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Abstract 
Several studies have been conducted to investigate the composition of micas (especially biotite) with 
the magmatic suites of the host rock (especially granitoid), thus to understand the tectonic environment 
of the host rock. This study deals with the issue of what compositional trends or elemental correlations 
exist in igneous micas when a large dataset with a given tectonic environment is used. In this regard, 
variations in the chemical composition of biotite, phlogopite, and muscovite from intra-plate, rift, and 
arc environments were investigated, regardless of the composition of their host rock. Enrichment of Fe 
or Mg in micas, such as Mg-rich biotite or Fe-rich phlogopite, can make us wrong in determining 
whether a mineral is primary or secondary based solely on chemical composition. The negative and 
good correlation between FeO and MgO caused biotites and phlogopites of all three tectonic 
environments to follow the trend of the calc-alkaline orogenic suites of Abdel-Rahman's classification. 
Considering the excellent and negative correlation between Al and Mg in muscovite, the substitution of 
2Mg2+ = 3Al3+ is significant in this mineral. The data distribution shows that biotites and phlogopites 
belonging to rift and convergent environments can be divided into Al-rich and Al-poor groups or Mg-
rich and Mg-poor groups. 
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Introduction 
 
Micas, especially biotite, and phlogopite, are common ferromagnesian minerals in many volcanic, 
plutonic, and metamorphic rocks from different tectonic environments. They, as a whole, show 
considerable variation in chemical and physical properties (Deer et al., 2013), but all are 
characterized by the general formula of I2M4-6T8O20 (OH, F)4, where I is mainly K, Na or Ca but 
also Ba, Rb, Cs; M is mainly Al, Mg or Fe but also Mn, Cr, Ti, Li; and T is mainly Si or Al and 
possibly also Fe3+ and Ti (Rieder et al., 1998). The chemical composition of magmatic micas is 
sensitive to chemical and physical factors associated with the crystallization of the magma and 
can provide petrogenetic information (e.g., Heinrich, 1946; Foster, 1960; Wones & Eugster, 
1965; Nachit et al., 1985; Munoz, 1992). The chemical composition of biotites is typically used 
to appraise the conditions in which their magmatic host rock were generated (Nachit et al., 2005; 
Samadi et al., 2021): oxygen fugacity (ƒO2) in the parent magmas, liquidus temperature (T), to 
classify the granitoid (I- and S-type) as well as to date the thermal events registered by these 
rocks. Biotites cover a range of compositions from Mg-rich (phlogopite) to Fe-rich (annite, 
siderophyllite). The XFeO∗ = FeO*/(FeO* + MgO) of biotites depends on that of the host rock; it 
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varies from XFeO∗ ≈ 1 in felsic rocks to XFeO∗ ≈ 0 in basic ones (Abrecht & Hewitt, 1988). Biotite 
has received much attention as a valuable indicator of relative fugacities of HF and HCl in 
hydrothermal fluids, since the distribution of F and Cl between granitic magmas and magmatic-
hydrothermal fluids strongly affects metal ratio, the order of crystallization, the timing of vapour 
saturation, and mass transport in the magmatic-hydrothermal fluids and hydrothermal ore 
deposition (e.g., Munoz, 1984; Van Middelaar & Keith, 1990; Boomeri et al., 2006). Considering 
that biotite is abundant in the porphyry copper deposits (PCDs), extensive studies have been 
conducted on the determination of halogen contents in it with the aim of to identify mineralized 
and barren plutons (Ayati et al., 2008; Boomeri et al., 2009; Afshooni et al., 2013; Zhang et al., 
2016; Moshefi et al., 2020; Feng et al., 2021). Biotites with high Mg/Fe ratios tend to incorporate 
more F, while low Mg/Fe ones contain more Cl, as noted by Munoz (1984). This correlation is 
caused by the crystal-chemical effect known as ‘F-Fe avoidance” and “Mg-Cl avoidance” 
(Munoz, 1984). The solubility of Ti in Mg-biotite strictly depends on temperature and pressure. 
Empirical geo-thermometer dealing with Ti solubility in the Fe-Mg biotites has frequently been 
used to determine magmatic-hydrothermal temperatures in PCDs. 
    The major elements of biotite have been widely used for identifying the tectonic setting of 
igneous rocks (e.g., Abdel-Rahman, 1994). The study of the composition of biotite from various 
igneous rock types showed that biotites in alkaline anorogenic suites are mainly Fe-rich, biotites 
in peraluminous (including S-type) suites are siderophyllitic in composition, and those in calc-
alkaline, mainly subduction-related orogenic suites are enriched in Mg (Abdel-Rahman, 1994). 
The most fractionated members of calc-alkaline magmas might become slightly to moderately 
peraluminous (Stussi & Cuney, 1996). However, it is well-established that the origin of most 
