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Abstract

The region Doua is located in the central area or Adamawa-Yade domain of the Pan-African fold belt in Cameroon. This work focuses on
the petrography and geochemistry of granitoids in this region. The study area is made up of plutonic rocks (amphibole and biotite granite,
biotite and muscovite granite, syeno-diorite, syenite. The geochemical study of the granitoids in the area shows that the rocks are magnesian
and slightly iron-bearing, potassic to hyper-potassic calc - alkaline, metaluminous and belongs to type | granitoids. The profiles of the rare
earths (REE) show a negative anomaly in Eu. The multi-element spectra show positive anomalies, or negative anomalies for some samples
in Ba and Negative anomalies in Nb-Ta, Sr and Ti. The process which led to the formation of these rocks is fractional crystallization. These
rocks are setup in a syn-collisional subduction environment (volcanic arc granitoids).
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1. Introduction

Cameroon, a state in Central Africa, is a country made up at two-thirds of the Pan-African formations of the Central African Mobile Zone
by [1], Pan-African fold belt of Central Africa, also called the North Equatorial Pan-African chain [2]. Pan-African fold belt of Central
Africa extends over Cameroon, Chad, the Central African Republic (CAR) and Nigeria [3], [4]. It extends to the northeast of Brazil in the
Borborema province [5 - 10]. The Pan-African fold belt of Central Africa can be divided into three domains: the northern Cameroon
domain, the southern domain and the central domain (Adamawa-Yade), [11], [12] (fig. 1).

The central domain is the least studied of the three, and geological work is currently concentrated around three regions: i) the region of
Bafia with the work of [13 - 15]; ii) the region of Tibati with; [16] ; [17] ; iii) the region of Meiganga with; [18], [19]. Apart these three
regions, we can cite [20] in Ngaoundéré and [21] in the Touboro-Baibokoum region.

The region of Doua which is the subject of this study belongs to the central domain (Adamawa-Yade) of the Pan-African fold belt of
Central Africa. Previous petrographic and geochemical studies are often very local and limited to certain sector, generally separated by
large areas unexplored or just little. These works are geological surveys essentially petrographic descriptions and very rare geochemical
informations. The absence of detailed geochemical data and absolute geochronological data on the study area does not permit good corre-
lations to be established with other works carried out in the Adamoua-Yade domain. Based on the latter, we have chosen to carry out the
work in the region of Doua, a little explored area, in order to contribute to the knowledge of granitoids of the central domain (Adamawa-
Yade) of the Pan-African fold belt in Cameroon in particular and looking for an evolution model of the Pan-African fold belt in Central
Africa as a whole.
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Fig. 1: Geological Sketch of the Pan-African Fold Belt North of the Congo Craton Showing the Study Area (Modified After [22]). WCD: West Cameroon
Domain; AYD: Adamawa-Yade Domain; YD: Yaounde Domain.

2. Geological setting

In Cameroon, the pan-African belt is interpreted as a collisional belt by, [2]. Geological studies based on the structural analysis of the
different deformation phases show that it was formed following a collision between the cratons of Congo-S&o Francisco, the West African
craton and the Latéa and Saharan metacratons [23]. The Pan-African fold belt of Central Africa (CPAC) also called the North Equatorial
pleated chain [2] is subdivided in Cameroon into three areas: southern domain, central domain and north domain; [17] (fig. 2).

The central domain to which the study area belongs is limited to the north by the Tcholiré-Banyo fault and to the south by the Sanaga fault
over which overlaps the Yaoundé domain. The central domain continues in southern Chad and the Central African Republic to the Yade
massif, thus the name "Adamawa -Yade" domain. This domain is a Paleoproterozoic basement established during the Pan-African orogeny
([9]; [22]) with the formation of sedimentary basins of the Lom series [24]. In central Cameroon, the Adamawa-Yade domain is character-
ized by an abundance of plutonic rocks, placed in Paleoproterozoic para- and orthoderivative gneisses, and acidic volcaniclastic rocks of
the Lom series [25]. An age of 500-600 Ma was found for granitoids from the Adamawa-Yade domain [25], [26]. These are syn- to post-
tectonic granitoids ([20]; [27]) which, in the Meiganga and Tibati regions are associated with transcurrent fault zones ([16], [28]). They
show similarities with plutons associated with shear zones in Borborema province in NE Brazil. The authors [29] highlight the geochemical
and 207Pb / 206Pb age imprints of Archean imprints in the pyroxene and amphibole gneisses of Meiganga.

