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Abstract
The Tonaru metagabbro mass occurs as a large lenticular body in the highest-grade (oligoclase-biotite zone) portions 

of the Sambagawa schists in the Besshi district. The Tonaru mass consists of diopside amphibolite and garnet-epidote 
amphibolite accompanied by small amounts of eclogite and marble. Kyanite–garnet amphibolites from the Tonaru 
metagabbro mass are composed of amphibole (calcic-amphibole; magnesiohornblende, actinolite, tremolite and 
tschermakite), zoisite, kyanite, garnet, phengite, paragonite, margarite, chlorite, quartz and pyrite. Amphiboles in 
the kyanite–garnet amphibolite exhibit three different modes of occurrence (Amp1-3). Amphiboles (Amp1) occur as 
inclusions in the porphyroblastic garnets are calcic in compositions (magnesiohornblende, actinolite and tremolite). Some 
are zoned, with magnesiohornblende core and actinolite / tremolite rim. Amphiboles (Amp2) in the matrix are mostly 
magnesiohornblende, and are zoned with magnesiohornblende core and actinolite / tschermakite rim. Amphiboles (Amp3) 
filling the fractures of the garnets are magnesiohornblende and tschermakite, and display a compositional zoning with 
magnesiohornblende core and tschermakite rim. The metamorphic evolution of the kyanite–garnet amphibolite from the 
Tonaru metagabbro mass is probably divided into two metamorphic events. The amphiboles (Amp1, 2) represent prograde 
metamorphism from the epidote–blueschist facies to the peak eclogite facies metamorphism. The actinolite rim of both 
occurrences suggests a retrograde metamorphism after the peak conditions. Amphiboles (Amp3) occur in fractures of the 
porphyroblastic garnets, and provide evidence of the second high-P metamorphic event. This metamorphic event is similar 
to that of the prograde Sambagawa metamorphism of the oligoclase-biotite zone.
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Introduction

The Sambagawa metamorphic belt extends for about 
800 km throughout southwest Japan, stretching from Saganoseki 
Peninsula in Kyushu to the Kanto Mountains in the northeast 
(Fig. 1). Most parts of the Sambagawa belt underwent high-
P/T metamorphism during the Cretaceous period (Itaya 
and Takasugi, 1988; Takasu and Dallmeyer, 1990; Wallis 
et al., 2009). In the Besshi district of the Sambagawa belt 
the metamorphism is divided into four zones based on 
index minerals in the pelitic schists, namely the chlorite, 
garnet, albite-biotite, and oligoclase-biotite zones (Fig. 1; 
Enami, 1983; Higashino, 1990; Enami et al., 1994). The 
higher-grade albite-biotite and oligoclase-biotite zones are 
equivalent to epidote–amphibolite facies metamorphism. Several 
eclogite-bearing bodies occur in the higher-grade albite-biotite 
and the oligoclase-biotite zones in the Besshi district, such as 
the Higashi-akaishi and Nikubuchi peridotite bodies, the 
Western Iratsu, Quartz Eclogite, Seba eclogitic basic schists, 
and the Sebadani, Eastern Iratsu and Tonaru metagabbro 
masses (e.g. Yokoyama, 1980; Takasu, 1984; Kunugiza et 
al., 1986; Aoya, 2001; Kugimiya and Takasu, 2002; Ota et 
al., 2004; Miyagi and Takasu, 2005, 1989; Kabir and Takasu, 
2010; Endo and Tsuboi, 2013) (Fig. 1).

The Tonaru metagabbro mass (~ 6.5 km × 1 km) is one of 

the eclogite-bearing bodies located in the central part of the 
Besshi district, and lies within the oligoclase-biotite zone 
of the Sambagawa sequence (Higashino, 1990) (Fig. 1). 
Compositional banding that reflects the original igneous 
layered structure is widely developed in the mass, with 
schistosity defined by epidote–amphibolite facies minerals. 
The Tonaru metagabbro mass is considered to be derived 
from a layered gabbro (Banno et al., 1976; Kunugiza et al., 
1986; Takasu, 1989). The Tonaru mass occurs as a large 
lenticular body consisting of diopside amphibolite (T-I type 
amphibolite) with small amounts of associated serpentinite, 
and garnet–epidote amphibolite (T-II type amphibolite) 
accompanied by small amounts of eclogite (Moriyama, 
1990) (Fig. 2). Kunugiza (1984) suggested that serpentinites 
within the diopside amphibolites were originally peridotites 
that were serpentinized, followed by subsequent prograde 
metamorphism. Takasu et al. (1994) suggested that the 
eclogite-bearing garnet–epidote amphibolites underwent 
eclogite facies metamorphism before being retrograded into 
the epidote–amphibolite facies.