peraluminous granites is known to be different from that of calc-alkaline magmas. The Al vs. 
Mg diagram is used to relate the mica composition in granitoid to the nature of their parental 
magmas. In this regard, the parental magmas are classified into peraluminous, calc-alkaline, 
subalkaline, or alkaline/peralkaline (Nachit et al., 1985). Abdel-Rahman (1994) proposed MgO 
vs. Al2O3 and FeO vs. Al2O3 bivariate plots to discriminate between biotite from alkaline 
(anorogenic), calc-alkaline (orogenic), and peraluminous granitoid. Using a machine learning 
approach, Saha et al. (2021) showed that the rift settings biotite can be discriminated by low 
Mn, Mg, and high Ba, Ca. Oxygen fugacity is low in rift setting compared to the other tectonic 
settings (Cottrell et al., 2020), and the magmas tend to be reduced with high Fe/Mg. Such 
magmas evolve by early fractional crystallization of olivine and/or clinopyroxene leaving the 
residual magmas depleted in MnO (Foley et al., 2013; Mullen, 1983), which is probably the 
cause of the low Mn content in biotite from this setting (Barbarin, 1990). Meanwhile, higher 
concentrations of Mn, Na, and Ti and lower concentrations of Al, and Ba have the most 
substantial effect on the discrimination biotite in oceanic intra-plate rocks (Saha et al., 2021). 
Ocean island magmas tend to have lower Si and high Ti concentrations amongst all the tectonic 
settings. A deep melting source for the magmas is consistent with the high Ti and low Al of the 
biotites as Ti concentration of the melt increases while that of Al decreases with increasing 
pressure (Ueki & Iwamori, 2014). Low values of Na, Al, Cr, Ca, and Cl and high values of Mg, 
K are critical indicators of biotite from continental intra-plate tectonic settings. Continental 
intra-plate magmas are enriched in incompatible elements like K, Ba (Kovalenko et al., 2007) 
which might allow the incorporation of K, Ba into biotite during crystallization. Due to the 
presence of a thick continental lithosphere, ascending magmas may interact with mantle 
peridotite consuming olivine and crystallizing pyroxene and/or garnet. This melt-rock 
interaction can produce Mg-rich, Al-poor magma with high K2O/Na2O (Liu et al., 2017), which 
may explain the high Mg, K, and lower Na, Al of biotite that crystallizes from continental intra-
plate magmas. Continental crust assimilation can also play an important role in enhancing the 
K2O/Na2O ratio of the magmas in such settings (Saha et al., 2021). In contrast, high Na, Ba, Al, 
F, and Cl, and low K and Mn apply significant control in discriminating biotite from continental 
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arc rocks. Such a chemical characteristic of continental arc biotite may reflect the contribution 
of slab components in the form of slab-derived melt and slab-derived fluid (Schmidt & Jagoutz, 
2017; Huang et al., 2019). Nevertheless, some studies have questioned the utility of biotite 
chemistry in discriminating the tectono-magmatic setting of its host rocks (Shabani et al., 2003). 
Applying mica composition as a tracer of geological conditions requires a perfect description 
of the host rock features. For example, biotite is the most critical reservoir of any excess 
aluminium in granites that do not have essential amounts of garnet, cordierite, or the Al2SiO5 
polymorphs; therefore, it directly reflects the peraluminosity of the host magma in such rocks 
(Shabani et al., 2003). Furthermore, it is critical to be sure that the biotite grains analyzed are 
of primary magmatic origin because the possible alteration by late- or post-magmatic fluids 
may modify the original composition inherited from mineral-melt equilibrium (Stussi & Cuney, 
1996). In this regard, re-equilibrated and neo-formed biotite grains, resulting from low-
temperature hydrothermal alteration, have less Ti than those of primary magmatic biotites 
(Patiño Douce, 1993; Stussi & Cuney, 1996; Nachit et al., 2005).  
    Among the questions about the use of micas for tectono-magmatic interpretations of the host 
rock, the following can be mentioned: In general, is there a link between the composition of 
biotite and the tectonic environment regardless of its host rock? Is the chemical composition of 
phlogopite, Mg-rich species of biotite, able to show the tectonic environment of its host rock or 
not? When relatively large mineral chemistry data are available, based on the major elements 
of micas, what are the dominant elemental trends and correlations in different tectonic 
environments? The present study answers the mentioned questions. To achieve this purpose, 
the mica dataset was adapted from the GEOROC database (http://georoc.mpch-
mainz.gwdg.de/georoc). In this study, the major oxides of biotite, phlogopite and muscovite 
minerals from host rocks with a given tectonic environment, including arc, intra-plate or rift-
related, were plotted in the conventional binary and ternary diagrams. 
 