In this central domain, the granitoids are syn- to post-tectonic and of Pan-African age. These rocks are intrusive in the Paleoproterozoic
basement and covered by Cretaceous sedimentary formations (Mbéré and Djérem basin) and Cenozoic volcanic formations [30]. They
form a wide variety of rocks (amphibole and biotite granite, biotite and muscovite granite, biotite granite, gabbros, diorite, syeno-diorite
and syenite). The granitoids in this domain are classified into syn-tectonic (630-610Ma), late tectonic (600-580Ma) and post-tectonic (550
Ma) granitoids ([13], [31]). In general, these granitoids are calc-alkaline and highly potassic to shoshonitic, metaluminous to slightly
peraluminous, belonging to type | granitoids ([13], [16], [25], [32], [33]) and locally of type S ([31]; [32]). Isotopic data indicate that these
granitoids are of crustal (Paleoproterozoic crust) or mixed origin, resulting from a mixture of juvenile mantelic source and Paleoproterozoic
to Archean crust ([13], [25], and [33]).

3. Methodology

3.1. Petrography

The petrographic study began at the field scale and sample scale which allowed a macroscopic identification of the facies of the granitoids
and the constituent minerals of each rock type. Thin sections of the rock samples were made at the Institute of Geology at the University
of Tlbingen in Germany, the University of Vienna in Austria and the Institute for Geological and Mining Research (IRGM) in Yaoundé,
Cameroon.

3.2. Geochemistry

The major, trace and rare earth elements content of selected samples was determined by the ICP-AES (Inductively Coupled Plasma -
Atomic Emission Spectroscopy) quantification technique at ACME Analytical Laboratories (Vancouver, Canada). It was carried out by
the alkaline fusion method of 200 mg of each sample mixed with 900 mg of lithium metaborate (LiBO2). The mixture is then dissolved in

a solution of nitric acid (HNO3). The major elements, expressed as oxides, were determined by emission spectrometry while the trace
elements by mass spectrometry.

4. Results

4.1. Petrographic

The Doua granitoids consist of granite (amphibole and biotite granite, biotite and muscovite granite), syeno-diorite and syenite, which are
crocut by the pegmatite and quartzite veins. The explored outcrops are shown in figure 3.
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Fig. 2: Geological Map of Cameroon [13] Showing the Major Lithological Groups. AF, Adamawa Fault; KCF, Kribi — Campo Fault; SF, Sanaga Fault;
TBF, Tcholliré — Banyo Fault. the Large Domains are [17] And [34]. the Study Area Is Represented by the Black Rectangle SW of Meiganga. Inset:
Cameroon's Position in Africa.
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Fig. 3: Outcrop Map of the Doua Region. 1- Olivine Basalt; 2- Sandstone; 3- Amphibole and Biotite Granite; 4- Biotite And Muscovite Granite; 5- Syeno-
Diorite; 6- Syenite; 7- Orthogneiss; 8- Amphibole Gneiss; 9- Amphibole and Biotite Gneiss; 10- Biotite Gneiss; 11- Banded Amphibolite; 12- Hydrographic
Network; 13- Villages; 14- Spot Height; 15- Main Road; 16- Secondary Road, 17- Track.

4.1.1. Granite

The classification of the different granites was made on the basis of essential minerals. It made it possible to distinguish: amphibole and
biotite granite and biotite and muscovite granites.

4.1.1.1. Amphibole and biotite granites

The amphibole and biotite granite crops out as slabs and blocks in the river bed and banks of the Mbappa stream to the north of Doua. The
amphibole-biotite granite sometimes contains amphibolite enclaves (Fig. 4a). The amphibole biotite granite has a coarse grain texture (fig.
4b) and consists of amphibole, biotite, quartz, plagioclase, orthoclase, microcline, chlorite, sphene, zircon, apatite, and opaque minerals.
Amphibole contains inclusions of quartz, biotite, zircon and opaque minerals (Fig. 4c).
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4.1.1.2. Biotite and muscovite granite or two-mica granite

The biotite and muscovite granite forms two hills (Deugbelia and Baggo) which is over the savannah north of Doua village. On this Bagge
hill, there is a cracked block at the top of the hill (fig. 4d). The rock has a granular porphyritic texture. The phenocrysts are formed of
feldspar (4 to 6 mm) in a grainy matrix (fig. 4e) made up in addition to biotite, muscovite, quartz, plagioclase, orthose, microcline, chlorite.
Accesory minerals include zircon and opaque minerals. Muscovite forms flakes of almost identical size to biotite flakes. Muscovite is
associated with quartz, feldspar and sometimes biotite (Fig. 4f). K-feldspar is made up of orthoclase and microcline.

