.00 1.02 1.00 1.13 0.98 0.47 0.56 0.55 0.55 0.46 0.56 0.47 0.52 0.50 0.48 0.41 0.43
FeO 14.80 15.70 15.46 15.73 15.83 15.78 15.85 15.42 15.25 15.46 15.73 15.53 15.58 15.75 15.28 15.89 15.59 14.04
Na,O 1.20 1.54 1.26 1.39 1.40 1.41 1.35 1.55 1.31 1.34 1.31 1.46 1.40 1.45 1.32 1.48 1.54 1.26
KO 0.87 1.17 1.09 1.17 1.12 1.15 1.08 1.11 1.17 1.09 1.16 1.22 1.27 1.18 1.10 1.19 1.16 1.15
FeOT 19.09 20.66 19.82 20.98 20.70 20.76 19.69 20.43 20.19 19.70 20.43 19.54 19.72 19.56 18.98 19.37 19.48 18.72
Total 91.77 98.89 98.98 98.36 98.62 98.38 98.01 98.63 98.11 98.15 97.51 97.33 97.81 97.44 97.63 97.91 97.86 96.68

Mineral structural formulas based (a.p.f-u) on 23 Oxygens

Si 6.756 6.529 6.643 6.505 6.592 6.497 6.600 6.457 6.458 6.591 6.471 6.481 6.475 6.521 6.630 6.540 6.505 6.485
Ti 0.103 0.122 0.121 0.054 0.079 0.065 0.086 0.082 0.114 0.099 0.082 0.090 0.138 0.165 0.128 0.150 0.136 0.091
AlY 1.244 1.47 1.357 1.495 1.408 1.503 1.400 1.543 1.542 1.409 1.529 1.519 1.524 1.479 1.37 1.46 1.495 1.515
N 0.110 0.097 0.138 0.208 0.149 0.223 0.230 0.199 0.194 0.179 0.256 0.253 0.172 0.145 0.151 0.181 0.163 0.199
Fe* 0.542 0.626 0.546 0.666 0.615 0.632 0.485 0.631 0.627 0.535 0.600 0.511 0.527 0.486 0.469 0.442 0.494 0.598
Cr 0.005 0.000 0.001 0.006 0.004 0.000 0.001 0.000 0.000 0.002 0.001 0.000 0.002 0.002 0.002 0.005 0.002 0.000
Mg 2.295 2.124 2.188 1.993 2.063 2.005 2.174 2.120 2.116 2213 2.040 2.131 2.162 2.191 2.302 2.205 2.224 2.284
Ca 1.870 1.836 1.867 1.882 1.870 1.889 1.914 1.891 1.890 1.895 1.901 1.912 1.901 1.865 1.896 1.873 1.891 1.946
Mn 0.137 0.128 0.130 0.128 0.145 0.126 0.060 0.071 0.070 0.070 0.060 0.073 0.060 0.067 0.063 0.062 0.053 0.056
Fe** 1.869 1.981 1.937 1.998 2.003 2.001 2.005 1.946 1.932 1.953 2.008 1.984 1.982 2.008 1.935 2.014 1.978 1.795
Na 0.351 0.451 0.365 0.408 0.411 0.414 0.396 0.454 0.384 0.393 0.386 0.431 0.412 0.430 0.386 0.435 0.452 0.374
K 0.168 0.226 0.209 0.227 0.216 0.223 0.208 0.214 0.226 0.209 0.225 0.238 0.247 0.229 0.212 0.230 0.225 0.225
Total 15.450  15.591 15.502 15.571 15.554 15.578 15.558 15.608 15.552 15.549 15.560 15.622 15.603 15.587 15.545 15.598 15.620  15.568

XMg 0.55 0.52 0.53 0.50 0.51 0.50 0.52 0.52 0.52 0.53 0.50 0.52 0.52 0.52 0.54 0.52 0.53 0.56
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Table A.2.4: Representative analyses of amphibole (continued).

Rock type Deformed biotite granitoid
Sample NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 BFS-7 BFS-7 BFS-7 BFS-7 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2
3-aml 3-aml 3-am2 3-am2 4-am4 4-am4 1-aml 1-aml 1-aml 1-aml 2-am2 2-am2 2-am2 2-am3 3-am3 3-am3 3-am3 4-am4
rim core rim core rim core rim rim core rim rim core rim rim rim core rim core

Compoment oxydes (wt.%)

Si0, 43.05 43.10 43.62 44.19 45.69 45.15 45.72 45.08 44.90 45.79 45.45 45.68 45.64 50.59 45.18 44.78 47.00 45.56
TiO, 0.64 0.75 0.97 1.28 0.52 0.88 1.25 1.33 1.21 1.23 0.67 0.48 0.62 0.24 0.71 1.07 0.27 0.69
AlLOs 10.07 10.01 9.37 8.78 7.15 7.80 7.68 8.29 8.41 7.65 7.35 7.59 7.34 4.09 7.63 7.90 6.66 7.39
Fe,0; 4.56 4.48 4.24 4.29 3.55 3.82 3.02 3.44 2.81 3.02 4.59 4.05 4.14 3.57 4.54 2.90 4.08 3.55
Cr,03 0.04 0.04 0.01 0.00 0.00 0.04 0.00 0.01 0.01 0.04 0.01 0.04 0.05 0.00 0.05 0.00 0.04 0.00
MgO 9.38 9.35 10.01 10.50 11.23 11.12 11.12 10.62 11.29 11.91 11.25 11.54 11.46 14.42 11.08 11.19 11.87 11.59
CaO 11.49 11.31 11.42 11.17 11.68 11.52 12.00 11.49 11.60 11.77 11.98 11.88 11.78 12.27 11.64 11.68 11.95 11.73
MnO 1.04 1.01 1.04 1.07 0.68 0.70 0.54 0.62 0.50 0.49 0.66 0.59 0.75 0.62 0.70 0.53 0.66 0.59
FeO 15.43 15.16 14.81 14.52 14.08 14.18 14.83 15.11 14.31 13.75 13.84 13.70 13.60 11.39 13.69 14.77 13.83 14.06
Na,O 1.62 1.42 1.48 1.53 1.19 1.32 1.07 1.26 1.44 1.29 1.14 1.27 1.24 0.66 1.07 1.50 1.25 1.41
K,O 1.16 1.19 1.15 1.12 0.76 0.96 0.89 0.90 0.95 0.86 0.80 0.85 0.82 0.38 0.94 1.08 0.68 0.90
Total 98.47 97.81 98.12 98.45 96.53 97.49 98.11 98.13 97.42 97.81 97.74 97.66 97.43 98.24 97.23 97.39 98.29 97.46

Mineral structural formulas based (a.p.fu) on 23 Oxygens

Si 6.495 6.528 6.572 6.619 6911 6.786 6.819 6.742 6.736 6.817 6.812 6.833 6.845 7.347 6.802 6.751 6.969 6.838
Ti 0.073 0.086 0.110 0.144 0.060 0.099 0.141 0.149 0.136 0.138 0.075 0.054 0.069 0.026 0.080 0.121 0.030 0.077
AlY 1.505 1.472 1.428 1.381 1.089 1.214 1.181 1.258 1.264 1.183 1.188 1.167 1.155 0.653 1.198 1.249 1.031 1.162
AV 0.286 0.316 0.235 0.17 0.185 0.168 0.168 0.203 0.223 0.159 0.111 0.17 0.143 0.046 0.156 0.155 0.133 0.145
Fe*t 0.517 0.510 0.481 0.484 0.404 0.432 0.339 0.387 0.317 0.338 0.518 0.455 0.467 0.390 0.515 0.329 0.456 0.400
Cr 0.004 0.004 0.001 0.000 0.000 0.005 0.000 0.001 0.001 0.005 0.002 0.004 0.006 0.000 0.006 0.000 0.005 0.000
Mg 2.110 2.110 2.248 2.344 2.532 2.491 2474 2.367 2.524 2.643 2513 2.573 2.563 3.121 2.488 2.516 2.625 2.592
Ca 1.858 1.836 1.844 1.793 1.893 1.855 1.917 1.841 1.865 1.877 1.923 1.904 1.893 1.910 1.877 1.888 1.898 1.885
Mn 0.133 0.129 0.133 0.136 0.087 0.089 0.068 0.079 0.063 0.062 0.084 0.074 0.095 0.077 0.090 0.068 0.083 0.075
Fe?* 1.946 1.920 1.866 1.819 1.782 1.782 1.850 1.889 1.796 1.712 1.735 1.714 1.706 1.383 1.723 1.863 1.714 1.764
Na 0.473 0.416 0.431 0.443 0.349 0.386 0.309 0.364 0.419 0.373 0.332 0.367 0.361 0.186 0.312 0.438 0.360 0.410
K 0.224 0.230 0.222 0.214 0.147 0.183 0.169 0.172 0.181 0.164 0.152 0.163 0.156 0.071 0.180 0.208 0.129 0.172
Total 15.625 15558 15572 15548 15438 15490 15435 15453 15525 15471 15445 15479 15459 15210 15427 15585  15.433 15.522

Xnig 0.52 0.52 0.55 0.56 0.59 0.58 0.57 0.56 0.58 0.61 0.59 0.60 0.60 0.69 0.59 0.57 0.60 0.60
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Table A.2.4: Representative analyses of amphibole (continued).

Rock type Deformed biotite granitoid
Sample ND-2 TK-2 TK-2 TK-2 TK-2 NN-la  NN-la  NN-la  NN-la NN-la  NN-la
4-am4 1-aml 1-am2 l-am3  2-am3 1-aml 1-aml 1-aml 1-aml 1-am2 2-aml
rim core core core core rim core rim rim rim core

Compoment oxydes (wt.%)

Si0, 46.08 44.05 44.22 44.08 44.99 42.63 41.68 42.64 42.89 42.53 42.10
TiO, 0.53 1.44 1.62 1.39 1.42 1.23 1.07 1.30 1.10 1.06 0.68
AlLOs 7.17 8.19 8.73 8.42 7.86 10.16 9.90 10.24 10.09 10.42 10.66
Fe,0; 4.45 4.29 3.52 3.47 341 4.92 7.66 4.94 5.01 5.08 591
Cr,03 0.00 0.00 0.00 0.01 0.00 0.02 0.07 0.05 0.07 0.04 0.04
MgO 11.96 10.73 11.08 11.01 11.63 9.49 9.97 9.73 9.41 9.18 8.87
CaO 11.86 11.65 11.49 11.37 11.51 11.52 10.75 11.66 11.68 11.66 11.76
MnO 0.64 0.95 0.94 091 091 0.61 0.74 0.71 0.61 0.72 0.61
FeO 13.03 14.10 13.96 14.24 13.51 15.25 12.52 14.89 15.52 15.29 15.13
Na,O 1.24 1.32 1.46 1.62 1.45 1.38 1.26 1.44 1.29 1.29 1.21
K,O 0.77 1.01 1.15 1.08 0.95 1.30 1.24 1.33 1.33 1.30 1.24
Total 91.73 97.72 98.16 97.61 97.61 98.51 96.85 98.95 99.00 98.56 98.21

Mineral structural formulas based (a.p.f-u) on 23 Oxygens

Si 6.868 6.640 6.616 6.644 6.738 6.426 6.363 6.398 6.442 6.414 6.381
Ti 0.059 0.164 0.182 0.157 0.159 0.140 0.123 0.147 0.125 0.120 0.077
AlY 1.132 1.36 1.384 1.356 1.262 1.574 1.637 1.601 1.558 1.586 1.619
A" 0.128 0.095 0.155 0.14 0.125 0.23 0.143 0.21 0.228 0.266 0.286
Fe*t 0.499 0.487 0.396 0.394 0.384 0.558 0.880 0.558 0.566 0.576 0.674
Cr 0.000 0.000 0.000 0.002 0.000 0.003 0.008 0.006 0.009 0.005 0.005
Mg 2.657 2411 2.471 2474 2.595 2.133 2.268 2.177 2.106 2.065 2.005
Ca 1.893 1.881 1.842 1.836 1.847 1.860 1.758 1.875 1.879 1.884 1.909
Mn 0.081 0.122 0.119 0.116 0.115 0.078 0.096 0.091 0.078 0.092 0.079
Fe?* 1.625 1.777 1.747 1.794 1.691 1.923 1.598 1.869 1.949 1.929 1.917
Na 0.357 0.385 0.423 0.474 0.420 0.402 0.372 0.418 0.377 0.377 0.356
K 0.146 0.194 0.219 0.208 0.181 0.251 0.242 0.255 0.256 0.249 0.239
Total 15.446 15.515 15.555 15.594  15.517 15.578 15.488 15.604 15.570 15.563  15.547

XM 0.62 0.58 0.59 0.58 0.61 0.53 0.59 0.54 0.52 0.52 0.51
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Table A.2.5a: Representative analyses of potassium feldspar (continued).

Rock type Biotite granitoid Deformed biotite granitoid
Sample LE-2 LE-2 SE-4 SE-4 SE-4 SE-4 SE-4 NG-3 NG-3 NN-IA  NN-1A NN-1A BFS-7 BFS-7 BFS-7 ND-2
1-Kfs1  1-Kfsl  1-Kfs2  1-Kfs2 = 2-Kfsl = 2-Kfs2  2-Kfs3 4-Kfsl  2-Kfs2 1-Kfs1  1-Kfsl  1-Kfsl ~ 1-Kfsl  1-Kfsl  1-Kfsl 5-P15
core core rim core core core core rim rim rim core core rim core rim rim
Compoment oxydes (wt.%)
Si0, 64.13 63.91 64.00 63.33 64.36 63.95 64.03 64.38 64.51 64.85 65.05 65.01 64.33 64.14 63.68 63.56
AlLOs 18.53 18.44 18.34 18.71 18.74 18.75 18.55 18.71 18.42 19.18 19.47 19.02 18.56 18.55 18.67 18.66
MgO 0.03 0.02 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.05 0.11 0.03 0.02 0.07 0.06 0.10 0.02 0.03 0.04 0.05 0.03 0.03 0.03 0.00 0.02
BaO 0.75 0.85 0.47 0.55 0.42 0.46 0.55 0.69 0.53 0.53 0.47 0.47 0.71 1.00 1.00 0.86
Na,O 0.71 0.55 0.70 0.45 0.81 0.72 0.53 0.52 0.31 0.70 1.06 0.82 0.55 0.65 0.44 0.46
K0 15.48 15.46 15.51 15.91 15.02 15.49 15.69 15.59 16.02 15.61 15.08 15.39 15.65 15.27 15.43 15.50
Total 99.68 99.34 99.06 98.97 99.43 99.43 99.49 99.90 99.82 10095 101.17  100.73 99.82 99.64 99.21 99.06
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.983 2.985 2.990 2.971 2.986 2977 2.983 2.985 2.994 2.973 2.967 2.981 2.987 2.986 2.979 2977
Al 1.016 1.015 1.010 1.034 1.024 1.029 1.019 1.022 1.008 1.036 1.047 1.028 1.016 1.018 1.029 1.030
Mg 0.002 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.002 0.004 0.001 0.001 0.003 0.002 0.004 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.000 0.001
Ba 0.014 0.016 0.009 0.010 0.008 0.008 0.010 0.013 0.010 0.009 0.008 0.008 0.013 0.018 0.018 0.016
Na 0.064 0.050 0.064 0.041 0.073 0.065 0.048 0.046 0.028 0.062 0.094 0.073 0.049 0.059 0.040 0.042
K 0.918 0.921 0.925 0.952 0.889 0.920 0.933 0.922 0.948 0.913 0.878 0.900 0.927 0.907 0.921 0.926
Total 5.000 4.993 4.999 5.009 4.983 5.001 4.998 4.988 4.990 4.997 4.995 4.991 4.993 4.988 4.987 4.992
Sit+Al 4.003 4.001 4.001 4.003 4.011 4.010 4.002 4.010 4.002 4.010 4.012 4.010 4.001 4.002 4.010 4.007
Na+Ca+K 1.002 0.987 1.003 1.002 0.971 0.991 0.992 0.981 0.986 0.990 0.981 0.981 0.993 0.981 0.980 0.984
An(Na/Ca) 0.002 0.000 0.061 0.000 0.000 0.000 0.130 0.003 0.000 0.150 0.000 0.001 0.002 0.005 0.001 0.003
Ab(Na/Ca) 6.401 5.084 6.375 4.102 7.541 6.558 4.840 4.737 2.845 6.330 9.565 7.390 4.966 5.990 4.091 4.267
Or 92232 93342 92711 94901 91.665 92.610 94.010 93975  96.175 92.545 89.570  91.750  93.730 92.161  94.052  94.126

Ce 1.367 1.575 0.855 1.000 0.787 0.840 1.019 1.281 0.985 0.956 0.855 0.862 1.300 1.851 1.861 1.597
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Table A.2.5a: Representative analyses of potassium feldspar (continued).