Materials and Methods 
 
In this work, first of all, the dataset of electron probe micro-analyzer (more than 44000 
analyses) of different mica minerals (including annite, biotite, celadonite, glauconite, hydro-
mica, hydro-muscovite, lepidolite, margarite, muscovite, paragonite, phengite, phengite-
muscovite, phlogopite, siderophyllite, yangzhumingite, and zinnwaldite) taken from the 
GEOROC, was examined. Since the three micas, biotite, phlogopite, and muscovite, are 
ubiquitous in igneous rocks, they were selected for the study. Among these data, ~34000 
analyses of the minerals "biotite" (n=16365), "phlogopite" (n=12311), "muscovite" (n=1173), 
and "Mica" (n=3880) were selected because of having a complete series of their major element 
oxides. It should be noted that "Mica" group includes a combination of different types of mica 
minerals. Compositionally, the host rocks vary mainly from intrusive to volcanic types, 
covering a wide compositional range from ultramafic/mafic to felsic. Tectonically, the host 
rocks mainly belong to three critical tectonic settings, including intra-plate (n=22238), arc 
(n=5019), and rift-related (n=3660). The complete dataset, including citations, geographic 
locations, host rock types, tectonic settings, and mica type, is presented in the supplementary 
Table. Mineral formula calculations were done based on 22 atoms of oxygen and the 
presentation of the data used the GCDkit 6.1 program (Janousek et al., 2006).  
  
Discussion 
 
In the common micas, muscovite, phlogopite, and biotite, there appears to be no ordering of the 
different cation species, (Fe, Mg) in octahedral and (Si, Al) in tetrahedral sites, but in some 
other micas, distinct site preferences do occur (Deer et al., 2013). This feature can be seen in 
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the classification diagram of the International Mineralogical Association (IMA), where most of 
the biotite and phlogopite data plot close to the siderophyllite-eastonite boundary (Rieder et al., 
1998) with a variable Mg/(Fe + Mg) ratio (Figure 1).  
 