4.1.2. Syeno-diorite (monzonite)

Syeno-diorite crops out as slabs (fig. 4g) on a hill west of Doua village. Syeno-diorite (monzonite) has a granular texture (fig. 4h) and
consists of amphibole, biotite, quartz, plagioclase, orthose, microcline, chlorite, zircon, apatite, and opaque minerals. Plagioclase forms
crystals of 0.5 to 1 mm long averagely, sub-automorphic in shape and exibits double twinning (Carslbad and polysynthetics) (fig. 4h).
Plagioclase is associated with biotite and quartz in the rock.

4.1.3. Syenite

The syenite forms elongated ENE-WSW hills north of Doua village. The rock has a gray color with a dark gray patina. The rock crops out
in the form of a slab at the top of the hills. The rock shows a grainular texture. It is made up of amphibole, biotite, plagioclase, orthosis,
apatite, zircon and opaque minerals. Amphibole is a green hornblende varying in size from 1 to 3 mm, automorphic to sub-automorphic.
The basal section of the amphibole has a hexagonal shape (Fig. 4i). Amphibole contains inclusions of apatite, feldspar, zircon, and opaque
minerals.

i

Fig. 4: A- Amphibole and Biotite Granite Sample Showing an Amphibolite Enclave; B- Coarse Texture of Amphibole and Biotite Granite in LPA; C-
Amphibole with Inclusion of Apatite, Zircon and Opaque in PL; D- Cracked Block of Biotite and Muscovite Granite Located on the Top of the Baggo
Outcrop; E- Porphyritic Granite Texture of Biotite and Muscovite Granite in PL; F- Muscovite Flakes Associated with Biotite Flakes and Opaque Minerals
(LPA); G- Syeno-Diorite Slab Outcrop; H- Sub-Automorphic Plagioclase Crystal with Double Twins (LPA) in Syeno-Diorite; I- Basal Section of Amphibole
with Inclusion of Apatite, Feldspars and Opaque Minerals in LPNA in the Syenite.

4.2. Geochemical study
4.2.1. Classification and nomenclature

Classification diagram of [35], adapted to plutonic rocks by [36], was used to discriminate the studied rock samples (fig. 5). The rocks of
the region form a sequence ranging from syeno-diorite to granite, passing through granodiorite and syenite. The samples of syeno-diorite
and syenite fall in the domain of alkaline rocks, while the samples of granite fall in the field of sub-alkaline rocks.
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4.2.2. Geochemical characterization

The plutonic rocks of the Doua region are characterized by a variation in weight of the oxides: 52.21 - 73.34% of SiO2; 13.37 - 17.77%
Al203; 2.56 - 5.98% K20; 0.14 - 09.16% Fe203; 3.34 - 4.78% Na20; 0.95 - 5.87% Ca0; 0.22 - 5.00% MgO; 0.20 - 1.74% TiO2 and 0.13
- 1.74% P205. The sum of the alkalis (Na20 + K20) varies between 7.21 and 9.90% and the K20 / Na20 ratio varies between 0.56 and
1.85. Overall, the plutonic rocks are characterized by medium to high Ba (1087 - 3098 ppm), low to medium Sr (102.4 - 1707 ppm) and
low Rb (74.8 — 297.5 ppm) contents.

In the K20 vs SiO2 diagram of [37] (fig. 6a), the plutonic rocks analyzed falls within the potassic calc-alkaline and hyperpotassic granitoids
field. Two (02) samples of syenite in the shoshonitic series, close to the limit with the hyperpotassic calc-alkaline series.