Rock type Mega feldspar granitoid

Sample DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 DML-1 KO-12 KO-12 KO-12 KO-12 KO-12
1-Kfsl1 1-Kfs1 1-Kfsl1 1-Kfsl1 1-Kfs2  1-Kfs2 1-Kf2  1-Kfs2  2-Kfs2  2-Kfs2 2-Kfs2  2-Kfs3  2-Kfs4  3-Kfsl  3-Kfsl  3-Kfs2  3-Kfs3 3-Kfs3
rim core core rim rim core core rim rim core rim core core core rim core rim core
Compoment oxydes (wt.%)
SiO, 64.89 63.79 64.88 64.18 64.28 64.76 64.49 64.37 64.19 64.29 64.26 64.62 64.12 64.88 64.18 66.76 64.34 63.20
Al Os 18.39 18.50 18.64 18.44 18.53 18.43 18.48 18.45 18.23 18.43 18.38 18.20 18.46 18.63 18.43 18.91 18.60 18.37
MgO 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.01 0.03 0.00 0.00 0.00 0.01
CaO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.08 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.04 0.00 0.02 0.05 0.03 0.00 0.04 0.00 0.02 0.00 0.00 0.01 0.08 0.02 0.05 0.03 0.04 0.00
BaO 0.07 0.21 0.15 0.20 0.27 0.21 0.13 0.13 0.21 0.20 0.27 0.21 0.26 0.15 0.20 0.10 0.39 0.34
Na,O 0.56 0.65 0.93 0.47 0.47 0.55 0.66 0.84 0.56 1.01 0.44 0.50 0.62 0.93 0.47 6.10 0.49 0.37
K,O 15.96 15.70 15.39 15.90 15.71 16.11 15.62 15.50 15.84 15.22 15.71 16.02 15.61 15.39 15.90 7.86 15.52 15.76
Total 99.90 98.86 100.04 99.24 99.28 100.07 99.43 99.28 99.07 99.15 99.07 99.61 99.16 100.04 99.24 99.84 99.38 98.05
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.999 2.984 2.991 2.991 2.991 2.995 2.994 2.992 2.996 2.991 2.996 3.001 2.989 2.991 2.991 3.000 2.990 2.984
Al 1.002 1.020 1.012 1.012 1.016 1.005 1.011 1.011 1.003 1.010 1.010 0.996 1.014 1.012 1.012 1.001 1.019 1.022
Mg 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.002 0.000 0.000 0.000 0.001
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.000
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.001 0.000 0.001 0.002 0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.002 0.001 0.002 0.000
Ba 0.001 0.004 0.003 0.004 0.005 0.004 0.002 0.002 0.004 0.004 0.005 0.004 0.005 0.003 0.004 0.002 0.007 0.006
Na 0.050 0.059 0.083 0.042 0.042 0.050 0.060 0.075 0.051 0.091 0.040 0.045 0.056 0.083 0.042 0.531 0.044 0.034
K 0.941 0.937 0.905 0.945 0.933 0.951 0.925 0.919 0.943 0.903 0.935 0.949 0.928 0.905 0.945 0.450 0.921 0.949
Total 4.995 5.004 4.997 4.997 4.988 5.003 4993 5.000 4.999 5.000 4.986 4.998 4.996 4.997 4.997 4.990 4983 4.997
Si +Al 4.001 4.004 4.003 4.003 4.007 4.002 4.000 4.002 4.001 4.001 4.011 4.001 4.003 4.000 4.002 4.001 4.011 4.006
Na+Ca+K 0.993 1.000 0.991 0.991 0.980 1.001 0.990 1.000 1.001 1.002 0.978 1.002 0.990 0.993 0.990 0.991 0.972 0.990
An(Na/Ca) 0.000 0.003 0.033 0.004 0.001 0.000 0.000 0.003 0.000 0.100 0.001 0.000 0.003 0.021 0.005 0.387 0.002 0.00
Ab(Na/Ca) 5.081 5.933 8.363 4.267 4.343 4.942 6.062 7.565 5.102 9.082 4.100 4.550 5.711 8.355 4272  53.820 4.565 3.46
Or 94.802  93.691 91342 95369 95170 94.691  93.701 92201  94.521  90.461 95389  95.061  93.820 91337 95355 45611 94.701 95.91

Ce 0.122 0.381 0.272 0.365 0.504 0.370 0.241 0.240 0.378 0.355 0.510 0.387 0.465 0.270 0.373 0.191 0.731 0.63
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Table A.2.5a: Representative analyses of potassium feldspar (continued).

Rock type Mega feldspar granitoid Two-mica granitoid
Sample KO-12  KO-12 KO-12 KO-12 KO-12  KO-12 TE-6 TE-6 TE-6 TE-6 TE-6 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3
3-Kfs3  3-Kfs3  3-Kfs4  3-Kfs4 3-Kfs4 3-Kfs4 3-Kfsl 3-Kfs2  3-Kfs2  3-Kfs2  3-Kfs2 1-Kfs1 1-Kfs1 2-Kfs3  2-Kfs3  2-Kfs3 3-Kfs-1
core rim rim rim core core core rim core core rim rim core rim core rim rim
Compoment oxydes (wt.%)
Si0, 63.87 64.50 63.25 63.23 63.61 63.85 63.71 65.28 66.03 63.88 64.09 64.16 64.17 64.32 63.89 63.64 64.22
ALO; 18.33 18.35 18.54 18.50 18.26 18.56 18.55 19.53 19.14 18.43 18.57 18.47 18.35 18.43 18.38 18.40 18.91
MgO 0.02 0.01 0.01 0.01 0.01 0.06 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
CaO 0.00 0.00 0.05 0.00 0.02 0.03 0.02 0.00 0.01 0.00 0.00 0.03 0.01 0.00 0.06 0.00 0.03
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.05 0.00 0.09 0.01 0.04 0.05 0.10 0.04 0.02 0.08 0.02 0.20 0.05 0.00 0.05 0.00 0.02
BaO 0.31 0.05 0.32 0.26 0.25 0.31 0.56 0.58 0.74 0.59 0.76 0.02 0.00 0.10 0.01 0.02 0.01
Na,O 0.61 0.68 0.73 0.62 0.71 0.59 0.88 0.80 2.51 0.61 0.65 1.60 0.75 0.77 0.85 0.55 0.62
K,0 15.53 15.57 15.37 15.57 15.39 15.54 15.01 15.05 12.85 15.35 15.45 14.06 15.31 15.36 15.16 15.70 15.55
Total 98.71 99.17 98.34 98.19 98.29 98.97 98.85 101.28  101.29 98.94 99.55 98.53 98.63 98.99 98.41 98.30 99.37
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.991 2.999 2.976 2.979 2.990 2.982 2.981 2972 2.987 2.988 2.984 2.989 2.996 2.995 2.991 2.989 2.979
Al 1.012 1.006 1.028 1.027 1.012 1.022 1.023 1.048 1.020 1.016 1.019 1.014 1.010 1.011 1.014 1.018 1.034
Mg 0.001 0.000 0.001 0.001 0.000 0.004 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001
Ca 0.000 0.000 0.002 0.000 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.003 0.000 0.001
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.002 0.000 0.003 0.000 0.002 0.002 0.004 0.002 0.001 0.003 0.001 0.008 0.002 0.000 0.002 0.000 0.001
Ba 0.006 0.001 0.006 0.005 0.005 0.006 0.010 0.010 0.013 0.011 0.014 0.000 0.000 0.002 0.000 0.000 0.000
Na 0.055 0.062 0.066 0.056 0.065 0.053 0.080 0.070 0.221 0.055 0.059 0.144 0.068 0.069 0.078 0.050 0.055
K 0.928 0.924 0.922 0.936 0.923 0.926 0.896 0.874 0.742 0916 0.918 0.835 0.912 0.912 0.905 0.940 0.920
Total 4.995 4.991 5.005 5.004 4.998 4.996 4.996 4.976 4.984 4.990 4.995 4.993 4.989 4.990 4.993 4.997 4.992
Si +Al 4.003 4.001 4.004 4.006 4.002 4.004 4.003 4.021 4.01 4.001 4.003 4.004 4.006 4.006 4.005 4.007 4.013
Na+Ca+K 0.989 0.992 0.997 0.997 0.994 0.986 0.991 0.950 0.98 0.980 0.991 0.981 0.980 0.983 0.986 0.990 0.977
An(Na/Ca) 0.099 0.003 0.229 0.009 0.100 0.167 0.077 0.004 0.042 0.000 0.002 0.141 0.029 0.003 0.290 0.003 0.151
Ab(Na/Ca) 5.579 6.242 6.661 5.659 6.517 5.393 8.109 7371  22.601 5.632 5.959 14.678 6.941 7.052 7.861 5.032 5.660
Or 93.841 93.671  92.521  93.871 92913 93871 90.771 91.543  76.023 93271  92.651 85.136 93.032 92.768  91.831  94.941 94.184

Ce 0.582 0.098 0.594 0.493 0473  0.5670 1.043 1.009 1.338 1.093 1.403 0.036 0.002 0.176 0.020 0.031 0.012
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Table A.2.5a: Representative analyses of potassium feldspar (continued).

Rock type Two-mica granitoid
Sample BM-3 BM-3 BM-3 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30
3-Kfsl  3-Kfsl  3-Kfsl 1-Kfs1 1-Kfs1 1-Kfs1 1-Kfs1 1-Kfs2  1-Kfs2  1-Kfs2  2-Kfsl  2-Kfsl 1-Kfs1 1-Kfs1 1-Kfs1 1-Kfs1 1-Kfs2 1-Kfs2
core core rim rim core core rim rim core rim rim core rim core core rim rim core
Compoment oxydes (wt.%)
SiO, 63.61 63.75 63.91 64.08 64.14 63.68 64.10 63.86 64.25 63.78 63.82 63.78 64.15 63.79 63.92 63.63 63.75 63.31
Al Os 18.52 18.44 18.56 18.71 18.39 18.43 18.31 18.37 18.29 18.39 18.47 18.46 18.60 18.56 18.34 18.45 18.42 18.38
MgO 0.00 0.00 0.02 0.00 0.01 0.00 0.01 0.019 0.00 0.00 0.03 0.00 0.00 0.00 0.02 0.00 0.00 0.00
CaO 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.014 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.03 0.00 0.02 0.00 0.00 0.00 0.04 0.024 0.01 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00
BaO 0.00 0.04 0.00 0.09 0.13 0.09 0.09 0.128 0.23 0.20 0.12 0.38 0.19 0.22 0.19 0.22 0.17 0.12
Na,O 0.85 0.88 1.06 1.94 1.10 0.87 0.95 0.486 0.43 0.72 0.78 0.75 1.14 1.17 1.07 0.75 0.40 0.81
K,O 15.47 15.41 15.14 13.74 14.91 15.29 1524  15.759 15.99 15.39 15.11 15.17 14.80 14.97 15.15 15.57 16.00 15.46
Total 98.50 98.51 98.69 98.56 98.68 98.35 98.73 98.66 99.20 98.51 98.36 98.53 98.87 98.74 98.70 98.62 98.74 98.08
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.981 2.986 2.984 2.982 2.993 2.987 2.994 2.991 2.996 2.989 2.989 2.988 2.987 2.981 2.989 2.983 2.987 2.983
Al 1.023 1.018 1.021 1.026 1.011 1.019 1.008 1.014 1.005 1.016 1.020 1.019 1.021 1.022 1.011 1.020 1.017 1.021
Mg 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Ca 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.001 0.000 0.001 0.000 0.000 0.000 0.002 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ba 0.000 0.001 0.000 0.002 0.002 0.002 0.002 0.002 0.004 0.004 0.002 0.007 0.004 0.004 0.004 0.004 0.003 0.002
Na 0.077 0.080 0.096 0.175 0.100 0.079 0.086 0.044 0.039 0.066 0.071 0.068 0.103 0.106 0.097 0.068 0.036 0.074
K 0.925 0.921 0.902 0.816 0.888 0.915 0.908 0.941 0.951 0.920 0.903 0.907 0.879 0.892 0.904 0.931 0.956 0.929
Total 5.008 5.005 5.004 5.000 4.995 5.001 4.999 4.995 4.996 4.996 4.988 4.989 4.993 5.007 5.006 5.006 5.000 5.009
Si +Al 4.004 4.004 4.005 4.008 4.004 4.005 4.002 4.004 4.006 4.005 4.009 4.008 4.008 4.003 4.000 4.003 4.005 4.003
Na+Ca+K 1.003 1.001 0.997 0.992 0.990 0.995 0.996 0.989 0.997 0.991 0.976 0.982 0.985 1.004 1.004 1.003 0.996 1.006
An(Na/Ca) 0.110 0.000 0.000 0.040 0.000 0.000 0.000 0.071 0.000 0.061 0.015 0.020 0.000 0.150 0.000 0.000 0.000 0.000
Ab(Na/Ca) 7.667 7.949 9.579 17.596  10.081 7.906 8.638 4.463 3.932 6.642 7.248 6.922 10428  10.535 9.694 6.769 3.632 7.367
Or 92.223 91976  90.421 82.193  89.681 91.927 91.195 95228 95.656 92923 92.513 92348 89.214 88.907 89.958  92.830 96.060 92.411

Ce 0.000 0.075 0.000 0.171 0.238 0.166 0.167 0.238 0.437 0.375 0.224 0.709 0.357 0.409 0.348 0.401 0.308 0.222
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Table A.2.5a: Representative analyses of potassium feldspar (continued).

Rock type Two-mica granitoid
Sample NO-30  NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 TA-9 TA-9 TA-9
2-Kfsl 2-Kfsl 2-Kfsl 2-Kfsl  4-Kfsl  4-Kfs]  4-Kfsl  4-Kfsl 4-Kfsl 4-Kfs2 4-Kfs2 4-Kfs3  4-Kfs3  4-Kfs3 4-Kfs3  3-Kfs3  3-Kfs3 4-Kfsl
rim core core rim rim rim core rim rim rim core rim core core rim core rim rim
Compoment oxydes (wt.%)
Si0, 63.53 63.56 64.25 6428 63.72 63.36 64.05 63.42 63.08 63.26 63.30 62.89 63.51 63.73 63.53 64.26 63.76 63.98
AlLOs 18.50 18.39 18.89  18.69 18.52 18.48 18.64 18.54 18.62 18.53 18.71 18.71 18.54 18.56 18.34 18.50 18.55 18.53
MgO 0.00 0.02 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00
CaO 0.02 0.03 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.04 0.03 0.02 0.01 0.04 0.02 0.00 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.06 0.00 0.05 0.05 0.01 0.00 0.00 0.08 0.06 0.00 0.01 0.02 0.08 0.05 0.02 0.03 0.03 0.00
BaO 0.18 0.12 0.14 0.17 0.27 0.12 0.18 0.18 0.31 0.18 0.23 0.15 0.21 0.14 0.10 0.30 0.31 0.09
Na,O 0.99 0.82 2.08 1.31 0.79 0.54 0.56 0.70 0.69 0.68 1.09 0.82 0.79 1.55 0.58 0.52 0.63 0.48
K,O 14.94 15.35 13.73 1453 15.45 15.75 15.57 15.77 15.45 15.36 14.84 15.40 15.43 14.25 15.66 15.51 15.28 15.58
Total 98.21 98.28 99.14  99.06 98.76 98.26 99.02 98.70 98.21 98.05 98.24 98.01 98.57 98.33 98.25 99.12 98.57 98.66
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.983 2.985 2975 2985 2.982 2.981 2.986 2.975 2.972 2.980 2972 2.967 2.979 2.981 2.988 2.993 2.986 2.991
Al 1.024 1.018 1.031  1.022 1.022 1.025 1.024 1.025 1.034 1.029 1.035 1.040 1.025 1.023 1.016 1.016 1.024 1.021
Mg 0.000 0.001 0.000  0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Ca 0.001 0.002 0.000  0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.001 0.001 0.002 0.001 0.000 0.000 0.000
Mn 0.000 0.000 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.002 0.000 0.002  0.002 0.000 0.000 0.000 0.003 0.002 0.000 0.001 0.001 0.003 0.002 0.001 0.001 0.001 0.000
Ba 0.003 0.002 0.003  0.003 0.005 0.002 0.003 0.003 0.006 0.003 0.004 0.003 0.004 0.003 0.002 0.006 0.006 0.002
Na 0.090 0.075 0.187  0.118 0.072 0.049 0.051 0.064 0.063 0.062 0.099 0.075 0.071 0.140 0.053 0.047 0.057 0.044
K 0.895 0.920 0.811  0.861 0.923 0.946 0.926 0.944 0.929 0.923 0.889 0.927 0.923 0.851 0.940 0.922 0.913 0.929
Total 4.998 5.003 5.009  4.993 5.004 5.004 4.991 5.016 5.007 4.998 5.004 5.013 5.006 5.003 5.000 4.983 4.987 4.986
Si +Al 4.006 4.003 4.006  4.007 4.004 4.006 4.011 4.001 4.006 4.008 4.008 4.007 4.004 4.004 4.004 4.017 4.010 4.011
Na+Ca+K 0.989 0.998 1.001  0.983 0.999 0.997 0.987 1.011 0.998 0.990 0.994 1.005 0.999 0.996 0.995 0.971 0.976 0.974
An(Na/Ca) 0.092 0.156 0.000 0.132 0.030 0.000 0.040 0.010 0.000 0.209 0.167 0.101 0.050 0.216 0.091 0.005 0.000 0.000
Ab(Na/Ca) 9.129 7.481 18.706 11.963 7.156 4.941 5.161 6.332 6.355 6.236 9.973 7.415 7.154  14.092 5.296 4.802 5.880 4.493
Or 90.454  92.147 81.034 87.595 92317 94.837 94462 93.338 93.072  93.220  89.427  92.201 92411  85.435 94.435  94.632  93.541 95.342

Ce 0.326 0.216 0.259 0311 0.497 0.222 0.345 0.320 0.574 0.336 0.433 0.283 0.384 0.256 0.178 0.575 0.579 0.165