 
Figure 1. (a) Chemical composition of the whole dataset on the Mg/(Fe+Mg) versus Altot classification 
diagram of Rieder et al. (1998); biotite with Mg/(Fe+Mg)< 0.7 and phlogopite with Mg/(Fe+Mg)> 0.7 
are distinguished; the dashed ellipse shows the approximate composition range of muscovite; (b) the 
plot of the biotite data; (c) the plot of the phlogopite data 
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    In Figure 1a, the muscovite data are characterized by high amounts of Altot (4-6 atoms per 
formula unit, apfu), although they have variable Mg/(Fe + Mg) ratio like the biotite-phlogopite 
series (Figure 1b). This diagram also shows that when the Mg/(Fe+Mg)> 0.7, the variation of 
Altot in phlogopite is widespread (Figure 1c). 
     The ternary diagram TiO2-(FeOt + MnO)-MgO, proposed by Nachit et al. (2005), is a 
quantitative objective tool for distinguishing primary magmatic biotites from more or less re-
equilibrated and neo-formed biotites. The limit of the domains of the primary magmatic biotites, 
the re-equilibrated biotites, and the neo-formed biotites were determined based on optical, 
paragenetic, and chemical criteria. Nevertheless, here we merely used this diagram to examine 
the variations in the chemical composition of micas from definite tectonic environments. In 
addition, we have used the conventional binary (Mg-Altot, MgO-FeOt, MgO-Al2O3, FeOt-
Al2O3) and ternary (FeOt-MgO-Al2O3) diagrams to investigate the major element changes of 
micas. Below, the biotite, phlogopite, Mica, and muscovite compositions from the given 
environments of convergent, intra-plate, and rift are plotted on the mentioned diagrams, and the 
similarities and differences of the trends are examined regardless of host rock type. 
    Most of the biotites from the host rocks with convergent setting plot in or around the primary 
biotite domain (Figure 2a) but phlogopite compositions do not follow this trend and they are 
plotted alongside MgO-TiO2 (Figure 2b). Regarding the data that are not known to be 
“phlogopite”, “biotite” or “muscovite”, i.e., under the mineral title “Mica” in the dataset, they 
show a significant scattering (Figure 2c). If we plot the muscovite data in the ternary diagram, 
they will lie along the TiO2-(FeOt+MnO) side (Figure 2d).  
 

 
Figure 2. Ternary TiO2–FeO+MnO–MgO diagram after Nachit et al. (2005); composition of biotite (a), 
phlogopite (b), Mica (c), and muscovite (d) from host-rocks of convergent setting. See the text for more 
details. FeOt and FeO*: total iron 
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    Therefore, the data with non-biotite composition can give misleading results regarding their 
primary or secondary nature, and petrographic and paragenesis evidence must be included in 
confirming the final results. 
    The mentioned trends are almost similar for the intra-plate and rift settings (Figures 3a-d and 
4a, c). However, the phlogopite data from the rift environment can be divided into two groups 
(Figure 4b), while the muscovite data are plotted in the middle of the triangle (Figure 4d). 
    Based on the study of Abdel-Rahman (1994), biotites in calc-alkaline granite suites, mostly 
subduction-related orogenic suites, are enriched in Mg. Investigations show that the biotites in 
orogenic alkaline suites (subduction-related foid-syenite and alkali-gabbro) also follow this 
trend (e.g., Ashrafi et al., 2009; the calc-alkaline field of Figures 5a-d). These trends seem to 
point to some elemental substitutions in the biotites (e.g., Fe2+=Mg2+; M2+ Si4+= MAl TAl). 
Therefore, using the biotite composition of granitoid for the host magma suites or the geo-
tectonic reconstruction of ancient orogens can be misleading (Stussi & Cuney, 1996). 
    The FeOt vs. Al2O3 variation plot shows that the biotites of convergent setting can be divided 
into two groups (Figure 6a), while the phlogopites show a relatively concentrated distribution 
(Figure 6b). Also, these diagrams show that micas related to anorogenic alkaline suites are not 
very abundant (Figures 6a-c). There is no significant elemental correlation between FeOt and 
Al2O3 in the first three diagrams (Figures 6a-c). Nevertheless, a good negative correlation can 
be seen in the muscovite data (Figure 6d). 
    According to the FeOt vs. Al2O3 variation plot, the biotite and Mica compositions in the rift 
setting do not correlate (Figures 7a, d). In contrast, the phlogopite ones show a relatively 
negative correlation (Figure 7b). As to muscovite, an excellent negative correlation occurs at 
higher Al content (Figure 7d). These trends can be related to element substitutions MFe2+ 
TSi=MAl TAl, MFe2+ 2TAl= 2TSi, and 3MFe2+=2TAl. 
 