Miyagi and Takasu (2005) reported detailed petrology 
and a metamorphic history of the Tonaru metagabbro mass. 
They suggested that the Tonaru metagabbro mass underwent 
three metamorphic events. Precursor metamorphic event 
(i) of high-T amphibolite facies that occurred before the 
eclogite facies metamorphism is characterized by pargasite–
taramite inclusions in the porphyroblastic garnets and 
Mg-rich relict cores of garnet (MgO ~ 8 wt%). The first 
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Fig. 1. Geological and metamorphic zonation map of the Sambagawa metamorphic belt in the Besshi district, central Shikoku, Japan 
(compiled from Takasu and Makino, 1980; Takasu, 1989; Higashino, 1990; Kugimiya and Takasu, 2002; Sakurai and Takasu, 2009; 
Kabir and Takasu, 2010). SB, Sebadani metagabbro mass; SEB, Seba basic eclogitic schists; TN, Tonaru metagabbro mass; WI, 
Western Iratsu mass; EI, Eastern Iratsu mass; HA, Higashi-akaishi peridotite mass; HE, Hornblende eclogite mass; NB, Nikubuchi 
peridotite mass; MTL, Median Tectonic Line.

Fig. 2. Lithological map of the Tonaru metagabbro mass (after Miyagi and Takasu, 2005), with sample location. Eclogite localities of 
Kohsaka and Toriumi (1984) and Miyagi and Takasu (2005) are also shown.

high-P metamorphic event of the eclogite facies (ii) led to 
prograde metamorphism from the epidote–blueschist facies 
(300-450˚C and 7-11 kbar) to the eclogite facies (700-730˚C 
and ≥ 15 kbar), and subsequent retrogression into epidote–
amphibolite facies. The mass subsequently underwent another 
prograde metamorphism (iii) together with the surrounding 
Sambagawa schists, reaching oligoclase–biotite zone 
metamorphic conditions.

In this study we describe the texture, modes of occurrence 
and the chemical compositions of amphiboles in high-Mg 
garnet- and kyanite-bearing garnet amphibolite (hereafter 
kyanite–garnet amphibolite) from the western part of the Tonaru 
metagabbro mass. Detail petrography of the kyanite–garnet 

amphibolite has been described by Matsuura et al. (2013). 
Amphiboles in the kyanite–garnet amphibolite display 
three different modes of occurrence (Amp1-3). Amphiboles 
(Amp1) occur as inclusions in the porphyroblastic garnets are 
subhedral prismatic crystals up to 0.7 mm long. They are calcic 
amphiboles (magnesiohornblende, actinolite and tremolite) 
(Figs. 3a and b). Some are zoned, with magnesiohornblende 
core and actinolite / tremolite rim (Fig. 3b). Amphiboles 
(Amp2) are mostly magnesiohornblende and occur as 
subhedral to anhedral prismatic grains up to 4 mm long in 
the matrix (Figs. 3c and d). Some of them are zoned, with 
magnesiohornblende core and actinolite / tschermakite rim 
(Fig. 3d). They contain inclusions of kyanite, Fe-garnet, 

Figure 1 (Kabir et al.)
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Fig. 3. Backscattered electron (BSE) images of the kyanite–garnet amphibolite from the Tonaru metagabbro mass. (a) High-Mg garnet (relatively 
lighter vein is Fe-rich garnet) contains inclusions of amphibole (Amp1, magnesiohornblende), zoisite, epidote and chlorite. (b) High-Mg garnet 
contains inclusions of amphibole (Amp1: magnesiohornblende core to actinolite rim) and chlorites fill the cracks of the garnet. (c) Schisto-
sity-forming amphiboles (Amp2) are replaced by chlorite and albite. (d) Matrix amphibole (Amp2) is rimmed by actinolite. (e) The garnet 
contains fine-grained inclusions of zoisite. Fractures in the garnets are filled by kyanite, chlorite, zoisite and amphibole (Amp3: magnesiohorn-
blende, tschermakite).

Figure 3. (Kabir et al.)
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zoisite, phengite (Si 6.85-6.90 pfu) chlorite and quartz. 
Amphiboles (Amp3) filling the fractures of the garnets 
(magnesiohornblende, tschermakite) are anhedral in shape, 
and also display the similar compositional zoning as the matrix 
amphiboles (Amp2) (Fig. 3e). The mineral abbreviations 
used in the text, table, and figures follow Whitney and Evans 
(2010).