Appendix A30
Table A.2.5b: Representative analyses of plagioclase (continued).
Rock type Biotite granitoid
Sample LE-2 LE-2 LE-2 LE-2 LE-2 LE-2 BI-8 BI-8 BI-8 BI-8 BI-8 BI-8 BI-8 BI-8 SE-4 SE-4 SE-4 SE-4
1-Pl1 1-Pl1 1-P11 1-P12 2-Pl1 2-Pl1 1-Pl1 1-Pl1 1-pll 1-P11 2-Pl1 2-pll 2-Pl1 2-pll 1-pll 1-pll 1-pll 1-Pl1
rim core rim core core core rim core core core rim core core core rim core core core
Component oxydes (wt.%)
SiO;, 61.95 63.00 62.67 62.63 62.76 62.19 62.88 63.40 62.76 62.40 63.03 62.62 59.76 61.76 64.67 63.97 64.08 63.69
ALO; 23.31 23.68 23.49 23.27 23.31 23.30 23.55 23.57 23.50 23.77 23.28 23.48 25.97 24.23 23.13 22.86 23.19 23.06
MgO 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
CaO 4.63 4.69 4.81 4.50 4.53 4.62 4.76 4.62 4.84 5.07 4.41 4.66 7.46 5.55 3.77 3.71 3.98 4.03
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.20 0.05 0.04 0.11 0.10 0.09 0.09 0.06 0.04 0.13 0.21 0.10 0.04 0.10 0.12 0.03 0.07 0.08
BaO 0.00 0.06 0.01 0.01 0.05 0.05 0.05 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00
Na,O 8.91 8.77 8.79 8.92 8.82 8.96 8.64 9.04 8.65 8.55 9.24 8.87 7.34 8.67 9.21 9.18 9.19 8.90
KO 0.16 0.15 0.30 0.20 0.13 0.19 0.17 0.18 0.21 0.14 0.09 0.14 0.10 0.11 0.27 0.28 0.25 0.35
Total 99.15 100.40  100.11 99.64 99.70 99.39  100.14 100.88  100.01  100.05  100.26 99.87  100.71 10042  101.18 100.02 100.76  100.13
Mineral Structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.769 2.776 2.773 2.782 2.785 2.773 2.778 2.781 2.777 2.762 2.784 2.775 2.646 2.732 2.820 2.821 2.808 2.809
Al 1.228 1.230 1.225 1.218 1.219 1.224 1.226 1.219 1.225 1.240 1.212 1.226 1.355 1.263 1.189 1.188 1.198 1.199
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Ca 0.222 0.221 0.228 0.214 0.215 0.221 0.225 0.217 0.230 0.240 0.209 0.221 0.354 0.263 0.176 0.175 0.187 0.191
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.008 0.002 0.001 0.004 0.004 0.004 0.003 0.002 0.001 0.005 0.008 0.004 0.001 0.004 0.004 0.001 0.003 0.003
Ba 0.000 0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Na 0.772 0.749 0.754 0.769 0.759 0.775 0.740 0.769 0.742 0.734 0.791 0.762 0.630 0.743 0.779 0.784 0.781 0.761
K 0.009 0.008 0.017 0.011 0.007 0.011 0.010 0.010 0.012 0.008 0.005 0.008 0.006 0.006 0.015 0.016 0.014 0.019
Total 5.007 4.988 5.000 4.999 4.989 5.008 4.984 4.999 4.987 4.989 5.008 4.997 4.994 5.012 4.983 4.985 4.990 4.982
Si+Al 4.003 4.006 3.999 4.000 4.003 3.997 4.004 4.000 4.002 4.002 3.996 4.002 4.002 3.995 4.009 4.009 4.006 4.007
Na+Ca+K 1.007 0.980 0.999 0.994 0.982 1.007 0.976 0.996 0.984 0.982 1.005 0.991 0.991 1.013 0.970 0.975 0.982 0.971
An(Na/Ca) 22122 22.581 22799  21.540 21.904 21912 23.075 21.807 23345 24469 20.778 22320 35749 25977 18.137 17.979 19.048  19.622
Ab(Na/Ca) 76991 76457 75471 77316 77249 76940  75.830 77.165 75416 74737 78717 76.876  63.607 73.399  80.278  80.425 79.516  78.374
Or 0.890 0.860 1.712 1.134 0.761 1.068 1.005 1.028 1.205 0.794 0.505 0.804 0.587 0.624 1.560 1.592 1.435 2.004
Ce 0.000 0.102 0.019 0.009 0.087 0.080 0.090 0.000 0.033 0.000 0.000 0.000 0.056 0.000 0.025 0.004 0.000 0.000
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Biotite granitoid Deformed biotite granitoid
Sample SE-4 SE-4 SE-4 SE-4 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3 NG-3
1-P12 2-Pl1 2-Pl1 2-P13 1-Pl1 1-PI1 1-PI1 1-PI1 1-P12 1-P12 1-P12 2-Pll 2-Pll 2-P12 2-P12 1-P12 1-P13
core rim core core rim core core rim rim core core rim core rim core rim core
Component oxydes (wt.%)
Si0, 64.70 64.02 64.45 64.53 71.33 64.29 66.06 65.59 81.84 65.94 65.28 66.03 63.76 63.54 63.83 62.52 62.88
AlLOs 23.01 23.20 23.41 22.90 17.38 22.97 21.09 21.82 12.65 20.82 22.24 21.67 22.78 23.15 23.21 24.02 23.52
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
CaO 3.53 371 3.73 3.58 3.90 4.00 1.92 2.88 2.00 1.87 3.06 251 4.17 4.54 4.37 5.06 4.67
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.09 0.05 0.00 0.06 0.08 0.02 0.03 0.08 0.04 0.02 0.00 0.04 0.07 0.10 0.12 0.01 0.06
BaO 0.01 0.09 0.06 0.03 0.00 0.00 0.00 0.02 0.06 0.04 0.00 0.04 0.00 0.01 0.00 0.00 0.02
Na,O 9.44 9.56 9.27 9.62 7.82 9.19 10.41 9.80 5.14 10.53 9.69 9.82 8.99 8.97 8.90 8.79 8.89
K,0 0.16 0.15 0.27 0.16 0.11 0.16 0.27 0.13 0.13 0.12 0.14 0.16 0.17 0.26 0.23 0.11 0.19
Total 100.93 100.77  101.18 100.88 100.62  100.62 99.78 10033  101.86 99.34 10041  100.27 99.94  100.56  100.65  100.51 100.23
Mineral Structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.825 2.807 2.811 2.823 3.080 2.818 2.908 2.875 3.387 2914 2.859 2.891 2.816 2.796 2.802 2.755 2.777
Al 1.184 1.199 1.203 1.181 0.885 1.187 1.094 1.127 0.617 1.084 1.148 1.118 1.186 1.200 1.201 1.248 1.224
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Ca 0.165 0.174 0.174 0.168 0.181 0.188 0.091 0.135 0.089 0.089 0.144 0.118 0.197 0214 0.205 0.239 0.221
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.003 0.002 0.000 0.002 0.003 0.001 0.001 0.003 0.001 0.001 0.000 0.001 0.003 0.004 0.004 0.000 0.002
Ba 0.000 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Na 0.799 0.813 0.783 0.816 0.655 0.781 0.888 0.833 0.412 0.903 0.823 0.833 0.769 0.765 0.758 0.751 0.761
K 0.009 0.008 0.015 0.009 0.006 0.009 0.015 0.007 0.007 0.007 0.008 0.009 0.010 0.014 0.013 0.006 0.011
Total 4.987 5.004 4.987 4.999 4.808 4.983 4.997 4.981 4514 4.998 4.982 4.971 4.981 4.994 4.983 4.999 4.997
Si+Al 4.010 4.006 4.014 4.005 3.964 4.005 4.002 4.002 4.004 3.999 4.008 4.009 4.002 3.996 4.003 4.003 4.001
Na+Ca+K 0.974 0.997 0.974 0.991 0.841 0.978 0.994 0.976 0.509 0.999 0.974 0.960 0.976 0.994 0.976 0.996 0.993
An(Na/Ca) 16983  17.495 17.886  16.901 21.460  19.194 9.114  13.865 17.450 8870  14.748  12.259  20.203  21.531 21.036  23.990 22271
Ab(Na/Ca) 82.099  81.525 80.475  82.184 77.826  79.897  89.344 85366  80.993  90.364 84.438  86.747 78810  77.004  77.633 75401  76.624
Or 0.910 0.825 1.537 0.870 0.714 0.910 1.542 0.728 1.360 0.694 0.815 0919 0.987 1.441 1.331 0.610 1.080

Ce 0.009 0.155 0.102 0.060 0.000 0.000 0.000 0.040 0.198 0.071 0.000 0.075 0.000 0.024 0.000 0.000 0.030
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Deformed biotite granitoid
Sample NG-3 TS-2B TS-2B TS-2B TS-2B TS-2B TK-2 TK-2 TK-2 TK-2 TK-2 NN-1IA  NN-1A NN-1A NN-1A NN-1A  BFS-7 BFS-7
1-P14 1-Pl1 1-Pl1 1-Pl1 1-Pl1 1-P12 1-P12 1-P12 1-P13 2-Pl1 2-P12 1-Pl1 1-Pl1 2-Pll 2-Pl1 2-P12 1-P11 1-P11
core rim core core core core rim core core core core rim core rim core core core core
Component oxydes (wt.%)
Si0, 64.85 64.07 63.53 63.60 63.40 62.99 61.54 62.21 62.48 64.57 62.18 60.98 61.51 61.73 61.54 61.35 62.90 62.48
ALO; 22.49 22.38 22.88 23.25 23.00 23.14 23.89 23.80 23.39 24.40 24.07 24.63 24.95 24.79 24.79 24.90 23.71 23.51
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 322 3.56 4.39 4.01 4.17 4.37 4.97 5.20 4.87 4.68 5.12 6.03 5.98 5.98 5.96 6.05 4.84 4.86
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.04 0.08 0.04 0.03 0.01 0.03 0.03 0.09 0.08 0.00 0.08 0.09 0.09 0.07 0.07 0.08 0.10 0.05
BaO 0.01 0.01 0.02 0.00 0.06 0.00 0.00 0.02 0.07 0.00 0.07 0.00 0.01 0.00 0.00 0.00 0.05 0.04
Na,O 9.58 9.61 9.02 9.18 9.21 9.07 8.56 8.55 8.76 8.77 8.53 8.11 8.19 8.38 8.33 8.28 8.72 8.44
KO 0.06 0.08 0.19 0.16 0.13 0.09 0.20 0.18 0.22 0.08 0.20 0.22 0.20 0.14 0.21 0.21 0.14 0.13
Total 100.25 99.78  100.07  100.21 99.98 99.70 99.19  100.06 99.87 10250  100.23  100.06  100.93  101.08  100.89 100.86  100.44 99.51
Mineral Structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.846 2.833 2.806 2.802 2.803 2.793 2.749 2.756 2.773 2.780 2.750 2.710 2.709 2.714 2712 2.705 2.772 2.776
Al 1.163 1.166 1.191 1.207 1.198 1.209 1.258 1.243 1.223 1.238 1.254 1.290 1.295 1.285 1.287 1.294 1.231 1.231
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.152 0.169 0.208 0.189 0.198 0.207 0.238 0.247 0.231 0.216 0.243 0.287 0.282 0.282 0.281 0.286 0.228 0.231
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.001 0.003 0.001 0.001 0.001 0.001 0.001 0.003 0.003 0.000 0.003 0.003 0.003 0.002 0.003 0.003 0.004 0.002
Ba 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.001
Na 0.815 0.823 0.772 0.784 0.789 0.780 0.741 0.735 0.754 0.732 0.731 0.699 0.699 0.714 0.712 0.708 0.745 0.727
K 0.003 0.004 0.011 0.009 0.007 0.005 0.011 0.010 0.012 0.005 0.011 0.013 0.011 0.008 0.012 0.012 0.008 0.007
Total 4.981 4.998 4.990 4.991 4.996 4.995 4.998 4.995 4.999 4.970 4.994 5.001 4.999 5.005 5.006 5.007 4.989 4.975
Si+Al 4.013 3.999 3.997 4.009 4.001 4.002 4.007 3.999 3.996 4.017 4.005 3.999 4.003 3.999 3.999 3.999 4.003 4.007
Na+Ca+K 0.975 0.997 0.991 0.982 0.995 0.992 0.991 0.992 0.999 0.953 0.986 0.998 0.993 1.004 1.005 1.005 0.982 0.966
An(Na/Ca) 15.621 16918 20.940 19.266  19.864 20.901 24.024 24.892 23.161 22.670 24.606 28.756  28.413  28.085  28.015 28435 23261  23.961
Ab(Na/Ca) 84.002  82.632 77917 79.846  79.296 78587  74.837 74.040 75475 76.858 74.158 69.984  70.454 71.149  70.821 70.379  75.880  75.222
Or 0.363 0.430 1.103 0.887 0.742 0.513 1.139 1.037 1.235 0.473 1.121 1.260 1.120 0.766 1.164 1.186 0.779 0.751

Ce 0.021 0.019 0.040 0.000 0.097 0.000 0.000 0.031 0.129 0.000 0.114 0.000 0.012 0.000 0.000 0.000 0.081 0.067
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Deformed biotite granitoid Mega feldspar granitoid
Sample BFS-7 BFS-7 BFS-7 BFS-7 BFS-7 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2 ND-2 DML-1 DML-1 DML-1
2-P12 2-P12 2-P12 2-P12 2-P12 2-P12 2-P12 2-P12 2-P12 2-P12 2-P12 5-P15 5-P15 5-PI5 2-P12 2-P12 2-P13
rim core core core rim rim rim core core rim rim core rim core core rim core
Component oxydes (wt.%)
Si0, 63.27 63.60 62.80 63.08 64.01 67.91 64.29 63.86 63.55 64.18 99.64 66.02 63.66 63.85 64.70 63.86 63.58
AlLOs 23.40 23.45 23.65 23.57 23.33 20.25 22.69 22.44 22.90 22.73 0.01 22.56 22.35 22.42 22.07 22.47 22.67
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
CaO 4.74 5.00 4.67 4.74 444 0.79 3.62 3.48 3.77 3.45 0.00 3.17 3.68 3.44 3.33 3.77 3.92
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.00 0.07 0.07 0.05 0.07 0.05 0.02 0.03 0.06 0.07 0.09 0.06 0.10 0.04 0.09 0.00 0.05
BaO 0.09 0.01 0.00 0.00 0.01 0.00 0.05 0.08 0.00 0.05 0.00 0.05 0.00 0.04 0.04 0.00 0.00
Na,O 8.89 8.83 9.08 9.05 9.17 11.16 9.17 9.38 9.31 9.57 0.00 9.75 9.33 9.59 9.86 9.48 9.36
K,0 0.20 0.18 0.14 0.10 0.10 0.05 0.10 0.08 0.08 0.12 0.00 0.19 0.11 0.10 0.18 0.10 0.12
Total 100.59  101.15 10040 100.59  101.13  100.22 99.95 99.35 99.66  100.17 99.74  101.80 99.24 99.47 100.27 99.69 99.69
Mineral Structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.785 2.784 2.770 2.776 2.798 2.963 2.833 2.833 2.813 2.826 3.998 2.855 2.830 2.831 2.848 2.827 2.816
Al 1.214 1.210 1.229 1.223 1.202 1.041 1.178 1.174 1.194 1.180 0.000 1.150 1.171 1.172 1.145 1.172 1.183
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Ca 0.223 0.235 0.221 0.223 0.208 0.037 0.171 0.165 0.179 0.163 0.000 0.147 0.175 0.163 0.157 0.179 0.186
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.000 0.003 0.003 0.002 0.003 0.002 0.001 0.001 0.002 0.003 0.003 0.002 0.004 0.002 0.003 0.000 0.002
Ba 0.002 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.000 0.000
Na 0.759 0.750 0.776 0.772 0.777 0.944 0.783 0.807 0.799 0.817 0.000 0.817 0.804 0.824 0.841 0.814 0.804
K 0.011 0.010 0.008 0.006 0.005 0.003 0.006 0.004 0.004 0.007 0.000 0.010 0.006 0.005 0.010 0.006 0.006
Total 4.993 4.991 5.007 5.002 4.992 4.990 4.973 4.986 4.992 4.996 4.002 4.983 4.990 4.998 5.005 4.997 4.997
Si+Al 3.998 3.994 4.000 3.999 4.000 4.004 4.011 4.007 4.007 4.006 3.998 4.005 4.001 4.003 3.993 3.999 3.999
Na+Ca+K 0.995 0.995 1.004 1.001 0.990 0.984 0.961 0.978 0.982 0.987 0.000 0.975 0.986 0.993 1.009 0.998 0.996
An(Na/Ca) 22455 23590 21962 22307  20.987 3739 17.796 16912 18200 16.465 15.555 15.039 17.765  16.437 15559  17.920  18.662
Ab(Na/Ca) 76.260 75361  77.276  77.144 78437 95967 81.517 82487 81.363 82751 84.445 83.809 81.579  82.948 83.374  81.498  80.686
Or 1.129 1.033 0.762 0.549 0.552 0.294 0.597 0.457 0.437 0.694 0.000 1.058 0.656 0.547 0.996 0.583 0.652

Ce 0.156 0.016 0.000 0.000 0.024 0.000 0.090 0.144 0.000 0.089 0.000 0.094 0.000 0.068 0.070 0.000 0.000
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Mega feldspar granitoid
Sample DML-1 DML-1 DML-1 DML-1 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12
2-Pl4 2-PI5 2-Pl6 2-Pl6 1-Pl1 1-pll 1-P12 1-P12 1-P12 1-P12 1-P13 1-Pl4 2-Pll 2-Pl1 2-Pl1 2-P12 2-P12 2-P12
core core core rim core rim rim core core rim core core core core rim rim core rim
Compoment oxydes (wt.%)
Si0, 63.80 63.89 63.64 67.23 62.96 63.35 62.77 61.76 61.71 62.50 62.13 61.84 61.86 62.96 61.52 61.68 62.53 61.26
AlLOs 22.50 22.49 22.60 20.31 23.14 22.81 23.41 23.85 23.60 23.34 23.27 23.78 23.50 22.75 23.69 23.59 23.59 23.74
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 3.63 3.69 3.62 0.97 4.48 4.10 4.92 5.40 5.13 4.73 4.89 5.11 4.88 4.20 5.18 5.08 4.97 5.46
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.00 0.03 0.06 0.09 0.01 0.03 0.11 0.03 0.07 0.03 0.03 0.08 0.05 0.04 0.07 0.06 0.03 0.07
BaO 0.01 0.06 0.00 0.08 0.01 0.02 0.10 0.00 0.02 0.00 0.05 0.00 0.02 0.00 0.00 0.00 0.05 0.00
Na,O 9.76 9.72 9.61 11.37 9.11 9.24 8.83 8.41 8.57 8.92 8.47 8.54 8.66 9.23 8.53 8.52 8.94 8.37
K,0 0.10 0.04 0.07 0.06 0.11 0.11 0.21 0.20 0.14 0.19 0.20 0.20 0.17 0.21 0.25 0.22 0.16 0.28
Total 99.80 99.92 99.60  100.10 99.82 99.66  100.35 99.64 99.24 99.71 99.05 99.54 99.13 99.38 99.24 99.14  100.28 99.18
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.823 2.824 2.820 2.946 2.790 2.808 2.774 2.749 2.756 2.776 2.776 2.753 2.764 2.802 2.750 2.757 2.765 2.742
Al 1.173 1.172 1.180 1.049 1.208 1.192 1.219 1.251 1.242 1.222 1.225 1.248 1.237 1.193 1.248 1.243 1.229 1.253
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.172 0.175 0.172 0.046 0.212 0.195 0.233 0.257 0.245 0.225 0.234 0.244 0.234 0.200 0.248 0.243 0.236 0.262
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.000 0.001 0.002 0.003 0.000 0.001 0.004 0.001 0.003 0.001 0.001 0.003 0.002 0.001 0.003 0.002 0.001 0.003
Ba 0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Na 0.837 0.833 0.825 0.966 0.783 0.794 0.756 0.725 0.743 0.768 0.733 0.737 0.750 0.796 0.739 0.739 0.767 0.727
K 0.006 0.002 0.004 0.003 0.006 0.006 0.012 0.011 0.008 0.011 0.011 0.011 0.010 0.012 0.014 0.013 0.009 0.016
Total 5.011 5.008 5.004 5.014 5.000 4.996 5.000 4.994 4.998 5.002 4.984 4.997 4.997 5.005 5.003 4.997 5.008 5.002
Si Al 3.997 3.996 4.001 3.995 3.998 4.000 3.993 3.999 3.999 3.998 4.001 4.002 4.002 3.995 3.998 4.000 3.995 3.995
Na+Ca+K 1.015 1.011 1.001 1.016 1.002 0.995 1.003 0.994 0.996 1.004 0.980 0.992 0.993 1.008 1.002 0.994 1.012 1.004
An(Na/Ca) 16952 17.264 17.172 4492  21.209 19.546  23.226  25.891 < 24.630 22440 23.898 24.585 23517 19.883  24.777 24462 23274  26.082
Ab(Na/Ca) 82.466  82.394 82444  95.053  78.129  79.764 75442 72990 74535 76.510 74.853 74276 75483 78951  73.777 74270 75735  72.355
Or 0.562 0.245 0.384 0314 0.638 0.648 1.153 1.120 0.807 1.050 1.169 1.139 0.970 1.166 1.446 1.268 0914 1.564