The A/ NK versus A / CNK diagram of [39] (fig. 6b) indicates an Al20s / (Na20 + K20) or A / NK molar ratio which varies between 1.03
and 2.06 and an Al203 / molar ratio. (CaO + Na20 + K20) or A / CNK less than 1.1 (0.68 to 1.07). This diagram shows that the Doua
granitoids are mostly metaluminous in nature with the exception of three samples (03) amphibole and biotite granites which fall in the
peraluminous domain. All samples belong to the domains of type | granitoids.
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Fig. 5: Classification of Plutonic Rocks of Doua Region on the Diagram of [35], Adapted to Plutonic Rocks by [36]. the Bold Line Limits the Fields of
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4.2.3. Geochemical evolution
The geochemical evolution is based on major, trace and rare earths elements.

4.2.3.1. Major and trace elements

In Harkers diagram [39] (fig. 7), the representative points of the plutonic rocks of Doua region show a decrease in Fe20s, Al203, MgO,
CaO, TiO2 and P20s with the increase of SiO2 content. Na2O and K20 vary little and show no correlation with SiO2. Harker's diagrams of
some trace elements as a function of silica (fig. 8) show a dispersion of representative plots of rock samples from the study area for Ba,
Rb, Sr, Zr, Nb, Ta and Y with increasing silica. The V - SiO2 diagram shows a linear regression with increasing SiO2 content.
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Fig. 7: Harker's Diagram of the Granitoids of Doua Region, Showing the Variation of Oxides as A Function of Sio2. 1. Amphibole and Biotite Granite; 2.
Biotite and Muscovite Granite; 3. Syeno-Diorite; 4. Syenite.
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4.2.3.2. Rare earths (REE)

The rare earth spectra normalized to chondrites according to the values of [40] of the Doua granitoids (fig. 9) are characterized by their
high content of light rare earths elements (LREE) compared to heavy rare earths (HREE). Rare earth spectra of amphibole and biotite
granites (Fig. 9a) show strong fractionation [(La / Yb) N = 08.09 - 49.96] and almost flat profile segments of heavy rare earth elements
(HREE) [(Gd / Lu) N = 1.61 - 3.68]. The samples PA1, PA2 and GR show profiles with negative anomaly in Eu (Eu / Eu * = 0.64; 1.38
and 0.55) meanwhile the samples LAO1, LAO3 and NAK show no anomaly in Eu (Eu / Eu * = 1.05; 0.88 and 0.82).

The spectra of the biotite and muscovite granites (fig. 9b), show high fractionation [(La / Yb) N = 21.76 - 49.90] and spectra segments
almost flat for heavy rare earths elements [(Gd / Lu) N =2.89 - 4.02]. There is a negative Eu anomaly (Eu / Eu * = 0.72 - 0.91) for samples
BAGL1 and BAG3 and no Eu anomaly for sample BAG2.

The syeno-diorite and syenite samples show rare earth elements spectra (fig. 9c and 9d) with strong fractionation [(La/ Yb) N = 19.16 -
32.11]. The segments of the heavy rare earth element spectra are almost flat [(Gd / Lu) N = 2.94 - 4.64]. These spectra show no anomaly
in Eu.

The multielement spectra of Doua granitoids normalized to the primitive mantle (fig. 10) show their richness in LILE (Large lon Lithophile
Element) compared to HFSE (High Field Strengt Element). Samples of the amphibole and biotite granite (fig. 10a) show spectra with a
negative anomaly in Ta-Nb and Ti. The sample profiles show a positive Ba anomaly with the exception of the GR sample. The GR sample
shows a negative anomaly in Ba and Sr, while the NAK sample shows a positive anomaly in Sr. For the biotite and muscovite granite, the
multi-element spectra of figure 10b show a negative anomaly in Ta-Nb, Ti and a positive anomaly in Ba. Sample BAG2 shows a positive
anomaly in Sr. The multi-element spectra of Syeno-diorite (fig. 10c), show profiles with a positive anomaly in Ba and Sr and negative in
Ta-Nb and Ti. The multi-element spectra of the syenite (fig. 10d) show profiles with a positive anomaly in Ba and negative in Ta-Nb and
Ti.
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Fig. 9: Rare Earth Element Spectra of Plutonic Rocks from the Doua Region Normalized to Chondrites [40].
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4.2.4. Magmatic tendency and geodynamic context
4.2.4.1. Magmatic tendency

In the FeO'/ MgO versus SiO2 diagram of [41] (Fig. 11a), the rock sample rocks fall into two domains: tholeiitic and calc-alkaline. One
sample of biotite amphibole granite and two samples of monzonite falls in the tholeiitic domain. The remaining samples (02) amphibole
and biotite granites, two (02) biotite and muscovite granites, one (01) syeno-diorite and the two (02) syenites are found in the calc-alkaline
domain. This disposition is confirmed in the triangular diagram FeOt / Na20 + K20 / MgO of [42] (fig. 11b).