 
Figure 3. Ternary TiO2–FeO+MnO–MgO diagram after Nachit et al. (2005); composition of biotite (a), 
phlogopite (b), Mica (c), and muscovite (d) from host-rocks of intra-plate setting. See the text for more 
details 
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Figure 4. Ternary TiO2–FeO+MnO–MgO diagram after Nachit et al. (2005); composition of biotite (a), 
phlogopite (b), Mica (c), and muscovite (d) from the rift setting. See the text for more details 
 

 
Figure 5. The chemical variation of biotite from subduction-related alkaline rocks and their plot in the 
calc-alkaline orogenic suites field (Ashrafi et al., 2009); diagrams of (a) MgO vs. Al2O3 (b) FeO* vs. 
Al2O3 (c) FeO* vs. MgO from Abdel-Rahman (1994) and (d) Mg vs. Altot from Nachit et al. (1985) 
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Figure 6. The composition of micas related to the convergent setting in FeOt vs. Al2O3 variation 
diagrams; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, 
which separate the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
 

 
Figure 7. The composition of micas related to the intra-plate setting in FeOt vs. Al2O3 variation 
diagrams; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, 
which separate the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
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    The FeOt vs. Al2O3 variation plot for the rift setting micas indicates a significant scattering 
relative to the other settings (Figures 8a-d). Based on Figure 8b, the phlogopite data can be 
divided into two groups including Fe-rich and Fe-poor phlogopite. Similar to the previous 
diagrams, the muscovite data show a negative correlation (Figure 8d). 
    The MgO vs. Al2O3 variation plot shows that the biotites of convergent setting can be divided 
into two groups, equal to the calc-alkaline orogenic (C) and peraluminous (P) suites of Abdel-
Rahman (1994)’s criteria (Figure 9a). The phlogopite compositions are plotted in the C field of 
Abdel-Rahman’s classification with a shift towards high MgO contents (Figure 9b). Mica data 
mainly plot in the C field and do not show any correlation (Figure 9c). The muscovite 
compositions from the convergent setting show a negative correlation and are located in the 
upper part of the P field (Figure 9d). 
    The MgO vs. Al2O3 variation plot shows that the biotites of the intra-plate setting have a 
wide variation in MgO content (Figure 10a). In contrast, the phlogopite compositions show a 
broad variation in Al2O3 content (Figure 10b). Mica data mainly plot in the C field and do not 
show any correlation (Figure 10c).  
    These features show that regardless of the host rock type and mineral paragenesis, the 
composition of micas attributed to the intra-plate environment will lead to false results. The 
muscovite compositions from the intra-plate setting have a relative scattering in Al2O3 and MgO 
values (Figure 10d). 
    In the MgO vs. Al2O3 diagram for the biotites of the rift setting, there is much scatter in the data, 
and no particular trend can be considered; however, the data can be separated into several groups 
(Figure 11a). The phlogopite data can be divided into two groups rich in Mg and poor in Mg (Figure 
11b). The data under the title "Mica" are scattered in such a way that they can be divided into three 
groups in terms of Al2O3 content (low, intermediate, and high in Al2O3) (Figure 11c). 
 