Ce 0.021 0.096 0.000 0.142 0.024 0.042 0.180 0.000 0.028 0.000 0.080 0.000 0.030 0.000 0.000 0.000 0.077 0.000
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Mega feldspar granitoid
Sample KO-12  KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 KO-12 TE-6 TE-6 TE-6 TE-6 TE-6
2-P13 2-P13 2-P13 3-PI13 3-PI13 1-PI1 1-PI1 1-Pl1 1-pll 1-pll 1-P12 1-P12 1-P12 1-P12 1-P12 1-P12 1-P12 1-P13
rim core rim rim core rim core core rim rim rim core rim rim core core rim core
Compoment oxydes (wt.%)
Si0, 62.42 63.05 62.22 62.73 62.89 62.79 63.68 64.35 64.20 64.57 62.51 63.39 63.15 61.43 61.68 61.65 61.37 62.68
AlLOs 22.83 23.02 23.56 23.66 23.38 22.86 22.70 22.42 22.23 22.13 23.31 23.00 23.05 24.05 24.00 23.88 24.11 23.89
MgO 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 4.50 435 4.86 5.01 4.85 3.95 3.90 3.40 3.52 3.06 4.68 437 4.17 5.48 5.33 5.57 5.41 4.96
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.00 0.04 0.05 0.07 0.06 0.00 0.00 0.00 0.02 0.03 0.05 0.04 0.00 0.04 0.13 0.04 0.06 0.18
BaO 0.00 0.00 0.01 0.00 0.02 0.09 0.04 0.03 0.00 0.06 0.04 0.00 0.01 0.02 0.00 0.00 0.01 0.00
Na,O 9.24 9.10 8.75 8.86 8.68 9.52 9.30 9.56 9.53 10.00 8.80 9.27 9.14 8.34 8.44 8.46 8.39 8.61
K,0 0.21 0.25 0.29 0.23 0.20 0.13 0.11 0.13 0.16 0.08 0.23 0.32 0.26 0.23 0.21 0.18 0.18 0.26
Total 99.21 99.81 99.73  100.56  100.08 99.34 99.72 99.90 99.66 99.93 99.62  100.40 99.77 99.61 99.78 99.78 99.52  100.59
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.788 2.795 2.765 2.766 2.781 2.797 2.818 2.839 2.840 2.848 2.779 2.796 2.798 2.737 2.743 2.743 2.736 2.762
Al 1.202 1.203 1.234 1.229 1.218 1.200 1.184 1.166 1.159 1.151 1.221 1.196 1.204 1.263 1.258 1.252 1.267 1.241
Mg 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.215 0.206 0.232 0.237 0.230 0.188 0.185 0.161 0.167 0.145 0.223 0.207 0.198 0.262 0.254 0.265 0.258 0.234
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.000 0.002 0.002 0.002 0.002 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.000 0.002 0.005 0.001 0.002 0.007
Ba 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.800 0.782 0.754 0.757 0.744 0.822 0.798 0.818 0.817 0.856 0.759 0.793 0.785 0.721 0.728 0.730 0.725 0.735
K 0.012 0.014 0.016 0.013 0.011 0.008 0.006 0.007 0.009 0.005 0.013 0.018 0.014 0.013 0.012 0.010 0.010 0.015
Total 5.017 5.002 5.003 5.005 4.987 5.017 4.992 4.991 4.994 5.006 4.997 5.011 5.000 4.998 4.998 5.001 4.999 4.993
Si Al 3.990 3.998 3.999 3.995 3.999 3.998 4.002 4.005 3.999 3.999 4.000 3.992 4.002 4.001 4.000 3.995 4.003 4.002
Na+Ca+K 1.028 1.003 1.002 1.007 0.985 1.019 0.989 0.986 0.993 1.006 0.995 1.018 0.998 0.996 0.993 1.005 0.994 0.984
An(Na/Ca) 20956  20.587  23.126  23.526 23328 18471 18.682  16.302 16.789  14.395 22404 20.309 19.831 26263 25544 26400 25981  23.784
Ab(Na/Ca) 77.863  78.014 75248 75217 75476  80.634  80.632 82906 82296  85.061  76.234  77.938  78.694 72361  73.240 72589 72997  74.709
Or 1.181 1.399 1.613 1.257 1.162 0.736 0.622 0.736 0.915 0.448 1.294 1.753 1.451 1.336 1.216 1.011 1.013 1.507

Ce 0.000 0.000 0.012 0.000 0.033 0.159 0.063 0.056 0.000 0.096 0.068 0.000 0.024 0.040 0.000 0.000 0.009 0.000
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Mega feldspar granitoid Two-mica granitoid
Sample TE-6 TE-6 TE-6 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3 BM-3
2-Pl1 1-Pl1 1-P12 1-PI1 1-P12 1-P12 1-P12 2-P13 2-P13 2-P13 2-Pl4 2-Pl4 2-Pl4 2-PI5 2-PI5 2-PI5 3-PIl
core core rim core rim core rim rim core core rim core core core core rim rim
Compoment oxydes (wt.%)
Si0, 61.53 61.89 62.01 65.13 67.54 66.96 66.47 65.67 65.75 65.45 65.39 66.61 67.00 65.74 65.88 67.05 67.68
AlLOs 24.01 23.79 24.02 21.13 20.26 20.52 20.55 20.93 21.03 21.35 21.46 21.06 20.60 21.18 20.79 21.35 19.99
MgO 0.00 0.00 0.00 0.02 0.02 0.01 0.01 0.00 0.01 0.00 0.03 0.03 0.01 0.00 0.03 0.00 0.00
CaO 5.46 5.24 542 1.84 0.83 0.99 1.17 1.72 1.81 2.11 222 1.57 1.19 1.51 1.45 1.37 0.50
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.03 0.11 0.09 0.00 0.03 0.03 0.07 0.02 0.01 0.00 0.04 0.00 0.03 0.13 0.00 0.00 0.00
BaO 0.06 0.00 0.00 0.00 0.00 0.00 0.07 0.01 0.00 0.04 0.00 0.03 0.00 0.00 0.00 0.00 0.04
Na,O 8.51 8.54 8.48 10.91 11.28 10.93 11.02 10.81 10.55 10.43 10.45 10.94 10.97 10.34 10.71 10.60 11.39
K,0 0.23 0.14 0.28 0.06 0.14 0.11 0.12 0.16 0.13 0.11 0.13 0.13 0.10 0.22 0.16 0.17 0.19
Total 99.82 99.71 100.30 99.08  100.10 99.54 99.47 99.33 99.28 99.49 99.71  100.36 99.88 99.11 99.00  100.55 99.80
Mineral structural formulas (a.p.f.u) based on 8 Oxygens
Si 2.738 2.752 2.745 2.891 2.955 2.944 2.932 2.906 2.907 2.891 2.884 2914 2.938 2.909 2919 2.920 2.968
Al 1.259 1.247 1.253 1.106 1.045 1.063 1.068 1.092 1.096 1.112 1.116 1.086 1.065 1.105 1.086 1.096 1.033
Mg 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.001 0.000 0.002 0.002 0.000 0.000 0.002 0.000 0.000
Ca 0.260 0.250 0.257 0.087 0.039 0.046 0.055 0.082 0.086 0.100 0.105 0.074 0.056 0.072 0.069 0.064 0.024
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.001 0.004 0.003 0.000 0.001 0.001 0.002 0.001 0.000 0.000 0.001 0.000 0.001 0.005 0.000 0.000 0.000
Ba 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.001
Na 0.734 0.737 0.728 0.939 0.957 0.931 0.942 0.927 0.904 0.893 0.894 0.928 0.933 0.887 0.920 0.895 0.968
K 0.013 0.008 0.016 0.003 0.008 0.006 0.007 0.009 0.007 0.006 0.007 0.007 0.005 0.012 0.009 0.009 0.011
Total 5.006 4.997 5.001 5.027 5.005 4.993 5.009 5.016 5.001 5.003 5.009 5.011 4.998 4.989 5.003 4.984 5.005
Si Al 3.997 3.999 3.997 3.997 3.999 4.007 4.000 3.997 4.003 4.003 4.000 4.000 4.003 4.013 4.004 4.016 4.001
Na+Ca+K 1.009 0.994 1.000 1.030 1.004 0.984 1.006 1.018 0.997 1.000 1.006 1.009 0.994 0.971 0.997 0.969 1.004
An(Na/Ca) 25786  25.125  25.671 8.491 3.872 4.724 5.504 8.014 8.604 9.983  10.431 7.283 5.626 7.391 6.884 6.600 2.360
Ab(Na/Ca) 72.820  74.076  72.766 91.179 95374  94.622  93.679 91.064 90.666  89.339  88.853 91939  93.834  91.353 92237  92.425  96.494
Or 1.295 0.799 1.563 0.325 0.751 0.650 0.694 0.898 0.730 0.603 0.716 0.725 0.540 1.256 0.879 0.975 1.076

Ce 0.099 0.000 0.000 0.005 0.003 0.005 0.124 0.024 0.000 0.074 0.000 0.053 0.000 0.000 0.000 0.000 0.070
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Two-mica granitoid
Sample BM-3 BM-3 BM-3 BM-3 BM-3 BM3 BM-3 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6 BAN-6
3-Pll 3-Pl1 3-Pl1 3-P12 4-Pl1 4-Pl1 4-Pl1 1-Pl1 1-Pl1 1-Pl1 1-P12 1-pl2 1-P13 1-P13 1-P13 2-Pll 2-Pl1 2-Pl1
core core rim rim rim core rim rim core rim core core rim core rim core rim rim
Component oxydes (wt.%)
Si0, 67.68 67.45 67.51 67.17 64.97 65.73 65.34 64.94 65.16 65.82 65.90 65.57 64.79 67.15 65.51 67.11 65.01 64.47
ALO; 20.06 20.07 20.46 19.96 21.37 21.42 21.33 21.74 21.46 21.38 21.00 21.31 21.55 20.14 21.39 20.20 21.96 21.85
MgO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00
CaO 0.55 0.58 0.73 0.63 221 1.94 2.10 2.74 2.60 223 2.02 1.95 2.55 0.78 2.30 1.04 275 2.79
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.04 0.02 0.06 0.04 0.05 0.01 0.00 0.02 0.00 0.02 0.06 0.03 0.07 0.00 0.00 0.01 0.00 0.00
BaO 0.00 0.05 0.07 0.03 0.06 0.00 0.00 0.04 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.08
Na,O 11.54 11.39 11.10 11.47 10.54 10.45 10.64 10.00 10.30 10.20 10.54 10.65 10.41 11.16 10.11 11.06 10.01 10.05
K,0 0.17 0.16 0.19 0.07 0.15 0.18 0.15 0.04 0.08 0.11 0.06 0.15 0.21 0.11 0.16 0.08 0.25 0.20
Total 100.04 99.72  100.12 99.38 99.35 99.73 99.55 99.52 99.59 99.78 99.58 99.67 99.58 99.35 99.46 99.50 99.97 99.43
Mineral structural formulas (a.p.f.u.) based on 8 Oxygens
Si 2.963 2.962 2.952 2.961 2.880 2.895 2.887 2.870 2.879 2.896 2.906 2.892 2.868 2.958 2.892 2.953 2.863 2.858
Al 1.035 1.039 1.054 1.037 1.116 1.112 1.111 1.133 1.117 1.109 1.091 1.108 1.124 1.046 1.113 1.047 1.140 1.142
Mg 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.026 0.027 0.034 0.030 0.105 0.092 0.099 0.130 0.123 0.105 0.095 0.092 0.121 0.037 0.109 0.049 0.130 0.133
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.002 0.001 0.002 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.002 0.000 0.000 0.000 0.000 0.000
Ba 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Na 0.979 0.970 0.941 0.980 0.906 0.892 0912 0.857 0.882 0.870 0.902 0911 0.893 0.953 0.865 0.943 0.855 0.864
K 0.009 0.009 0.010 0.004 0.009 0.010 0.009 0.002 0.004 0.006 0.004 0.008 0.012 0.006 0.009 0.005 0.014 0.011
Total 5.014 5.008 4.996 5.013 5.019 5.001 5.017 4.993 5.006 4.987 5.001 5.013 5.022 4.999 4.988 4.998 5.001 5.008
Si Al 3.998 4.001 4.007 3.997 3.997 4.006 3.998 4.003 3.996 4.005 3.998 4.001 3.993 4.003 4.005 4.000 4.003 4.000
Na+Ca+K 1.015 1.007 0.987 1.015 1.021 0.994 1.019 0.990 1.010 0.981 1.001 1.011 1.026 0.996 0.983 0.997 0.998 1.009
An(Na/Ca) 2.556 2.715 3.442 2927 10276 9.225 9.735  13.113  12.204  10.696 9.539 9.095 11.774 3706 11.075 4908 12987 13.154
Ab(Na/Ca) 96.530 96303  95.379  96.625  88.782  89.751  89.425 86.586  87.371  88.655  90.097 90.066 87.054 95702  88.013 94619 85611 85.615
Or 0914 0.901 1.052 0.393 0.848 1.023 0.841 0.234 0.424 0.606 0.360 0.812 1.172 0.592 0.911 0.473 1.402 1.099

Ce 0.000 0.080 0.127 0.054 0.094 0.000 0.000 0.067 0.000 0.042 0.003 0.027 0.000 0.000 0.000 0.000 0.000 0.133
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Two-mica granitoid
Sample BAN-6 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 NO-30
2-Pl1 2-P12 2-P2 2-P12 2-P12 2-P13 2-P13 2-P13 3-Pl1 3-Pl1 3-pll 3-pl2 3-P12 3-pl2 3-pll 3-pll 4-P12 4-P12
rim rim core core rim rim core rim core core rim rim core rim core rim rim core

Component oxydes (wt.%)

Si0, 64.78 63.45 62.76 62.90 63.01 62.19 63.24 63.02 63.01 63.18 62.85 62.94 64.07 62.81 63.54 63.24 65.02 63.01
ALO; 21.38 22.60 22.97 23.13 22.84 23.45 22.80 22.76 22.69 22.58 22.77 23.12 22.46 23.03 22.40 22.65 21.68 22.73
MgO 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 2.52 3.76 4.18 425 4.11 4.64 4.00 3.86 4.01 3.80 3.97 4.13 3.65 4.11 3.47 3.71 248 3.69
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.04 0.05 0.00 0.02 0.05 0.05 0.06 0.02 0.04 0.01 0.04 0.04 0.05 0.08 0.00 0.02 0.05 0.04
BaO 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.11 0.01 0.04 0.00 0.00 0.00
Na,O 10.21 9.28 9.17 9.07 9.24 8.98 9.22 9.34 9.32 9.43 9.32 9.23 9.69 9.56 9.88 9.61 10.46 9.55
K,0 0.15 0.20 0.27 0.23 0.21 0.14 0.14 0.15 0.18 0.15 0.23 0.19 0.21 0.23 0.10 0.13 0.20 0.18
Total 99.08 99.33 99.39 99.60 99.47 99.44 99.46 99.15 99.24 99.24 99.18 99.64  100.22 99.83 99.43 99.37 99.89 99.19
Mineral structural formulas (a.p.f.u.) based on 8 Oxygens

Si 2.878 2.819 2.794 2.793 2.801 2.769 2.808 2.807 2.807 2.814 2.802 2.793 2.826 2.788 2.823 2.812 2.868 2.807
Al 1.120 1.184 1.205 1.210 1.197 1.231 1.193 1.195 1.191 1.185 1.197 1.209 1.168 1.205 1.173 1.187 1.127 1.193
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.120 0.179 0.200 0.202 0.196 0.221 0.190 0.184 0.191 0.181 0.189 0.196 0.172 0.196 0.165 0.177 0.117 0.176
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.002 0.002 0.000 0.001 0.002 0.002 0.002 0.000 0.001 0.000 0.002 0.001 0.002 0.003 0.000 0.001 0.002 0.001
Ba 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.001 0.000 0.000 0.000
Na 0.879 0.799 0.792 0.781 0.796 0.775 0.794 0.806 0.805 0.814 0.806 0.794 0.828 0.823 0.851 0.829 0.895 0.825
K 0.008 0.011 0.015 0.013 0.012 0.008 0.008 0.009 0.010 0.009 0.013 0.011 0.012 0.013 0.006 0.007 0.011 0.010
Total 5.006 4.994 5.007 4.999 5.004 5.007 4.996 5.003 5.006 5.005 5.009 5.005 5.010 5.027 5.019 5.013 5.021 5.014
Si Al 3.997 4.003 4.000 4.003 3.998 4.000 4.002 4.002 3.998 3.999 3.999 4.002 3.994 3.993 3.996 3.999 3.996 4.001
Na+Ca+K 1.007 0.990 1.007 0.996 1.004 1.004 0.992 0.999 1.007 1.006 1.008 1.001 1.014 1.032 1.023 1.013 1.023 1.011
An(Na/Ca) 11.892  18.100 19.820 20.312 19474 22.030 19.178 18441 19.015 18.037 18788  19.603 16990 18954 16.151 17.446 11.469 17.436
Ab(Na/Ca) 87.275 80.766  78.630 78369  79.293  77.194  80.028  80.700  79.963  80.940  79.931  79.334  81.691  79.794  83.208 81.821  87.420  81.576
Or 0.833 1.134 1.500 1.313 1.186 0.775 0.794 0.859 1.022 0.853 1.281 1.063 1.138 1.235 0.576 0.734 1.111 0.983

Ce 0.000 0.000 0.050 0.005 0.047 0.000 0.000 0.000 0.000 0.170 0.000 0.000 0.181 0.017 0.065 0.000 0.000 0.005
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Table A.2.5b: Representative analyses of plagioclase (continued).