In the diagram FeO / (MgO + FeO) as a function of SiO2 of [43] (fig. 12), studied samples rocks are mainly magnesian with the exception
of two (02) amphibole granite samples which fall in the iron field.
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and Biotite Granite; 2. Biotite and Muscovite Granite; 3. Syeno-Diorite; 4. Syenite.

1,0
e Ferrifere
[T}
=} T o o
£ 7 % . .
p
205 " *
= 7
b L)
e Magnésien
2

‘l.- 2o 3X -1.+'

0’0 I I I 1 I

50 55 60 65 70 75
SiO;

Fig. 12: Position of the Doua Granitoids in the Feo / (Mgo + Feo) Diagram as A Function of Sio2 from [43], Showing the Iron and Magnesium Domain. 1.

Amphibole and Biotite Granite; 2. Biotite and Muscovite Granite; 3. Syeno-Diorite; 4. Syenite.

4.2.4.2. Geodynamic context

Several works have been carried out with the aim of establishing a direct link between the chemical composition of plutonic rocks and the
geodynamic context of their setting in place. This made several authors to use the composition of rock in major elements and traces
elements. In the Nb versus Y diagram of [44] (fig. 13a), the rock samples are mostly in the VAG + Syn-COLG field with the exception of
two (02) samples of amphibole and biotite granites, two (02) samples of amphibolites which fall inbetween the domain of intraplate gran-
itoids and ocean ridge granitoids and as well as two (02) samples of syenites which fall at the limit of intraplate granitoids and the overlap
field. On the other hand, all the samples are in the domain of volcanic arc granitoids (VAG) in the diagram of [45] (fig. 13b).
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Fig. 13: A- Position of the Granitoids of Doua Region in the Tectono-Discriminant Diagram of Y As a Function of Nb (in Ppm) Of [44]; B- Discrimination
Diagram of the Geotectonic Setting After [45], Showing the Position of the Doua Granitoids. (VAG + Syn-COLG: Volcanic to Syn-Collisional Arc Gran-
itoids; VAG: Volcanic Arc Granitoids; WPG: within Plate Granitoids; ORG: Oceanic Ridge Granitoids). 1. Amphibole and Biotite Granite; 2. Biotite and
Muscovite Granite; 3. Syeno-Diorite; 4. Syenite.

5. Discussion

Doua granitoids have a grainular texture, to porphyritic texture and have the following order of crystallization of minerals: zircon - apatite
- sphene - amphibole - plagioclase - biotite - microcline - orthoclase - muscovite - quartz. Granitoids of the same or similar composition
are described in several areas of the Adamawa-Yade domain. We can mention the regions of Banyo [17], Ngaoundéré [31], Bafoussam
[32]). The pyroxene, amphibole and biotite granite described at Mbaibokoum [21] is absent in our study area. This pyroxene, amphibole
and biotite granite could be the equivalent of the amphibole and biotite granite of Doua.
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The nomenclature of the rocks of Doua classifies the samples in the fields of granitoids made up of granite, syeno-diorite, syenite, diorite
and granodiorite (see fig. 5). These rocks are potassic calc-alkaline to hyperpotassic, magnesian to slightly iron-bearing (cf. fig. 6a), metalu-
minous and belonging to type I granitoids (cf. fig. 6b). Rocks with the same characteristics have been described in several sectors of the
Adamawa-Yade domain of the Pan-African fold belt of Central Africa [21]; [32].

The distribution of the major elements in the Harker diagram with a negative linear correlation between SiO2 and the oxides Al1203, MgO,
Fe203, CaO, MnO, TiO2 and P205, reflects the involvement of fractional crystallization ([46]; [47]). The decreases in Fe203, MgO and
MnO reflect the fractional crystallization of the first ferromagnesian silicate minerals and that of titanium oxides [48]. As for the decrease
in CaO and Al203, it is related to the crystallization of plagioclase [49]. The approximately linear distribution of the elements also reflects
the involvement of fractional crystallization or mixing processes between mafic and felsic magmas ([46]; [50]).