 
Figure 8. The composition of micas related to the rift setting in FeOt vs. Al2O3 variation diagrams; (a) 
biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, which separate 
the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
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Figure 9. The composition of micas related to the convergent setting in MgO vs. Al2O3 variation 
diagrams; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, 
which separate the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
 

 
Figure 10. The composition of micas related to the intra-plate setting in MgO vs. Al2O3 variation 
diagrams; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, 
which separate the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
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    Almost a negative correlation between the two oxides is observed in the muscovite data 
(Figure 11d). There is a significant negative correlation between FeOt and MgO in the biotite, 
phlogopite, and Mica of the convergent environment (Figures 12a-c).  

 
Figure 11. The composition of micas related to the rift setting in MgO vs. Al2O3 variation diagrams; (a) 
biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, which 
distinguish the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 

 
Figure 12. The composition of micas related to the convergent setting in FeOt vs. MgO variation 
diagrams; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, 
which distinguish the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
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    Nevertheless, a positive correlation is visible for the muscovite between the two oxides (Figure 
12d). These features can be seen for the micas of intra-plate and rift environments (Figures 13, 14).  

 

 
Figure 13. The composition of micas related to the intra-plate setting in FeOt vs. MgO variation 
diagrams; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, 
which distinguish the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 

 
Figure 14. The composition of micas related to the rift setting in FeOt vs. MgO variation diagrams; (a) 
biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red lines added to the diagrams, which 
distinguish the boundary of the A, C, and P fields, are from Abdel-Rahman (1994) 
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    The range of variations in the amount of MgO is more at higher amounts of FeOt; in other 
words, at higher amounts of iron, more scatter is seen in the trends (Figures 13a, b, d).  
    Based on the Al vs. Mg diagram, three groups or trends can be considered for the biotites of 
the convergent setting. As it is clear from the data distribution, unlike the three peraluminous, 
calc-alkaline, and sub-alkaline series, biotites belonging to the alkaline-peralkaline series are 
very rare (Figure 15a). Indeed, the phlogopite data will be plotted outside the range of the series 
specified for the biotites, due to their high Mg. However, if the dashed lines are extrapolated, 
the composition of phlogopites can be located within the range of each of the four series (Figure 
15b). The Mica composition array in the diagram of Al vs. Mg is such that a negative or positive 
trend cannot be considered for it (Figure 15c). A negative correlation can be considered for the 
muscovite data (Figure 15d). 
    In general, the variation of biotite composition defines a negative Al-Mg correlation (Stussi & 
Cuney, 1996). This feature can be observed for the biotites of the intra-plate setting (Figure 16a). 
The most crucial feature of Figure 16b is the wide variation in the amount of Altot (apfu), which 
is revealed by the composition of phlogopite. The Mica composition, like the biotite, shows a 
negative correlation; however, the data has a considerable scattering (Figure 16c). Due to the high 
amounts of Al in the muscovite mineral, all the data of intra-plate muscovites are plotted in the 
peraluminous field. They show a negative correlation at higher amounts of Al. (Figure 16d). 
    The data related to the rift show a wide scatter, as shown in Figure 17; they can be divided into 
different groups (Figures 17a-c). For example, the phlogopite data can be divided into two groups 
of Mg-rich and Mg-poor (Figure 17b), and the Mica data can be divided into three groups of high, 
intermediate, and low Al (Figure 17c). This feature can be attributed to two factors, such as the 
incompleteness of the dataset or the presence of extreme differences in the host rock. The 
muscovite data has a negative correlation and has a peraluminous trend (Figure 17d). 
 

 
Figure 15. The Mg vs. Al variation diagrams for micas related to the convergent setting; (a) biotite, (b) 
phlogopite, (c) Mica, and (d) muscovite. The red dashed lines added to the diagrams, which distinguish 
the boundary of the peraluminous, calc-alkaline, subalkaline, and alkaline-peralkaline trends, are from 
Stussi & Cuney (1996) 



320  Ashrafi et al. 

 
Figure 16. The Mg vs. Al variation diagrams for micas related to the intra-plate setting; (a) biotite, (b) 
phlogopite, (c) Mica, and (d) muscovite. The red dashed lines added to the diagrams, which distinguish 
the boundary of the peraluminous, calc-alkaline, subalkaline, and alkaline-peralkaline trends, are from 
Stussi & Cuney (1996) 