Rock type Two-mica granitoid
Sample NO-30  NO-30  NO-30 NO-30 NO-30 NO-30 NO-30 NO-30 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9 TA-9
4-P12 4-P13 4-P13 4-P13 4-pl4 4-Pl4 4-pl4 4-PI5 3-P12 3-P12 3-P12 3-PI3 3-PI3 3-PI13 3-Pl4 3-Pl4 3-Pl4
rim rim core core rim core rim core rim core rim rim core rim rim core rim
Component oxydes (wt.%)
Si0, 64.65 62.80 63.14 63.14 63.24 63.12 62.62 67.09 64.64 64.70 64.37 65.54 66.10 64.95 65.47 65.62 65.78
ALO; 21.66 22.78 22.63 22.66 22.80 22.52 22.73 20.58 21.92 21.59 21.73 21.30 21.35 21.37 21.40 21.26 21.58
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
CaO 2.46 3.80 3.94 3.81 3.82 3.86 4.13 2.12 2.79 2.80 2.69 2.06 2.08 2.52 2.11 1.99 224
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.04 0.07 0.01 0.05 0.03 0.07 0.04 0.00 0.00 0.00 0.05 0.04 0.02 0.05 0.02 0.01 0.00
BaO 0.00 0.00 0.00 0.00 0.06 0.00 0.03 0.00 0.03 0.00 0.02 0.01 0.05 0.01 0.00 0.00 0.01
Na,O 10.33 9.66 9.45 9.35 9.37 9.39 9.42 10.26 10.12 9.92 10.07 10.25 10.39 10.23 10.36 10.52 10.36
K,0 0.13 0.12 0.15 0.22 0.18 0.24 0.16 0.10 0.09 0.20 0.20 0.10 0.11 0.13 0.12 0.13 0.18
Total 99.28 99.23 99.32 99.23 99.49 99.20 99.13  100.15 99.59 99.21 99.13 99.29  100.09 99.25 99.47 99.53  100.14
Mineral structural formulas (a.p.f.u.) based on 8 Oxygens
Si 2.867 2.800 2.810 2.812 2.809 2.813 2.797 2.935 2.859 2.871 2.861 2.897 2.900 2.880 2.891 2.896 2.887
Al 1.132 1.197 1.187 1.189 1.194 1.183 1.197 1.061 1.142 1.129 1.138 1.110 1.104 1.117 1.114 1.106 1.116
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca 0.117 0.182 0.188 0.182 0.182 0.184 0.198 0.099 0.132 0.133 0.128 0.098 0.098 0.120 0.100 0.094 0.105
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe 0.002 0.003 0.000 0.002 0.001 0.003 0.001 0.000 0.000 0.000 0.002 0.001 0.000 0.002 0.001 0.000 0.000
Ba 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.888 0.835 0.815 0.808 0.806 0.811 0.815 0.870 0.868 0.854 0.868 0.878 0.883 0.879 0.887 0.900 0.881
K 0.007 0.007 0.009 0.012 0.010 0.014 0.009 0.006 0.005 0.011 0.011 0.006 0.006 0.007 0.007 0.007 0.010
Total 5.014 5.022 5.008 5.004 5.003 5.008 5.018 4.972 5.007 4.998 5.009 4.990 4.993 5.005 4.999 5.004 5.000
Si Al 4.000 3.997 3.997 4.001 4.002 3.996 3.993 3.997 4.001 4.000 4.000 4.007 4.004 3.997 4.005 4.002 4.004
Na+Ca+K 1.013 1.023 1.011 1.002 1.000 1.009 1.023 0.975 1.006 0.998 1.008 0.982 0.988 1.006 0.994 1.001 0.997
An(Na/Ca) 11.563  17.742 18558  18.139  18.188 18253  19.335  10.198  13.126  13.323  12.714 9.944 9.884  11.890  10.024 9.383  10.566
Ab(Na/Ca) 87.739  81.591  80.583  80.630  80.687  80.390 79.711  89.224  86.302 85.531 86.119 89.472 89.428 87.387 89.312 89.903  88.431
Or 0.698 0.667 0.859 1.231 1.015 1.358 0.908 0.578 0.527 1.146 1.126 0.569 0.606 0.703 0.663 0.714 0.983

Ce 0.000 0.000 0.000 0.000 0.110 0.000 0.046 0.000 0.045 0.000 0.041 0.016 0.082 0.021 0.000 0.000 0.021
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Table A.2.6a: Representative analyses of magnetite (continued).

Rock type Biotite granitoid
Sample NG-3 NG-3 NG-3 NG-3 NG-3 LE-2 LE-2 LE-2 LE-2 BL-8 BL-8 BL-8 BL-8 SE-4 SE-4 SE-4 BFS-7
2-Magl

1-Magl 2-Magl 2-Mag2 2-Mag3 3-Magl 4-Magl 4-Mag2 4-Mag3 4-Mag4 2-Magl 2-Mag2 2-Mag3 (titanigte) 1-Magl 1-Mag2 2-Magl 2-Magl
Component oxides (wt.%)
Si0, 0.03 0.06 0.09 0.00 0.03 0.04 0.04 0.00 0.03 0.07 0.06 0.08 0.00 0.03 0.02 0.00 0.00
TiO, 0.01 0.03 0.02 0.01 0.00 0.02 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.02
ALO; 0.00 0.02 0.00 0.00 0.01 0.04 0.00 0.06 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr,03 0.02 0.00 0.04 0.02 0.02 0.07 0.01 0.00 0.00 0.02 0.01 0.01 0.07 0.02 0.02 0.02 0.00
Fe,05 62.89 60.34 62.42 61.94 62.63 62.69 62.55 62.58 62.06 62.29 43.73 63.13 43.75 60.41 62.57 62.50 62.59
MgO 0.05 0.04 0.00 0.00 0.00 0.15 0.00 0.07 0.05 0.03 0.00 0.02 0.04 0.10 0.06 0.00 0.03
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.07 0.10 0.11 0.06 0.00 0.08 0.06 0.12 0.05 0.10 0.00 0.24 0.00 0.17 0.11 0.23 0.06
FeO 28.13 26.99 28.07 27.83 28.20 27.95 28.13 27.93 27.82 27.93 19.72 28.18 19.66 26.84 27.99 27.92 28.06
ZnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 91.21 87.59 90.75 89.85 90.89 91.02 90.83 90.76 90.02 90.46 63.53 91.65 63.52 87.59 90.77 90.67 90.77
Mineal structural formulas (a.p.f.u) based on 4 Oxygens
A-position
Mg 0.003 0.003 0.000 0.000 0.000 0.009 0.000 0.005 0.003 0.002 0.000 0.001 0.003 0.007 0.004 0.000 0.002
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.003 0.004 0.004 0.002 0.000 0.003 0.002 0.004 0.002 0.004 0.000 0.008 0.000 0.006 0.004 0.008 0.002
Fe?t 0.993 0.992 0.996 0.998 1.000 0.988 0.998 0.991 0.995 0.994 1.000 0.990 0.997 0.986 0.993 0.992 0.996
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sum A 0.999 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 0.999 1.001 1.001 1.000
B-position
Si 0.001 0.003 0.004 0.000 0.001 0.002 0.002 0.000 0.001 0.003 0.004 0.003 0.000 0.001 0.001 0.000 0.000
Ti 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
Al 0.000 0.001 0.000 0.000 0.000 0.002 0.000 0.003 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.001 0.000 0.001 0.001 0.001 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.003 0.001 0.001 0.001 0.000
Fe*t 1.998 1.995 1.993 1.999 1.997 1.993 1.996 1.997 1.998 1.995 1.995 1.995 1.996 1.998 1.998 1.999 1.999
Sum B 2.000 2.000 1.999 2.000 2.000 2.000 1.999 2.000 2.000 1.999 1.999 1.999 2.000 2.000 1.999 1.999 2.000

A+B 2.999 2.998 2.999 3.000 3.000 2.999 2.999 3.000 3.000 2.999 2.999 2.999 3.000 2.999 3.000 3.000 3.000
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Table A.2.6a: Representative analyses of magnetite (continued).

Rock type Deformed biotite granitoid Mega feldspar granitoid
Sample BFS-7 ND-2 ND-2 ND-.2 NN-1 NN-1 TS-2 TK-2 TK-2 TE-6 TE-6
2-Mag2 2-Magl 2-Mag2 4-Magl 1-Magl 1-Mag2 2-Magl 1-Magl 1-Mag2 3-Magl 3-Magl
Component oxides (wt.%)
Si0, 0.01 0.04 0.00 0.03 0.02 0.03 0.00 0.02 0.06 0.05 0.03
TiO, 0.03 0.03 0.07 0.17 0.04 0.00 0.00 0.04 0.03 0.01 0.01
ALO; 0.03 0.03 0.00 0.00 0.00 0.02 0.00 0.06 0.04 0.00 0.00
Cr,03 0.01 0.00 0.11 0.15 0.07 0.05 0.04 0.02 0.03 0.01 0.00
Fe,05 61.97 62.49 62.71 62.08 63.50 63.78 62.49 62.49 62.34 62.73 62.63
MgO 0.02 0.02 0.06 0.00 0.03 0.01 0.02 0.04 0.00 0.03 0.02
CaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.04 0.06 0.04 0.17 0.03 0.02 0.00 0.16 0.07 0.07 0.10
FeO 27.86 28.09 28.18 27.97 28.56 28.72 28.11 27.93 28.09 28.12 28.08
ZnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 89.97 90.76 91.16 90.56 92.26 92.64 90.66 90.75 90.64 91.02 90.86
Mineal structural formulas (a.p.f.u) based on 4 Oxygens
A-position
Mg 0.001 0.001 0.004 0.000 0.002 0.001 0.001 0.003 0.000 0.002 0.001
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.002 0.001 0.006 0.001 0.001 0.000 0.006 0.002 0.003 0.004
Fe? 0.997 0.997 0.995 0.994 0.997 0.999 0.999 0.991 0.998 0.995 0.995
Zn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sum A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.999 1.000 0.999 1.000
B-position
Si 0.001 0.002 0.000 0.001 0.001 0.001 0.000 0.001 0.003 0.002 0.001
Ti 0.001 0.001 0.002 0.005 0.001 0.000 0.000 0.001 0.001 0.000 0.000
Al 0.001 0.001 0.000 0.000 0.000 0.001 0.000 0.003 0.002 0.000 0.000
Cr 0.000 0.000 0.004 0.005 0.002 0.002 0.001 0.001 0.001 0.000 0.000
Fe*t 1.996 1.995 1.993 1.986 1.995 1.995 1.999 1.994 1.993 1.997 1.998
Suml B 2.000 1.999 1.999 1.997 1.999 2.000 2.000 2.000 1.999 2.000 1.999

A+B 3.000 2.999 2.999 2.998 2.999 3.000 3.000 2.999 2.999 2.999 3.000
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Table A.2.6b: Representative analyses of ilmenite.

Rock type Two-mica granitoid Mega feldspar granitoid
Sample NO-30  NO-30 NO-30 NO-30  NO-30 NO-30 NO-30 BAN-6 BAN-6 KO-12 KO-12 KO-12 KO12 KO12 KOI12
1-ilm2  1-ilm3 1-ilm3 4-ilml  4-ilm2  4-ilm3  4-ilm4  1-ilm4  2-ilm2 1-ilm3  1-ilm3 1-ilm4  2-ilm2  2-ilm3  2-ilm3
Component oxydes (Wt %)
SiO;, 0.00 0.00 0.02 0.03 0.04 0.04 0.02 0.00 0.05 0.06 0.05 0.03 0.05 0.00 0.00
TiO, 45.69 46.20 45.89 46.18 35.19 48.70 48.77 40.39 37.83 4438 43.00 43.63 43.89 42.97 42.15
ALO; 0.01 0.04 0.02 0.02 0.05 0.00 0.01 0.02 0.07 0.01 0.05 0.00 0.01 0.00 0.05
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe,0; 0.12 0.12 0.12 0.11 0.34 0.08 0.08 0.22 0.30 0.18 0.17 0.19 0.18 0.20 0.21
MgO 0.04 0.02 0.00 0.04 3.46 0.03 0.00 0.00 0.03 0.10 0.17 0.03 0.07 0.03 0.05
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.04
FeO 3.38 3.29 3.36 3.00 9.29 2.17 2.14 5.92 8.08 4.90 4.74 5.18 4.93 5.47 5.69
Total 49.24 49.66 49.43 49.38 48.36 51.03 51.01 46.54 46.36 49.63 48.19 49.08 49.13 48.68 48.18
Mineral structural formulas (a.p.f.u.) based on 6 Oxygens
A-Position
Si 0.000 0.000 0.002 0.002 0.004 0.003 0.002 0.000 0.005 0.005 0.005 0.002 0.004 0.000 0.000
Ti 2.873 2.877 2.873 2.884 2.391 2919 2.923 2.763 2.656 2.807 2.800 2.801 2.807 2.790 2.773
Al 0.001 0.004 0.002 0.002 0.005 0.000 0.000 0.002 0.007 0.001 0.005 0.000 0.001 0.000 0.005
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe** 0.010 0.010 0.010 0.010 0.020 0.000 0.000 0.010 0.020 0.010 0.010 0.010 0.010 0.010 0.010
Sum A 2.882 2.888 2.885 2.896 2423 2.927 2.930 2.779 2.689 2.824 2.822 2.816 2.824 2.804 2.792
B-Position
Mg 0.005 0.002 0.000 0.005 0.465 0.003 0.000 0.000 0.005 0.013 0.022 0.003 0.009 0.004 0.006
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.003
Fe?t 0.236 0.228 0.234 0.208 0.702 0.144 0.143 0.450 0.631 0.345 0.343 0.370 0.351 0.395 0.416
Sum B 0.241 0.230 0.235 0.213 1.167 0.148 0.143 0.450 0.636 0.358 0.365 0.375 0.359 0.399 0.426
A+B 3.123 3.118 3.120 3.109 3.591 3.075 3.073 3.229 3.325 3.182 3.187 3.191 3.183 3.203 3.218
IImenite 98.03 94.46 99.88 88.72 99.76 98.37 99.24 99.57  980.24 97.20 95.82 98.29 97.40 98.90 98.26
Pyrophanite 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.13 0.08 0.54 0.00 0.07 0.69

Geikielite 1.96 0.86 0.21 2.27 0.86 2.33 0.00 0.00 0.72 3.61 5.97 0.85 2.40 1.06 1.50
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A.3 Whole-rock geochemistry

Table A.3.1: Major and trace element data — X-ray fluorescence (XRF) analyses (continued).

Rock type Biotite granitoid

Sample BD-2 BD-1 BAD-13 BAPI-14 NKj-1 BAN-5 TA-7 SAN-1 NG-7
Major elements (wt %)

SiO, 69.03 71.59 70.99 66.25 70.78 69.93 74.6 68.16 73.11
TiO, 0.36 0.32 0.28 0.62 0.30 0.44 0.18 0.50 0.12
ALOs 15.34 14.36 14.6 15.95 15.15 14.57 13.21 14.74 14.33
Fe,04 221 1.61 1.8 2.5 1.98 2.66 1.88 2.57 0.88
MnO 0.04 0.02 0.04 0.03 0.04 0.06 0.08 0.04 0.02
MgO 0.7 0.29 0.37 0.49 0.58 0.58 0.28 0.75 0.19
CaO 1.7 0.82 1.31 1.47 1.59 1.65 1.34 1.83 0.99
Na,O 4.04 3.28 3.49 3.68 4.01 3.67 4.17 327 3.61
KO 4.95 6.41 5.92 6.7 4.96 5.26 2.92 6.03 5.08
P,0s 0.11 0.07 0.09 0.2 0.1 0.12 0.02 0.16 0.02
S b.d.l b.d.l. b.d.l. b.d.l b.d.l b.d.l. b.d.l. b.d.l. b.d.l.
LOI (1000°C) 0.53 0.51 0.44 0.49 0.41 0.34 0.37 0.41 0.5
Total 99.01 99.28 99.33 98.38 99.49 99.28 99.05 98.46 98.85
Trace elements (ppm)

Sc b.d.l b.d.l. b.d.l. b.d.l b.d.l b.d.l. b.d.l. b.d.l. b.d.l.
\Y 32 21 21 36 22 30 13 38 12
Cr 21 16 b.d.L b.d.l 19 11 21 17 13
Co 39 38 23 18 30 24 37 44 52
Ni b.d.l b.d.l. b.d.l. b.d.l b.d.l b.d.l. b.d.l. b.d.l. b.d.l.
Zn 57 39 52 78 46 51 68 72 21
Ga 30 29 16 28 32 20 19 24 29
Rb 212 263 242 271 212 154 160 182 180
Sr 506 684 289 1001 427 189 193 1162 287
Y 16 29 18 17 13 45 30 21 14
Zr 197 294 252 487 182 227 127 345 110
Nb 11 13 11 8 10 17 12 15 8
Mo b.d.L b.d.l. b.d.l. b.d.l b.d.L b.d.l. b.d.l. b.d.l. b.d.l.
Sn b.d.l b.d.L b.d.L b.d.l b.d.l b.d.L b.d.L b.d.L b.d.L
Ba 1386 2324 1067 2820 1195 761 920 2993 1349
Pb 42 47 45 40 50 22 35 49 53
Th 24 70 57 41 26 22 b.d.L 39 17
U 8 10 b.d.L b.d.l 9 b.d.L b.d.L b.d.L b.d.L
CIPW norm

Quartz 2221 25.99 24.93 15.89 24.48 24.39 35.94 21.54 30.32
Corundum 0.51 0.70 0.28 0.45 0.53 0.13 0.80 0.00 1.14
Orthoclase 29.25 37.88 34.98 39.59 29.31 31.08 17.26 35.64 30.02
Albite 34.19 27.75 29.53 31.14 33.93 31.05 35.29 27.67 30.55
Anorthite 7.72 3.61 591 5.99 7.24 7.40 6.52 7.73 4.78
Diopside 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypersthene 1.74 0.72 0.92 1.22 1.44 1.44 0.70 1.87 0.47
Ilmenite 0.09 0.04 0.09 0.06 0.09 0.13 0.17 0.09 0.04
Apatite 0.25 0.16 0.21 0.46 0.23 0.28 0.05 0.37 0.05
Hematite 2.21 1.61 1.80 2.50 1.98 2.66 1.88 2.57 0.88
Titanite 0.00 0.00 0.00 0.00 0.00 0.00 0.00- 0.21 0.00
Rutile 0.31 0.30 0.23 0.59 0.25 0.37 0.09 0.37 0.10
Total 98.48 98.77 98.89 97.89 99.49 98.94 98.68 97.84 98.35
Solidification Index 13.18 6.77 10.46 10.24 12.68 12.46 13.00 13.36 9.38
Differentiation Index 85.65 91.62 89.44 86.62 87.73 86.53 88.48 84.84 90.89
Color Index 4.04 2.38 2.81 3.78 3.51 423 2.75 4.52 1.40
Agpaitic Index 0.78 0.86 0.83 0.83 0.79 0.81 0.76 0.81 0.80
Mgt 71.51 58.80 61.96 60.83 69.89 63.34 54.13 69.81 63.11
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Table A.3.1: Major and trace element data (continued).