 
Chemical compositions of amphiboles

Chemical compositions of the amphiboles in the kyanite–
garnet amphibolite from the western parts of the Tonaru 
metagabbro mass were investigated in Shimane University, 
using JEOL JXA 8800M and JXA 8530F electron microprobe 
analyzers. Analytical conditions used for quantitative analysis 
were 15 kV accelerating voltage, 20 nA specimen current, 
and 5 µm beam diameter. Correction procedure was carried 
out as described by Bence and Albee (1968). Fe3+ of amphibole 
is estimated using the 13eCNK method (Leake et al., 1997).

Amphibole (Amp1) inclusions in the porphyroblastic 
garnet are classified as magnesiohornblende, actinolite and 
tremolite, with ranges of Si 6.52-7.93 per formula unit (pfu), 
NaB 0.03-0.41 pfu, XMg (Mg / Mg + Fe2+) 0.84-1, Ti 0-0.02 pfu 

and AlIV 0.06-1.01 pfu. Amp1 is sometimes zoned, from 
magnesiohornblende core to actinolite / tremolite rims, 
increasing in Si (6.70-7.93 pfu), and decreasing NaB 
(0.26-0.03 pfu), XMg (1-0.84), Ti (0.01-0 pfu) and AlVI 
(0.81-0.06 pfu) (Fig. 4; Table 1).

Amphiboles (Amp2) in the matrix are classified as 
calcic amphiboles (magnesiohornblende, actinolite and 
tschermakite), with a wide ranges of Si 6.15-7.92 pfu, NaB 
0-0.42 pfu, XMg 0.82-1, Ti 0-0.02 pfu and AlVI 0.05-1.15 pfu. 
The cores of the zoned amphiboles (Amp2) are classified as 
magnesiohornblende with Si 6.52-7.03 pfu, NaB 0.09-0.31 pfu, 
XMg 0.85-1 and AlVI 0.61-1 pfu, rimed by actinolite, with 
higher Si 7.78-7.92 pfu and lower NaB 0.04-0.06 pfu, XMg 
0.82-0.84 and AlVI 0.08-0.11 pfu (Fig. 4). Some other zoned 
amphiboles (Amp2) are zoned from magnesiohornblende 
core to tschermakite rim, decreasing in Si (6.73-6.15 pfu) 
and XMg (0.95-0.87) and increasing NaB (0.20-0.22 pfu) and 
AlVI (0.60-0.99 pfu).

Amphiboles (Amp3) occurring in the garnet fractures are 
classified as magnesiohornblende, tschermakite with Si 6.05-
6.91 pfu, NaB 0-0.36 pfu, XMg 0.87-1, Ti 0-0.02 pfu and AlVI 
0.52-1.05 pfu. Some of these are zoned, magnesiohornblende 
core with Si 6.75-6.90 pfu, NaB 0.26-0.27 pfu, XMg 0.95-0.96 
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and AlVI 0.51-0.67 pfu and tschermakite rim with lower Si 
6.24-6.37 pfu and XMg 0.91-0.92 and higher NaB 0.26-0.31 pfu 
and AlVI 0.96-1.05 pfu (Fig. 4).

 
Discussion and Conclusions

Amphiboles in the kyanite–garnet amphibolite from the 
Tonaru metagabbro mass exhibit several modes of occurrence 
and a wide range of chemical compositions, and they 
provide important information of diverse P-T conditions on 
the Sambagawa metamorphism. 

The core of the amphiboles (Amp1) as inclusions in the 
porphyroblastic garnets and the core of the amphibole (Amp2) 
in the matrix are similar in compositions (magnesiohornblende), 
and probably share the same metamorphism. The actinolite 
rims of both amphiboles (Amp1 and 2) suggest similar 
retrograde metamorphic process. Amphibole (Amp3) occurring 
in the fractures of the garnets is also magnesiohornblende, 
which is rimmed by tschermakite. The tschermakite rims of the 
amphiboles (Amp2 and 3) are probably formed during another 
metamorphic event.

Based on petrography and chemical compositions of 
the constituent minerals, the metamorphic evolution of the 
kyanite–garnet amphibolites from the Tonaru metagabbro 
mass is divided into two events. These are a first high-
pressure metamorphic event (i) represented by inclusions of 
amphiboles (Amp1) in the garnets and matrix amphiboles 
(Amp2), and a second high-pressure metamorphic event (ii) 
recorded by amphiboles (Amp3) developed in the fractures 
of the garnets and the rim of the matrix amphibole (Amp2). 
Matsuura et al. (2013) reported high-Mg garnets from the 
kyanite–bearing garnet amphibolites show a prograde 
zoning and the rim of the garnet records the evidence of 
the peak metamorphic stage of eclogite facies. Miyagi 
and Takasu (2005) reported a P-T path of eclogites. The 
prograde P-T trajectory passing through epidote–blueschist 
facies to eclogite facies of the peak conditions at 700-730˚C 
and ≥ 15 kbar, is followed by retrograde metamorphism into 
epidote–amphibolite facies. The amphiboles (Amp1 and 2) 
probably follow a similar prograde, peak and retrograde 
P-T path of the Tonaru eclogites and garnet–amphibolites 
described by Miyagi and Takasu (2005). Amphiboles (Amp3) 
developed as fracture-filling minerals provide evidence 
of the second high-P metamorphic event, and the rim 
of the matrix amphiboles (Amp2) also follow similar 
metamorphism. This metamorphic event is similar to that of 
the prograde metamorphism of the Sambagawa schists in 
the oligoclase-biotite zone, as already reported by Miyagi 
and Takasu (2005).
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1