Light rare earth elements (LREE) enrichment (cf. fig. 9) indicates fractionation of accessory minerals such as apatite, while a depletion in
heavy rare earth elements (HREE) is attributed to zircon fractionation [51]. The negative Eu anomaly observed for most of the rocks studied
reflects the fractionation of plagioclase during the evolution of the parent magma [52]. The absence of negative Eu anomaly in syeno-diorite
and syenite (cf. fig. 9c and 9d) despite the presence of plagioclase in these rocks can be explained by the fact that Eu may have not been
incorporated into the plagioclase and may reflect strong oxidative conditions with all Eu is in the form of Eu3* or limited fractionation of
plagioclase in the source [53]. This observation was also made for the granites of Mbip by [54]. The abundance of ferromagnesian minerals
such as amphibole in the rocks suggests on one hand that the fusion that took place has a magmatic source of mantle origin [55]. The global
parallelism of the profiles of rare earths elements indicates that these rocks are cogenetic ([56]; [57]). The high negative anomalies in Nb-
Ta on the profil of these rocks are classically interpreted as corresponding to the characteristics of rocks originating from the continental
crust ([58]; [59]). The negative Ti anomaly would indicate crystallization ferro-titanium minerals. The opaque minerals observed in these
rocks would then be ferro-titanium. The positive Sr anomaly in some spectra may be related to the high proportion of plagioclase in these
rocks [52]. Note that with few exceptions, all the rocks studied show a negative anomaly in Ta-Nb, Sr and Ti, and sometimes a positive
anomaly in Ba. These are the characteristics of rocks of crustal origin. It is not excluded that the biotite and muscovite granite of Doua, is
an S type granitoid. Its position in the field of | type granitoids, would only be the reflection of contamination by mantellic material.
Granitoids recognized as S type and exhibiting the same characters have been described in the region of Bafoussam [32].

Synthetic multielement spectra of Doua granitoids normalized to the primitive mantle of [40] were carried out. The comparison between
the granitoids of the study area and those of Ngaoundéré [31], Bafoussam [32] and Mbip [54] is highlighted on figure 14. On this diagram,
the profiles of the granitoids of Doua present a parallelism with the fields which delimit the granitoids of Ngaoundéré, Bafoussam and
Mbip, which allows us to conclude that the granitoids of our study area integrate the field of granitoids from the Adamawa-Yade domain
in Cameroon.

The potassic calc-alkaline to highly potassic and tholeiitic character of the studied rocks and the negative anomaly in Ta-Nb and Ti are
compatible with a geodynamic environment of continental collision leading to subduction [60]. In general, strongly potassic calc-alkaline
granitoids suggests a tectonic environment of continent-continent collision or volcanic arc ([51]; [61]; [62]). The geochemical characteris-
tics of the studied granitoids are also comparable to those of many pan-African syn- to late-tectonic granitoids studied in the central domain
of the Pan-African fold belt chain in Cameroon ([31]; [32]; [15]; [63]; [21]; [54]). The emplacement of these granitoids in this domain is
linked to a collision in relation to the northern margin of the Adamawa-Yade domain and the northern domain ([31]; [64]).
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Fig. 14: Multi-Element Spectra of Granitoids from the Doua Region Normalized to the Values of [40].

6. Conclusion

Doua granitoids consist of amphibole and biotite granite; biotite and muscovite granite; syeno-diorite and syenite. These rocks have a
granular to porphyritic texture. Primary minerals are made up of Amp + Bt + Pl + Ort + Mic + Qz + Ap + Sph + Zr and secondary minerals
are made up of Ep + Chl + Ser + Op. The geochemistry of these granitoids show that these rocks form a sequence ranging from syeno-
diorite to granite and syenite. These slightly iron-bearing magnesian rocks, potassic calc-alkaline to highly potassic, metaluminous and
belong to I type granitoids, which underwent the process of fractional crystallization in their setting in place. Doua granitoids have at
various intensities a negative anomaly in Eu. They are rocks of crustal origin with addition of mantellic material, or mantle source rocks
with addition of crustal material (negative anomaly in Ta-Nb, Sr and Ti). They are set up in a subduction to syn-collisional environment
(volcanic arc granitoids).
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