* Sample containing amphibole minerals; Mg# = 100Mg/(Mg + Fe)

Rock type Biotite granitoid

Sample BID-33 SE-1 SE-2 SE-5 PA-1 PA-2  TEN-31 TJ-2 BL-13*
Major elements (wt %)

SiO, 68.84 73.39 72.62 69.56 69.58 73.82 73.08 71.32 66.6
TiO, 0.54 0.19 0.22 0.57 0.51 0.17 0.13 0.29 0.64
AlLO; 15.19 13.77 13.95 152 14.71 13.44 14.12 14.51 14.34
Fe,0; 2.65 1.25 1.71 2.57 2.7 1.16 1.1 1.57 3.66
MnO 0.04 0.03 0.02 0.03 0.03 0.02 0.03 0.02 0.09
MgO 0.74 0.28 0.31 0.73 0.71 0.23 0.31 0.22 1.24
CaO 1.73 0.93 1.23 1.6 1.44 1.01 1.36 0.89 2.33
Na,O 3.91 3.59 3.57 3.99 32 3.61 3.12 3.18 2.88
K,O 5.26 5.53 5.26 5.47 6.06 512 5.52 6.95 6.49
P,Os 0.16 0.04 0.04 0.17 0.21 0.03 0.09 0.03 0.26
S b.d.l. b.d.l. b.d.l b.d.l b.d.l b.d.l b.d.l. b.d.l. b.d.l.
LOI (1000°C) 0.3 0.32 0.43 0.27 0.57 0.37 0.36 0.24 0.4
Total 99.36 99.32 99.36 100.16 99.72 98.98 99.22 99.22 98.88
Trace elements (ppm)

Sc b.d.l. b.d.l. b.d.l b.d.l 13 b.d.L b.d.l. b.d.l. b.d.l.
\% 46 23 14 43 43 13 16 14 51
Cr 17 12 b.d.l 15 15 17 14 b.d.l 16
Co 19 38 51 34 37 47 34 34 22
Ni 7 b.d.l. b.d.l b.d.l b.d.l b.d.l b.d.l. b.d.l. 6
Zn 70 25 37 82 62 21 25 20 71
Ga 20 15 22 29 21 16 22 16 23
Rb 206 219 194 209 212 167 170 225 181
Sr 387 310 171 425 293 124 275 175 527
Y 20 20 20 18 17 11 b.d.l 70 41
Zr 373 135 221 372 354 126 115 254 351
Nb 14 15 12 13 15 6 b.d.l. 16 27
Mo b.d.l. 12 b.d.l b.d.l b.d.l b.d.l b.d.l. b.d.l. b.d.l.
Sn b.d.l b.d.l b.d.l b.d.l b.d.l b.d.l b.d.l b.d.l b.d.l
Ba 1333 881 537 1501 1302 451 774 351 1953
Pb 36 43 42 45 34 31 37 47 23
Th 21 35 38 15 76 39 10 18 28
U b.d.l 7 b.d.l b.d.l 5 11 b.d.l b.d.l b.d.l
CIPW norm

Quartz 21.61 29.05 28.74 21.38 24.22 30.80 30.68 24.07 19.51
Corundum 0.30 0.28 0.24 0.21 0.77 0.19 0.75 0.21 0.00
Orthoclase 31.08 32.68 31.08 32.33 35.81 30.26 32.62 41.07 38.35
Albite 33.09 30.38 30.21 33.76 27.08 30.55 26.40 26.91 24.37
Anorthite 7.54 435 5.84 6.83 5.77 481 6.16 4.22 7.03
Diopside 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.74
Hypersthene 1.84 0.70 0.77 1.82 1.77 0.57 0.77 0.55 2.74
Tlmenite 0.09 0.06 0.04 0.06 0.06 0.04 0.06 0.04 0.19
Apatite 0.37 0.09 0.09 0.39 0.49 0.07 0.21 0.07 0.60
Hematite 2.65 1.25 1.71 2.57 2.70 1.16 1.10 1.57 3.66
Titanite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.32
Rutile 0.49 0.16 0.20 0.54 0.48 0.15 0.10 0.27 0.00
Total 99.06 99.00 98.93 99.89 99.15 98.61 98.86 98.98 98.53
Solidification Index 12.77 8.23 10.45 11.74 10.75 9.27 12.25 7.07 15.17
Differentiation Index 85.78 92.10 90.03 87.47 87.11 91.61 89.71 92.05 82.24
Color Index 4.58 2.01 2.52 445 4.53 1.78 1.94 2.16 7.34
Agpaitic Index 0.80 0.86 0.83 0.82 0.80 0.85 0.79 0.88 0.82
Mgt 68.87 63.96 58.96 69.24 67.57 61.11 69.07 52.62 72.86
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Table A.3.1: Major and trace element data (continued).

* Sample containing amphibole minerals

Rock type Biotite granitoid

Sample BL-8* BG-1* BL-4* BL-9* BL-5* TE-2* TE-1* LE-2* NG-2a*
Major elements (wt %)

SiO, 69.08 67.09 62.15 60.58 56.91 66.6 60.06 62.82 72.52
TiO, 0.53 0.56 091 141 1.48 0.65 1.48 0.8 0.25
AlLO; 14.79 15.24 15.44 12.02 17.61 15.53 15.17 16.18 14.11
Fe0; 3.09 341 5.33 6.45 6.77 3.32 6.9 5.01 1.9
MnO 0.07 0.06 0.13 0.16 0.08 0.06 0.09 0.07 0.04
MgO 0.75 091 1.71 3.97 1.72 1.02 2.27 1.69 0.57
CaO 191 2.23 325 4.59 4.79 2.13 3.81 3.64 1.51
Na,O 3.65 4.00 3.46 1.25 4.92 391 343 4.52 395
K0 5.13 5.26 5.4 6.86 3.54 5.28 442 3.66 4.36
P,0s 0.15 0.19 0.39 0.87 0.62 0.2 0.69 0.31 0.04
S b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
LOI (1000°C) 0.33 0.37 0.54 0.66 0.48 0.51 0.6 0.47 0.49
Total 99.48 99.32 98.71 98.82 98.92 99.21 98.92 99.18 99.74
Trace elements (ppm)

Sc b.d.l b.d.l. 15 23 b.d.l b.d.l 22 b.d.l. 11
A% 36 51 76 122 124 54 85 89 27
Cr 17 15 21 108 18 22 55 15 19
Co 33 32 25 29 28 19 23 41 55
Ni b.d.l b.d.l. 8 38 8 b.d.l 22 b.d.L b.d.L
Zn 54 56 120 151 118 66 143 89 47
Ga 17 22 23 25 24 20 23 32 23
Rb 168 160 377 230 195 169 203 120 170
Sr 221 244 1500 559 1097 538 637 798 559
Y 56 54 49 32 15 51 35 20 11
Zr 265 269 524 336 278 307 656 421 94
Nb 23 20 36 25 18 28 41 15 12
Mo b.d.l b.d.L b.d.L b.d.l b.d.l b.d.l b.d.L b.d.L b.d.L
Sn b.d.l b.d.L b.d.L b.d.l b.d.l b.d.l b.d.L b.d.L b.d.L
Ba 872 931 3441 2247 1651 1214 1740 1224 1179
Pb 27 28 24 23 20 35 44 31 49
Th 21 24 26 22 7 24 44 5 5
U b.d.l. 7 b.d.l. b.d.l. b.d.l b.d.l b.d.l. 6 b.d.l.
CIPW norm

Quartz 23.43 18.47 13.58 15.95 4.57 18.14 13.90 13.72 28.89
Corundum 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24
Orthoclase 30.32 31.08 31.91 40.54 20.92 31.20 26.12 21.63 25.77
Albite 30.89 33.85 29.28 10.58 41.63 33.09 29.02 38.25 3342
Anorthite 8.50 8.09 10.65 6.93 15.51 9.23 12.94 13.05 7.23
Diopside 0.00 0.01 0.21 4.59 0.00 0.00 0.00 0.37 0.00
Hypersthene 1.87 2.26 4.16 7.77 4.28 2.54 5.65 4.04 1.42
IImenite 0.15 0.13 0.28 0.34 0.17 0.13 0.19 0.15 0.09
Apatite 0.35 0.44 0.90 2.02 1.44 0.46 1.60 0.72 0.09
Hematite 3.09 341 5.33 6.45 6.77 3.32 6.90 5.01 1.90
Titanite 0.00 1.21 1.87 3.02 2.96 0.02 1.03 1.77 0.00
Rutile 0.45 0.00 0.00 0.00 0.18 0.57 0.96 0.00 0.20
Total 99.15 98.95 98.17 98.17 98.44 98.70 98.32 98.70 99.25
Solidification Index 13.86 14.97 18.64 23.97 23.93 14.55 20.53 21.63 12.88
Differentiation Index 84.63 83.40 74.77 67.07 67.12 82.42 69.05 73.60 88.07
Color Index 5.11 5.81 9.98 19.15 11.23 5.99 12.75 9.57 341
Agpaitic Index 0.78 0.81 0.75 0.79 0.68 0.78 0.69 0.70 0.80
Mgt 65.79 67.89 71.77 82.99 66.81 70.88 72.28 72.77 70.39
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Table A.3.1: Major and trace element data (continued).

* Sample containing amphibole minerals

Deformed biotite granite

Rock type Biotite granite
Sample NO-1* NG-3a*
Major elements (Wt %)

Si0, 65.87 68.42
TiO, 0.43 0.37
ALOs 14.89 14.78
Fe,03 4.28 3.17
MnO 0.19 0.09
MgO 2.05 1.26
CaO 4.51 2.40
Na,O 4.58 3.90
K0 1.73 4.07
P,0s 0.09 0.29
S 0.11 b.d.lL
LOI (1000°C) 0.78 0.52
Total 99.51 99.17

Trace elements (ppm)

Sc 16 b.d.l.
\'% 75 14
Cr 48 12
Co 30 36
Ni 13 b.d.L
Zn 77 58
Ga 20 22
Rb 65 305
Sr 197 117
Y 114 14
Zr 61 130
Nb 29 15
Mo b.d.L b.d.L
Sn b.d.l. b.d.l.
Ba 182 632
Pb 15 45
Th 13 31
U b.d.L 9
CIPW norm

Quartz 21.62 23.96
Corundum 0.00 0.29
Orthoclase 10.22 24.05
Albite 38.75 33.00
Anorthite 14.96 10.01
Diopside 4.74 0.00
Hypersthene 291 3.14
Tlmenite 0.41 0.19
Apatite 0.21 0.67
Hematite 428 3.17
Titanite 0.53 0.00
Rutile 0.00 0.27
Total 98.63 98.75
Solidification Index 29.87 17.73
Differentiation Index 70.59 81.01
Color Index 12.34 6.50
Agpaitic Index 0.63 0.73
Mgt 79.15 75.90

BFS-1 BNF-14  BNF-7 BAS-25 BAS-26 BAS-27
71.94 70.92 73.09 72.12 71.75 68.98
0.21 0.36 0.07 0.29 0.30 0.45
14.72 14.3 13.72 14.00 14.24 14.74
1.40 2.27 0.85 1.85 1.95 2.66
0.03 0.02 0.01 0.04 0.04 0.06
0.33 0.57 0.10 0.44 0.55 0.79
1.30 1.45 0.84 1.33 1.46 1.72
4.18 2.81 2.56 3.72 3.67 3.58
4.69 5.78 7.32 5.02 4.99 5.35
0.05 0.13 0.08 0.08 0.10 0.15
b.d.l b.d.lL b.d.lL b.d.l b.d.l b.d.L
0.36 0.49 0.32 0.34 0.54 0.56
99.21 99.1 98.96 99.23 99.59 99.04
b.d.l b.d.lL b.d.lL b.d.l b.d.l b.d.l
18 24 19 24 26 39
28 15 14 12 19 19

51 17 17 31 29 29
b.d.l b.d.L b.d.L b.d.l b.d.l 6
42 48 8 60 55 82
25 22 14 29 27 35
171 165 223 197 228 235
340 304 334 762 728 820
11 20 13 20 16 24
136 235 53 211 208 298
11 15 b.d.L 14 15 19
b.d.l b.d.L b.d.L b.d.l b.d.l b.d.L
b.d.l b.d.lL b.d.lL b.d.l b.d.l b.d.l
1285 1358 1327 1652 1601 1904
39 41 34 40 46 37

13 41 b.d.lL 54 39 48
b.d.l b.d.L b.d.L b.d.l b.d.l b.d.L
26.54 28.86 28.46 27.99 27.64 23.24
0.52 1.10 0.25 0.22 0.39 0.29
27.72 34.16 43.26 29.67 29.49 31.62
35.37 23.78 21.66 31.48 31.05 30.29
6.12 6.34 3.65 6.08 6.59 7.55
0.00 0.00 0.00 0.00 0.00 0.00
0.82 1.42 0.25 1.10 1.37 1.97
0.06 0.04 0.02 0.09 0.09 0.13
0.12 0.30 0.19 0.19 0.23 0.35
1.40 2.27 0.85 1.85 1.95 2.66
0.00 0.00 0.00 0.00 0.00 0.00
0.18 0.34 0.06 0.24 0.25 0.38
98.85 98.61 98.64 98.89 99.05 98.48
11.24 11.78 7.26 11.16 12.10 12.92
89.63 86.80 93.38 89.13 88.18 85.15
2.29 3.73 1.12 3.03 3.41 4.76
0.81 0.76 0.88 0.83 0.80 0.79
65.13 66.55 48.25 65.33 69.09 70.18
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Table A.3.1: Major and trace element data (continued).

* Sample containing amphibole minerals

Rock type Deformed biotite granite

Sample MD-1 ND-1 LE-1 NG-la NO-28* BNF-24* BA-31* TK-3* TK-2*
Major elements (Wt %)

Si0, 70.49 73.55 60.29 62.4 54.49 58.24 64.97 66.6 58.07
TiO, 0.32 0.22 1.48 1.35 1.09 1.96 0.59 0.53 1.31
ALO; 14.7 14.00 15.2 15.16 21.12 15.5 16.29 15.93 15.37
Fe,03 2.04 1.46 6.67 6.12 5.44 7.79 3.92 3.57 8.75
MnO 0.06 0.03 0.08 0.08 0.06 0.11 0.08 0.08 0.20
MgO 0.48 0.30 2.08 1.91 1.94 2.66 1.32 1.24 3.14
CaO 1.50 0.95 3.52 332 5.46 4.85 3.15 2.98 4.60
Na,O 4.05 3.68 3.63 3.42 5.55 3.55 4.12 4.19 4.08
K0 5.20 5.47 443 4.71 227 2.85 4.00 4.01 2.51
P,Os 0.08 0.06 0.71 0.64 0.34 0.90 0.20 0.18 0.43
S b.d.l b.d.lL b.d.lL b.d.L 0.36 b.d.l b.d.l b.d.lL b.d.lL
LOI (1000°C) 0.43 0.33 0.51 0.51 1.26 0.67 0.46 0.53 0.65
Total 99.35 100.5 98.6 99.62 99.38 99.08 99.1 99.84 99.11
Trace elements (ppm)

Sc b.d.l. 14 20 15 b.d.l. 16 b.d.l. 11 30
\% 22 18 81 82 98 162 69 58 146
Cr 12 15 50 39 18 24 15 13 27
Co 26 26 19 32 33 28 25 34 31
Ni b.d.l b.d.L 20 17 17 16 6 5 10
Zn 49 31 137 126 67 142 108 58 147
Ga 17 30 34 25 26 25 23 22 22
Rb 188 233 232 253 168 222 122 138 149
Sr 174 371 594 557 873 590 485 387 354
Y 53 15 35 33 43 28 37 24 53
Zr 184 187 688 633 825 319 220 208 441
Nb 19 11 45 43 40 29 14 13 24
Mo b.d.l. b.d.l b.d.l b.d.l 6 b.d.l. b.d.l. b.d.l b.d.l
Sn b.d.l b.d.L b.d.L b.d.L b.d.l b.d.l b.d.l 16 18
Ba 587 964 1735 1555 490 915 1099 958 372
Pb 38 42 36 44 27 13 20 33 22
Th 37 43 49 49 29 22 10 19 21
U 7 b.d.l b.d.l b.d.l 8 b.d.l. b.d.l. 8 b.d.l
CIPW norm

Quartz 23.40 28.90 13.74 16.37 0.00 14.92 17.58 19.33 12.23
Corundum 0.00 0.44 0.00 0.00 0.42 0.00 0.00 0.00 0.00
Orthoclase 30.73 32.33 26.18 27.83 13.41 16.84 23.64 23.70 14.83
Albite 34.27 31.14 30.72 28.94 46.96 30.04 34.86 35.45 34.52
Anorthite 6.57 4.32 12.10 12.10 24.87 17.94 14.14 12.81 16.21
Diopside 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Hypersthene 1.20 0.75 5.18 4.76 445 6.63 3.29 3.09 7.81
IImenite 0.13 0.06 0.17 0.17 0.13 0.24 0.17 0.17 0.43
Apatite 0.19 0.14 1.65 1.48 0.79 2.09 0.46 0.42 1.00
Hematite 2.04 1.46 6.67 6.12 5.44 7.79 3.92 3.57 8.75
Titanite 0.24 0.52 0.13 0.00 0.17 0.13 0.56 2.66
Rutile 0.15 0.19 1.18 1.21 1.02 1.77 0.45 0.21 0.00
Total 98.92 99.72 98.09 99.11 97.50 98.41 98.64 99.31 98.46
Solidification Index 11.73 8.22 19.29 18.90 29.17 25.47 20.74 20.20 23.07
Differentiation Index 88.40 92.36 70.63 73.14 60.38 61.80 76.08 78.48 61.58
Color Index 3.36 227 12.02 11.05 10.29 14.65 7.38 6.83 17.01
Agpaitic Index 0.84 0.86 0.71 0.71 0.55 0.58 0.68 0.71 0.61
Mgt 65.09 61.95 71.19 71.21 73.86 73.02 72.74 73.35 73.98
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Table A.3.1: Major and trace element data (continued).