 
Figure 17. The Mg vs. Al variation diagrams for micas related to the rift setting; (a) biotite, (b) 
phlogopite, (c) Mica, and (d) muscovite. The red dashed lines added to the diagrams, which distinguish 
the boundary of the peraluminous, calc-alkaline, subalkaline, and alkaline-peralkaline trends, are from 
Stussi & Cuney (1996) 
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    In the MgO-FeOt-Al2O3 diagram (Figures 18-20; after Abdel-Rahman, 1994), most of the 
biotites of the convergent setting plot in the calc-alkaline orogenic suites (Figure 18a).  

 
Figure 18. The ternary diagram of MgO-FeOt-Al2O3 for comparison of the micas related to the 
convergent setting; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red dashed lines added 
to the diagrams, which distinguish the boundary of the peraluminous, calc-alkaline, and anorogenic 
alkaline trends, are after Abdel-Rahman (1994) 

 
Figure 19. The ternary diagram of MgO-FeOt-Al2O3 for comparison of the micas related to the intra-
plate setting; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red dashed lines added to the 
diagrams, which distinguish the boundary of the peraluminous, calc-alkaline, and anorogenic alkaline 
trends, are after Abdel-Rahman (1994) 
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Figure 20. The ternary diagram of MgO-FeOt-Al2O3 for comparison of the micas related to the rift 
setting; (a) biotite, (b) phlogopite, (c) Mica, and (d) muscovite. The red dashed lines added to the 
diagrams, which distinguish the boundary of the peraluminous, calc-alkaline, and anorogenic alkaline 
trends, are after Abdel-Rahman (1994) 
 
    The phlogopites of convergent environment are plotted in the same field. However, they are 
far from the intersection of the three fields specified by Abdel-Rahman (1994) (Figure 18b). 
The composition of phlogopites in the intra-plate environment is in the centre of the diagram, 
with a greater tendency towards the MgO corner (Figure 19b). In this diagram, the muscovite 
composition from all three tectonic environments is plotted near the Al2O3 corner (Figures 18d, 
19d, and 20d). The biotite composition of the intra-plate environment is plotted around the 
junction of the three fields specified by Abdel-Rahman (Figure 19a). As to the Mica 
composition, the scattering of the data is remarkable, which could be since their type is not 
known (are they mostly biotite or phlogopite or muscovite or a combination of mica types?) 
(Figures 18c, 19c, and 20c). 
 
Conclusions 
 
The distribution of the data shows that biotites of the convergent environment can be divided 
into peraluminous with Mg-poor (Group I) and metaluminous with Mg-rich (Group II, III). This 
division can also be used for phlogopites of the rift environment, where Group I represents 
metaluminous (Mg-rich) phlogopites and Group II indicates peraluminous (Mg-poor) 
phlogopites. One of the most critical elemental substitutions in biotite and phlogopite is the 
substitution of Fe2+=Mg2+. Nevertheless, according to the occurrence of specific elemental 
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correlations, it seems that the substitutions of 3Mg2+=2Al3+ and 3Fe2+=2Al3+ in muscovite and 
(Fe, Mg)2+ Si4+= MAl TAl in biotite and phlogopite are essential. Considering the various 
parameters involved in the composition of micas, their use to determine the magmatic suites 
and, thus, the tectonic environment must be combined with other findings. For example, the 
biotite compositions from orogenic alkaline suites plot in the C field of Abdel-Rahman’s 
classification, therefore any composition that is plotted in this field can be related to alkaline or 
calc-alkaline orogenic suites. The amount of Mg in biotites of the convergent environment 
rarely reaches zero compared to the other two environments. The distribution of the data shows 
a relatively good negative correlation between Mg and Altot in biotites of intra-plate 
environment compared to phlogopites.  
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