* Sample containing amphibole minerals

Rock type Deformed biotite granitoid

Sample BFS-4 NG-1 NG-3 BNF-8 BNF-3 BNF-6 BNF-10 BFS-7 BNF- 4
Major elements (Wt %)

Si0, 63.92 63.10 62.79 68.21 63.41 72.14 64.33 61.03 58.48
TiO, 0.80 0.85 0.86 0.36 0.40 0.33 0.61 0.72 1.31
AL O3 14.56 14.66 14.44 15.06 17.49 13.74 15.39 16.60 14.42
Fe,03 4.85 5.00 5.52 3.51 4.14 2.34 5.53 5.79 10.46
MnO 0.09 0.10 0.11 0.06 0.08 0.03 0.09 0.10 0.14
MgO 1.86 1.91 1.99 1.30 0.48 0.39 1.99 241 1.11
CaO 3.05 3.44 3.61 2.81 2.11 1.16 3.70 4.59 3.94
Na,O 3.54 3.66 3.72 322 5.13 3.63 3.60 4.71 3.79
KO 4.70 5.17 4.77 3.84 5.80 5.19 2.75 2.57 3.75
P,Os 0.39 0.39 0.39 0.12 0.09 0.06 0.23 0.23 0.54
S b.d.l b.d.lL b.d.L b.d.lL b.d.lL b.d.l b.d.l b.d.l 0.43
LOI (1000°C) 0.57 0.34 0.61 0.68 0.56 0.39 0.57 0.59 0.66
Total 98.33 98.62 98.81 99.17 99.69 99.4 98.79 99.34 99.03
Trace elements (ppm)

Sc 13 24 18 b.d.l b.d.l b.d.l. b.d.l. b.d.l. 14
\% 77 78 85 46 21 12 72 115 33
Cr 37 34 35 29 11 11 34 24 17
Co 20 33 25 22 30 34 34 29 26
Ni 15 23 13 6 b.d.L b.d.l 21 10 b.d.L
Zn 103 102 109 72 65 40 89 75 113
Ga 18 29 24 27 27 18 20 23 24
Rb 168 137 134 131 73 87 136 101 79
Sr 1414 1531 1525 393 187 150 730 605 315
Y 35 41 42 13 4 24 28 20 69
Zr 403 411 438 105 354 388 233 179 703
Nb 21 26 28 9 40 24 14 9 48
Mo b.d.l b.d.L 6 b.d.L 9 b.d.l b.d.l b.d.l 7
Sn b.d.l. b.d.l b.d.l b.d.l b.d.l b.d.l. b.d.l. b.d.l. b.d.l
Ba 2983 3229 2944 1082 761 631 2095 941 1517
Pb 31 45 48 25 19 15 24 27 10
Th 17 23 25 [ 7 29 12 15 9
U b.d.l 6 b.d.L b.d..l b.d.L b.d.l b.d.l b.d.l b.d.L
CIPW norm

Quartz 17.70 14.25 14.75 27.16 6.89 28.26 22.62 12.03 14.54
Corundum 0.00 0.00 0.00 0.78 0.00 0.18 0.31 0.00 0.00
Orthoclase 27.78 30.55 28.19 22.69 34.28 30.67 16.25 15.19 22.16
Albite 29.95 30.97 31.48 27.25 4341 30.72 30.46 39.85 32.07
Anorthite 9.96 8.30 8.61 13.16 7.57 5.36 16.85 16.56 11.26
Diopside 0.15 2.85 3.26 0.00 0.96 0.00 0.00 2.02 0.59
Hypersthene 4.56 3.44 3.45 324 0.75 0.97 4.96 5.07 2.49
IImenite 0.19 0.21 0.24 0.13 0.17 0.06 0.19 0.21 0.30
Apatite 0.90 0.90 0.90 0.28 0.21 0.14 0.53 0.53 1.25
Hematite

Titanite 1.71 1.81 1.81 0.00 0.76 0.00 0.00 1.49 2.83
Rutile 0.00 0.00 0.00 0.29 0.00 0.30 0.51 0.00 0.00
Total 9291 93.29 92.69 94.98 94.99 96.67 92.69 92.97 87.48
Solidification Index 18.90 19.92 20.49 21.00 12.28 9.42 23.75 25.99 17.96
Differentiation Index 75.43 75.717 74.42 77.10 84.57 89.65 69.33 67.08 68.77
Color Index 9.76 11.50 12.47 6.88 6.02 3.38 10.68 13.09 13.84
Agpaitic Index 0.75 0.79 0.78 0.63 0.84 0.84 0.58 0.63 0.71
Mgt 75.24 75.17 74.07 74.59 47.88 56.91 74.04 76.74 45.68
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Table A.3.1: Major and trace element data (continued).
* Sample containing amphibole minerals

Rock type Deformed biotite granitoid Mega feldspar granitoid

Sample ND-2* NN-1* BM-1 HO-1 KE-1  DML-la  DML-2 KO-12
Major elements (Wt %)

Si0, 65.34 62.71 70.42 72.5 71.27 73.81 71.1 70.68
TiO, 0.68 0.68 0.32 0.34 0.35 0.29 0.4 0.27
ALO; 14.27 16.76 15.04 13.72 14.17 12.81 13.97 15.05
Fe,03 421 4.56 1.97 2.50 2.62 2.28 3.25 2.00
MnO 0.09 0.06 0.03 0.03 0.04 0.03 0.04 0.04
MgO 1.51 1.29 0.58 0.39 0.41 0.31 0.38 0.47
CaO 2.78 3.12 1.51 1.55 1.47 1.21 1.39 1.95
Na,O 3.65 3.54 3.78 3.04 3.14 2.78 3.02 3.92
K,O 5.11 5.67 4.90 4.93 5.11 5.24 537 4.11
P,0s 0.32 0.24 0.11 0.10 0.11 0.07 0.12 0.11
S b.d.L b.d.l b.d.l b.d.l b.d.l b.d.lL b.d.lL b.d.l
LOI (1000°C) 0.35 0.47 0.48 0.27 0.47 0.35 0.41 0.47
Total 98.31 99.1 99.14 99.37 99.16 99.18 99.45 99.07
Trace elements (ppm)

Sc b.d.l 15 b.d.l b.d.l b.d.l b.d.lL b.d.lL b.d.l
v 64 61 29 19 18 11 20 17
Cr 26 16 12 15 20 13 13 16
Co 30 28 32 25 20 36 28 20
Ni 13 6 b.d.l b.d.l b.d.l b.d.L 5 7
Zn 91 65 52 62 73 47 68 64
Ga 29 26 22 24 27 24 26 25
Rb 172 199 211 179 204 192 204 200
Sr 1295 529 428 196 169 143 156 222
Y 34 28 15 16 16 17 18 23
Zr 360 505 178 221 211 209 268 168
Nb 21 24 12 14 15 17 16 13
Mo b.d.L b.d.l b.d.l b.d.l b.d.l b.d.L b.d.L b.d.l
Sn b.d.lL b.d.l b.d.l b.d.l b.d.l b.d.lL b.d.lL b.d.l
Ba 2765 1455 1171 731 756 477 622 621
Pb 50 49 41 29 32 27 26 38
Th 32 26 19 23 24 27 25 22
U 9 b.d.l b.d.l b.d.l b.d.l b.d.L b.d.L b.d.l
CIPW norm

Quartz 18.16 12.66 25.89 3233 30.00 34.73 29.78 27.58
Corundum 0.00 0.00 1.04 0.80 1.06 0.53 0.95 0.87
Orthoclase 30.20 33.51 28.96 29.13 30.20 30.97 31.73 24.29
Albite 30.89 29.95 31.99 25.72 26.57 23.52 25.55 33.17
Anorthite 7.46 13.09 6.77 7.04 6.57 5.55 6.11 8.96
Diopside 1.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypersthene 2.96 3.21 1.44 0.97 1.02 0.77 0.95 1.17
Ilmenite 0.19 0.13 0.06 0.06 0.09 0.06 0.09 0.09
Apatite 0.74 0.56 0.25 0.23 0.25 0.16 0.28 0.25
Hematite 1.97 2.50 2.62 2.28 3.25 2.00
Titanite 1.42 0.58 0.00 0.00 0.00 0.00 0.00 0.00
Rutile 0.00 0.38 0.29 0.31 0.30 0.26 0.35 0.22
Total 93.76 94.07 96.69 96.60 96.07 96.55 95.79 96.60
Solidification Index 17.65 18.47 12.42 12.90 11.91 10.51 10.67 16.28
Differentiation Index 79.25 76.13 86.83 87.19 86.77 89.22 87.06 85.04
Color Index 9.10 7.90 3.48 3.54 3.73 3.12 4.28 3.26
Agpaitic Index 0.81 0.71 0.77 0.75 0.75 0.80 0.77 0.72
Mg# 73.97 69.15 70.00 55.28 55.36 51.86 48.09 65.06
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Table A.3.1: Major and trace element data (continued).

Rock type Mega feldspar granitoid

Sample BN-1 BN-2

Major elements (Wt %)

Si0, 71.65 72.94 69.32 70.4 73.74
TiO, 0.39 0.26 0.46 0.43 0.37
ALO; 14.10 13.57 15.08 14.37 12.45
Fe,0; 2.34 2.05 2.52 2.48 3.07
MnO 0.04 0.03 0.04 0.04 0.05
MgO 0.54 0.31 0.61 0.61 0.83
CaO 1.40 1.46 1.57 1.55 1.86
Na,O 3.30 3.59 3.34 3.36 3.38
KO 5.42 433 5.98 5.35 3.04
P,Os 0.14 0.07 0.17 0.15 b.d.L
S b.d.l b.d.l b.d.l b.d.lL b.d.lL
LOI (1000°C) 0.39 0.28 0.38 0.38 0.28
Total 99.71 98.89 99.47 99.14 99.07
Trace elements (ppm)

Sc b.d.l. b.d.l. b.d.l. 17 b.d.l
\% 26 20 38 32 50
Cr 12 12 15 13 28
Co 25 42 33 23 43
Ni b.d.l b.d.l b.d.l b.d.L 12
Zn 60 57 62 64 45
Ga 21 23 26 22 20
Rb 286 235 302 249 97
Sr 185 172 273 250 220
Y 19 12 14 13 20
Zr 246 160 230 248 270
Nb 21 22 17 15 8
Mo b.d.l b.d.l b.d.l b.d.L b.d.L
Sn b.d.l. b.d.l. b.d.l. 17 b.d.l
Ba 763 543 1049 880 929
Pb 38 46 36 36 23
Th 68 41 38 63 59
U b.d.l 10 b.d.l 11 7
CIPW norm

Quartz (Q) 28.30 32.09 23.21 26.57 37.22
Corundum(C) 0.59 0.49 0.66 0.59 0.22
Orthoclase(Or) 32.03 25.59 3534 31.62 17.97
Albite(Ab) 27.92 30.38 28.26 28.43 28.60
Anorthite(An) 6.03 6.79 6.68 6.71 9.23
Diopside(Di) 0.00 0.00 0.00 0.00 0.00
Hypersthene(Hy) 1.35 0.77 1.52 1.52 2.07
IImenite(Il) 0.09 0.06 0.09 0.09 0.11
Apatite(Ap) 0.32 0.16 0.39 0.35 0.00
Hematite(Hm) 2.34 2.05 2.52 2.48 3.07
Titanite(Tn) 0.00 0.00 0.00 0.00 0.00
Rutile(Ru) 0.34 0.23 0.41 0.38 0.31
Total 96.98 96.56 96.57 96.26 95.72
Solidification Index 11.24 12.77 11.71 12.17 16.39
Differentiation Index 88.26 88.06 86.81 86.62 83.79
Color Index 3.77 2.89 4.12 4.08 5.24
Agpaitic Index 0.80 0.78 0.79 0.79 0.71
Mgt 64.65 54.51 65.73 66.09 68.18
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Table A.3.1: Major and trace element data (continued).

Rock type Two-mica granitoid

Sample BM-3 BM-4 BM-5 BP-1 BAN-6 BF-1 BF-2 TA-9 NO-30
Major elements (wt %)

SiO, 74.55 74.51 73.22 73.59 72.38 72.2 73.13 73.69 71.33
TiO, 0.07 0.06 0.11 0.18 0.21 0.25 0.21 0.18 0.31
Al O4 14.25 14.09 14.65 14.11 14.49 14.26 14.3 14.26 14.42
Fe,05* 0.96 0.69 1.44 1.22 1.54 1.61 1.33 1.34 1.97
MnO 0.02 0.01 0.04 0.02 0.03 0.02 0.02 0.06 0.02
MgO 0.13 0.09 0.2 0.22 0.23 0.29 0.25 0.24 0.37
CaO 0.49 0.54 0.37 0.92 0.89 1.13 1.08 0.74 1.17
Na,O 3.82 4.08 3.29 3.28 3.17 345 3.44 3.4 3.09
K20 4.52 4.56 5.2 5.42 5.51 5.35 5.15 4.56 5.88
P,0s 0.03 0.03 0.04 0.07 0.15 0.08 0.06 0.1 0.14
S b.d.l b.d.l. b.d.l. b.d.l b.d.l b.d.l b.d.l. b.d.l. b.d.l.
LOI (1000°C) 0.59 0.42 1.02 0.42 0.72 0.37 0.49 0.79 0.45
Total 99.43 99.08 99.58 99.45 99.32 99.01 99.46 99.36 99.15
Trace elements (ppm)

Sc b.d.L b.d.l. b.d.l. b.d.l b.d.l 12 b.d.l. b.d.l. b.d.l.
\Y b.d.l b.d.L 14 14 13 12 15 12 19
Cr 26 16 b.d.L 12 b.d.l 14 13 13 13
Co 26 22 33 36 26 36 29 19 23
Ni b.d.l b.d.l. b.d.l. b.d.l b.d.l b.d.l b.d.l. b.d.l. b.d.l.
Zn 14 10 41 58 80 74 63 62 64
Ga 31 26 34 22 27 27 24 35 20
Rb 283 264 334 305 353 335 305 470 318
Sr 46 55 48 117 113 126 135 97 126
Y 24 14 14 14 14 15 14 12 23
Zr 61 45 43 130 145 178 149 125 237
Nb 24 20 29 15 24 20 14 20 23
Mo b.d.L b.d.l. b.d.l. b.d.l b.d.L b.d.l b.d.l. b.d.l. b.d.l.
Sn b.d.l b.d.L b.d.L b.d.l b.d.l b.d.l b.d.L 17 b.d.L
Ba 142 174 178 632 634 683 690 485 621
Pb 47 50 52 45 33 40 41 24 29
Th 5 6 5 31 37 48 41 24 89
U b.d.l b.d.L b.d.L 9 7 b.d.l 12 5 6
CIPW norm

Quartz 33.87 32.12 33.20 31.67 31.03 29.03 30.89 34.80 28.19
Corundum 2.25 1.53 3.03 1.34 2.05 0.93 1.25 2.62 1.18
Orthoclase 26.71 26.95 30.73 32.03 32.56 31.62 30.43 26.95 34.75
Albite 32.32 34.52 27.84 27.75 26.82 29.19 29.11 28.77 26.15
Anorthite 2.24 2.48 1.57 4.11 3.44 5.08 497 3.02 4.89
Diopside 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypersthene 0.32 0.22 0.50 0.55 0.57 0.72 0.62 0.60 0.92
Ilmenite 0.04 0.02 0.09 0.04 0.06 0.04 0.04 0.13 0.04
Apatite 0.07 0.07 0.09 0.16 0.35 0.19 0.14 0.23 0.32
Hematite 0.96 0.69 1.44 1.22 1.54 1.61 1.33 1.34 1.97
Titanite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rutile 0.05 0.05 0.06 0.16 0.18 0.23 0.19 0.11 0.29
Total 98.84 98.66 98.56 99.03 98.60 98.64 98.97 98.57 98.70
Solidification Index 5.01 5.47 3.59 8.49 8.01 9.79 9.82 7.37 9.66
Differentiation Index 92.91 93.59 91.77 91.45 90.41 89.84 90.44 90.52 89.08
Color Index 1.33 0.94 2.02 1.81 2.18 2.38 2.00 2.07 293
Agpaitic Index 0.78 0.83 0.75 0.80 0.77 0.80 0.79 0.74 0.79
Mgt 51.76 50.83 52.39 58.83 54.20 58.80 59.83 58.67 59.81
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Table A.3.2: Rare earth element and some trace element data — LA-ICPMS analyses (continued).

(EwEu*)y = Euy x (Smyx Gdn)™”

Rock type Biotite granitoid

Sample NG-7 BG-1 BL-9 PA-2 BD-1
Trace elements (ppm)

Sc 2.54 10.40 18.30 1.73 2.46
Cr 8.22 7.88 119.00 7.68 6.82
Ni 5.11 6.00 39.80 5.38 5.02
Nb 9.69 22.80 33.30 4.41 15.20
Mo 0.71 2.74 1.89 1.00 3.16
Hf 4.04 9.05 10.80 4.60 9.12
Ta 1.01 2.37 2.04 0.32 1.81
REE (ppm)

Sn 0.86 2.58 431 0.97 242
La 40.90 71.80 93.50 51.00 111.00
Ce 48.10 133.00 177.00 75.20 191.00
Pr 6.60 17.00 22.50 7.55 22.60
Nd 22.80 68.40 95.60 25.20 82.40
Sm 3.44 14.20 18.10 3.30 12.80
Eu 1.07 1.54 4.00 0.83 2.40
Gd 2.63 12.40 13.00 2.05 8.17
Tb 0.30 1.93 1.52 0.23 0.98
Dy 1.68 12.50 7.97 1.19 5.07
Ho 0.35 243 1.33 0.23 0.88
Er 0.92 6.89 3.35 0.67 2.38
Tm 0.13 0.99 0.46 0.10 0.34
Yb 0.88 6.33 3.02 0.81 2.22
Lu 0.13 0.83 0.43 0.14 0.33
>REE (ppm) 129.92 350.24 441.78 168.50 442.57
(La/Lu)y 32.41 8.97 22.68 37.81 34.81
LREE (La/Sm)y 7.42 3.16 3.23 9.65 5.42
HREE (Gd/Lu)y 2.48 1.84 3.75 1.81 3.05
(Ew/Eu*)y 1.08 0.35 0.79 0.97 0.72
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Table A.3.2: Rare earth element and some trace element data — LA-ICPMS analyses (continued).

(EwEu*)y = Euy x (Smyx Gdy)™”

Rock type Deformed biotite granitoid

Sample TK-3 NN-1 BFS-7 BFS-1 ND-1
Trace elements (ppm)

Sc 8.82 9.30 14.60 3.03 2.16
Cr 10.40 16.00 22.00 15.80 9.15
Ni 7.00 8.65 13.10 6.94 6.05
Nb 14.60 27.00 12.20 11.60 12.30
Mo 1.42 1.80 1.73 1.20 1.31
Hf 6.91 14.30 5.36 4.16 6.73
Ta 1.06 2.39 0.79 1.09 1.36
REE (ppm)

Sn 2.08 2.87 3.95 1.43 1.46
La 57.50 111.00 44.80 44.20 75.00
Ce 86.20 188.00 70.70 65.50 104.00
Pr 9.30 20.80 8.13 6.78 12.80
Nd 34.70 76.40 31.70 24.00 45.30
Sm 6.07 11.80 5.86 3.94 6.66
Eu 1.37 2.19 1.42 0.87 1.06
Gd 4.81 8.04 4.67 2.58 3.97
Tb 0.67 1.02 0.62 0.31 0.45
Dy 4.26 591 3.77 1.58 2.38
Ho 0.83 1.07 0.71 0.27 0.42
Er 2.38 2.96 2.16 0.69 1.06
Tm 0.37 0.41 0.30 0.09 0.17
Yb 2.55 2.89 2.20 0.59 1.24
Lu 0.41 0.43 0.32 0.09 0.19
>REE (ppm) 211.42 432.92 177.36 151.48 254.70
(La/Lu)y 14.56 26.86 14.67 52.13 42.08
LREE (La/Sm)y 5.92 5.87 4.77 7.01 7.03
HREE (Gd/Lu)y 1.45 2.32 1.82 3.62 2.65
(Ew/Eu*)y 0.77 0.69 0.83 0.83 0.63
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Table A.3.2: Rare earth element and some trace element data — LA-ICPMS analyses (continued).

(EwEu*)y = Euy x (Smyx Gdn)™”

Rock type Mega feldspar granitoid

Sample TS-1 KO-12 DML-1a KE-1a BN-2a
Trace elements (ppm)

Sc 4.98 4.61 3.78 4.63 5.24
Cr 11.80 10.80 6.95 10.50 12.40
Ni 7.27 7.18 4.76 6.28 6.99
Nb 27.00 14.30 18.80 18.40 21.20
Mo 1.44 1.61 1.06 0.96 0.74
Hf 8.66 5.62 6.81 6.92 9.48
Ta 1.79 0.81 1.94 1.10 1.44
REE (ppm)

Sn 3.62 3.11 2.49 3.65 2.97
La 107.00 68.50 110.00 70.10 67.10
Ce 183.00 111.00 180.00 126.00 110.00
Pr 20.70 14.10 20.60 13.50 12.40
Nd 75.10 54.30 74.00 49.30 44.00
Sm 12.00 9.69 11.00 8.31 6.43
Eu 1.38 1.41 1.27 1.19 1.25
Gd 7.41 7.08 6.96 5.61 3.84
Tb 0.81 0.84 0.76 0.63 0.44
Dy 3.97 4.23 3.71 3.21 2.26
Ho 0.63 0.75 0.60 0.55 0.38
Er 1.51 1.95 1.57 1.39 1.09
Tm 0.21 0.26 0.21 0.19 0.16
Yb 1.37 1.78 1.26 1.22 1.04
Lu 0.21 0.27 0.20 0.18 0.17
> REE (ppm) 415.30 276.15 412.13 281.38 250.56
(La/Lu)y 54.18 26.63 57.38 40.88 42.21
LREE (La/Sm)y 5.57 4.41 6.24 5.27 6.52
HREE (Gd/Lu)y 4.47 3.28 4.32 3.90 2.88
(Ew/Eu*)y 0.45 0.52 0.44 0.53 0.77
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Table A.3.2: Rare earth element and some trace element data — LA-ICPMS analyses (continued).

(EwEu*)y = Euy x (Smyx Gdy)™”

Rock type Two-mica granitoid

Sample BP-1 BAN-6 BM-4 TA-9
Trace elements (ppm)

Sc 2.62 3.57 5.27 8.11 2.85
Cr 6.54 8.11 6.63 6.07 8.55
Ni 4.70 4.96 3.19 4.48 5.30
Nb 15.70 28.30 22.10 33.30 25.70
Mo 0.65 2.94 0.67 0.68 1.16
Hf 4.43 4.97 1.83 1.68 4.35
Ta 1.53 3.36 3.42 3.66 3.51
REE (ppm)

Sn 4.05 4.71 2.95 8.26 11.40
La 52.70 67.30 12.70 14.60 52.70
Ce 92.60 120.00 22.40 21.10 91.70
Pr 10.30 13.30 2.21 1.98 10.10
Nd 36.70 47.70 8.24 7.15 35.80
Sm 6.58 8.32 2.38 1.91 6.30
Eu 0.71 0.70 0.23 0.17 0.57
Gd 4.17 5.20 245 1.92 4.03
Tb 0.43 0.60 0.43 0.35 0.45
Dy 1.87 291 2.76 2.12 2.05
Ho 0.29 0.46 0.46 0.37 0.32
Er 0.71 1.19 1.26 1.04 0.77
Tm 0.10 0.18 0.19 0.15 0.10
Yb 0.64 1.16 1.29 1.06 0.72
Lu 0.09 0.16 0.18 0.16 0.10
>REE (ppm) 207.88 269.18 57.18 54.07 205.70
(La/Lu)y 58.82 43.93 7.32 9.59 53.63
LREE (La/Sm)y 5.00 5.05 3.33 4.77 5.22
HREE (Gd/Lu)y 5.54 4.04 1.68 1.50 4.88
(Ew/Eu*)y 0.41 0.32 0.29 0.27 0.35
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A.4 Whole-rock Rb—Sr and Sm—Nd isotope geochemistry

Table A.4.1: Whole-rock Rb—Sr isotope data

Sample Rb (ppm) Sr (ppm) SRb/*°Sr ¥7Sr/*Sr +20, V'Sr/*Sr (600Ma) Srosse €Sr (0)  €Sr (600 Ma)
Biotite granitoid

BL-8 168 221 2.2030 0.724573 +0.000014 0.705723 26 285 27
BG-1 160 244 1.8999 0.721906 +0.000012 0.705650 22 247 26
BLF-5 * 359 1425 0.7293 0.712818 +0.000013 0.707309 8 118 49
BLF-6G * 173 504 0.9938 0.715032 +0.000013 0.707524 11 149 52
BLF-1 * 173 297 1.6880 0.720932 +0.000013 0.708180 20 233 61
BLF-2 * 137 1191 0.3323 0.710045 +0.000012 0.707534 3 79 52
BLF-3 * 182 1491 0.3538 0.710197 +0.000013 0.707524 3 81 52
BLF-4 * 158 1395 0.3276 0.710017 +0.000013 0.707542 3 78 52
Mega feldspar granitoid

BM-1 211 428 1.4281 0.720083 +0.000014 0.707864 17 221 58
HO-1 179 196 2.6480 0.729843 +0.000013 0.707185 31 360 48
KE-1 204 169 3.5026 0.737504 +0.000014 0.707534 42 468 53
DML-1 194 142 3.9652 0.739780 +0.000014 0.705853 48 501 29
DML-2 204 156 3.7948 0.738152 +0.000014 0.705683 46 478 27
KO-12 200 222 2.6115 0.727273 +0.000011 0.704928 31 323 16
BN-1a 302 273 3.2088 0.733791 +0.000014 0.706336 38 416 36
BN-1b 266 296 2.6057 0.730174 +0.000014 0.707878 31 364 58
BN-2b 256 250 2.9699 0.732747 +0.000012 0.707335 35 401 50
TS-1 286 185 4.4899 0.746750 +0.000017 0.708333 54 600 65
TS-2 235 172 3.9665 0.742528 +0.000013 0.708589 48 540 68
Two-mica granitoid

BF-2 305 135 6.5726 0.764009 +0.000012 0.707771 80 845 57
BAN-6 353 113 9.1071 0.785585 +0.000012 0.707661 111 1151 55
BM-4 264 55 14.0607 0.835105 +0.000014 0.714796 171 1854 156
BM-5 334 48 20.5017 0.895309 +0.000017 0.719888 250 2708 229
TA-9 470 97 14.1943 0.835665 + 0.000024 0.714213 173 1862 148

(1) frose = C'St/%Sr)d/(*’Rb/*°Sr)ur — 1, where s = samples, (°' St/*°Sr)ur = 0.7045 and (*’'Rb/*Sr)ur = 0.0816 (Faure, 1986)
(2) Samples with asterisk (*) are from Nzolang (2005).



Appendix

AS57

Table A.4.2: Whole-rock Sm—Nd isotope data

Sample Sm (ppm) Nd (ppm) '"Sm/"**Nd '"Nd/"**Nd +26, "“Nd/'*Nd (600 Ma) fomna  ENd (0)  eNd (600 Ma) Ty (Ga)
Biotite granitoid

BL-8 10.50 52.72 0.120433 0.512347 +0.000011 0.511873 -0.39 -5.7 0.2 1.31
BG-1 11.09 53.03 0.126487 0.512357 +0.000014 0.511860 -0.36 -55 -0.1 1.39
BLF-5 * 12.23 71.32 0.103754  0.512016 +0.000013 0.511656 -0.47 —12.1 -59 1.57
BLF-6G * 13.81 80.10 0.104208 0.512065 +0.000021 0.511703 -0.47 -11.2 -4.9 1.51
BLF-1 * 8.21 42.20 0.117679  0.512280 +0.000012 0.511871 -0.40 -7.0 - 1.6 1.38
BLF-2 * 21.75 130.33 0.100898 0.511994 +0.000012 0.511644 -0.49 - 12.6 -6.1 1.56
BLF-3 * 22.40 126.72 0.106892 0.512034 +0.000010 0.511663 —0.46 -11.8 -5.7 1.59
BLF-4 * 22.58 134.22 0.101714  0.511986 +0.000010 0.511633 -0.48 -12.7 -6.3 1.58
Mega feldspar granitoid

BM-1 5.74 36.39 0.095387 0.511720 +0.000012 0.511345 -0.52 -17.9 -10.2 1.84
HO-1 7.14 42.05 0.102675 0.511889 +0.000014 0.511485 -0.48 - 14.6 -74 1.73
KE-1 6.60 38.68 0.103223 0.511898 +0.000011 0.511492 -0.48 - 144 -73 1.72
DML-1 9.10 59.21 0.092965 0.511925 +0.000011 0.511559 -0.53 -13.9 -6.0 1.54
DML-2 9.80 64.66 0.091609  0.511940 +0.000010 0.511580 -0.53 - 13.6 -5.6 1.51
KO-12 8.43 46.51 0.109600  0.511882 + 0.000009 0.511451 -0.44 - 14.8 -8.1 1.85
BN-1la 7.65 50.52 0.091548 0.511694 +0.000013 0.511334 -0.53 - 184 -10.4 1.81
BN-1b 6.88 39.27 0.105850  0.511690 +0.000014 0.511274 —0.46 - 18.5 —-11.6 2.06
BN-2b 5.02 34.62 0.087594  0.511652 +0.000012 0.511308 -0.55 -19.2 -10.9 1.81
TS-1 9.65 59.88 0.097389  0.511628 +0.000024 0.511245 -0.50 -19.7 —12.1 1.99
TS-2 3.91 22.54 0.104908 0.511674 +0.000012 0.511262 -0.47 —18.8 —-11.8 2.06
Two-mica gramitoid

BF-2 7.76 46.34 0.101277 0.511617 +0.000013 0.511219 —-0.49 -19.9 - 12.6 2.07
BAN-6 7.06 40.20 0.106886  0.511571 +0.000018 0.511151 —0.46 -20.8 -14.0 2.25
BM-4 2.03 6.83 0.179500  0.512033 +0.000013 0.511327 —-0.09 -11.8 - 10.5 4.93
BM-5 1.65 6.18 0.161891 0.511995 +0.000011 0.511358 -0.18 -12.5 -9.9 3.38
TA-9 5.79 32.78 0.106821 0.511603 +0.000012 0.511183 —0.46 —20.2 —13.3 2.20

(1) fsmna = C7Sm/™Nd)y/("'Sm/"™ Nd)cnur — 1, where s = sample, ("Nd/' **Nd)cpur = 0.512638 and (**'Sm/™*Nd)cnur = 0.1967 (Faure, 1986)
(2) Samples with asterisk (*) are from Nzolang, 2005.
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A.5 Microthermometric fluid inclusion data
Table A.5.1: Non-aqueous volatiles-rich mixed fluid inclusions.
N°  Size (long F Number TmCO, Tmcla Th CO, Th (otal CH, Salinity
axis: pm) of (°0O) (°O) (°C)/Mode (°C)/Mode (mole %) (equiv.
phases wt. %)
1 29 0.4 3 -56.9 9.8 175 —-L 174.0 -V - 0.41
2 25.2 0.1 3 -57 - 8.7—1L 197.0 -V 1.1 -
3 24.8 0.4 2 -56.9 - 8.0—-L 200.0 -V - -
4 43.5 0.3 2 -57 - 299 -V 186.0 - V - -
5 21.7 0.1 2 -56.9 - 7.7—-L 186.0 -V - -
6 42 0.1 2 -56.8 - 29.7 - L - - -
7 17.5 0.2 3 -56.8 5.8 193 —>L 2251 -V - 7.81
8 21 0.05 2 -57 - 146 -V 2551 >V - -
9 17.5 0.1 2 -56.7 148 >V 2247 >V - 7.97
10 35 0.3 3 -57.2 - - - - -
11 14.5 0.1 3 -58.1 - 20.6 - L - 7.5 -
12 13.2 0.05 3 -57.8 - 52—-L - - -
13 32.7 0.4 3 -57.6 5.7 187 —-L 259.6 -V 5 10.12
14 12.9 0.3 3 -56.9 5.3 222 —>1L 361.8 -V - 8.61
15 28.6 0 1 -57.5 5.4 10.8 »V - 10 -
16 24.3 0.2 3 -57.8 - 202 - L 239.6 -V 6.1 -
18 20.2 0.2 3 -57.5 5.1 16.1 -V 2937 >V 8.5 10.59
19 23.1 0.1 3 -57.4 5.6 21.0 - L 256.0 -V 4.1 9.92
20 28 0.1 3 -56.6 4.4 264 —> L 293.7 >V - 9.99
21 24.5 0.1 3 -57.7 5.5 6.9 >V 297.0 -V 13.5 -
22 11.5 0.3 3 -56.9 7.5 51-L - - -
23 11.5 0.05 3 -57.8 - 9.7 —-1L - 5.5
24 10.8 0.5 3 -56.6 - 142 - L - - -
25 23 0.1 3 -56.7 - 102 - L 210 -V - -
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Table A.5.2: Aqueous-rich mixed fluid inclusions.

N°  Size (long F Number Tm CO, Te Tmcla Th CO, Th CH, Salinity
axis: pm) of (°O) (°O) (°C)  (°C)/Mode (°C)/Mode (mole %)  (equiv.
phases wt. %)
1 29.0 0.70 2 -56.9 - - 260 - L - - -
2 14.5 0.85 2 -56.9 - - 6.6 > L - - -
3 13.8 0.80 2 -56.7  -39.1 7.0 232 —L 195 —-L - 5.77
4 14.0 0.85 2 -56.7 - - 37.8 - L - - -
5 13.5 0.80 2 -57.7 - - 20.2 > L 9.0 -
6 35.0 0.80 2 -56.7  -26.7 4.6 146 - L 2285 —>V - 9.64
7 31.5 0.60 3 -56.7 - 5.6 17.8 - L 246.0 >V - 8.13
8 14.5 0.60 3 -57.1 - 5.8 128 - L 2500 -V - 7.81
Table A.5.3: Pure aqueous fluid inclusions.
N°  Size (long F Number Te Tmice Tmcla Th CO, Th (a1 CH, Salinity
axis: pm) of (°C) (°O) (°C)  (°C)/Mode (°C)/Mode  (mole  (equiv.
phases %) wt. %)
1 23.8 0.90 2 -25.6 -7.6 - 13.8 - L - - -
2 35.0 0.95 2 -342 -1.2 - - 1520 —-L - 2.07
3 34.5 1.00 1 -32.1 -0.5 - - - - 0.88
4 17.5 1.00 2 -345 2.1 - - 150.0 - L - 3.55
5 24.5 1.00 2 -30.7 -5.4 - - 1450 - L - 8.41
6 24.5 1.00 2 -347 -3.7 - - 143.8 > L - 6.01
7 17.5 1.00 2 -31.1 -5.0 - - 1452 —-L - 7.86
8 14.0 1.00 2 -32.6 -4.4 - - 1450 - L - 7.02
9 17.5 1.00 2 -30.5 4.3 - - 1485 —>L - 6.88
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