Sample
Analysis 4 5 6 7 8 16 26 51 52 53 54 56 59 62 63 81 82 99 102

In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt In Grt Matrix Matrix
Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp1 Amp2 Amp2
Mhb Act Mhb Tr Mhb Mhb Mhb Mhb Mhb Mhb Act Act Mhb Mhb Act Mhb Act Mhb Mhb
Core Rim Core Rim Core → → Rim Rim Core Rim Core Rim Core

SiO2 49.90 57.21 48.61 55.19 51.21 49.49 48.38 48.23 49.40 50.11 56.72 54.56 51.22 50.93 54.28 50.66 56.60 48.59 47.59
TiO2 0.13 0.00 0.10 0.00 0.05 0.09 0.00 0.04 0.05 0.04 0.01 0.00 0.11 0.15 0.04 0.12 0.00 0.14 0.09
Al2O3 11.73 0.83 12.97 1.78 10.17 10.93 13.24 13.88 12.15 10.93 1.04 3.19 9.55 9.84 4.92 10.61 1.11 11.98 13.92
Cr2O3 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.03 0.00 0.00 0.01 0.00 0.00
MnO 0.07 0.16 0.01 0.22 0.08 0.10 0.08 0.10 0.12 0.10 0.24 0.21 0.07 0.10 0.18 0.11 0.22 0.11 0.04
MgO 17.64 19.40 17.25 19.13 17.76 16.59 16.66 16.67 17.13 17.76 19.28 18.38 18.54 18.34 18.64 17.48 19.48 16.09 17.15
CaO 11.03 12.90 11.75 12.21 11.20 11.28 11.51 11.09 11.12 11.42 12.61 11.99 11.63 11.62 12.59 11.29 12.94 11.22 11.44
Na2O 1.49 0.13 1.51 0.14 1.21 1.28 1.59 1.71 1.50 1.24 0.13 0.42 1.07 1.10 0.60 1.29 0.15 1.44 1.82
K2O 0.22 0.01 0.12 0.01 0.10 0.11 0.03 0.08 0.06 0.04 0.02 0.03 0.11 0.10 0.03 0.08 0.02 0.10 0.11
Total 98.12 98.42 97.87 96.40 98.30 97.47 97.78 98.07 97.58 97.57 97.62 95.84 97.57 97.64 98.03 98.06 97.78 97.43 96.89

O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 24

Si 6.94 7.93 6.70 7.76 7.11 6.87 6.68 6.73 6.91 7.00 7.91 7.73 7.13 7.10 7.53 6.95 7.89 6.76 6.69
Ti 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.00 0.01 0.01
AlIV 1.06 0.07 1.30 0.24 0.89 1.13 1.32 1.27 1.09 1.00 0.09 0.27 0.87 0.90 0.47 1.05 0.11 1.24 1.31
AlVI 0.86 0.07 0.81 0.06 0.77 0.66 0.84 1.01 0.91 0.80 0.08 0.26 0.70 0.71 0.34 0.66 0.08 0.73 1.00
Cr 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 0.00
Fe2+ 0.00 0.77 0.06 0.45 0.00 0.16 0.08 0.00 0.00 0.00 0.68 0.58 0.00 0.00 0.57 0.05 0.73 0.18 0.00
Mn 0.01 0.02 0.00 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.01 0.01 0.02 0.01 0.03 0.01 0.01
Mg 3.66 4.01 3.54 4.01 3.68 3.43 3.43 3.47 3.57 3.70 4.01 3.88 3.85 3.81 3.86 3.57 4.05 3.34 3.60
Ca 1.64 1.92 1.74 1.84 1.67 1.68 1.70 1.66 1.67 1.71 1.88 1.82 1.74 1.74 1.87 1.66 1.93 1.67 1.72
NaB 0.13 0.03 0.26 0.04 0.12 0.32 0.30 0.11 0.12 0.08 0.04 0.11 0.08 0.08 0.13 0.34 0.04 0.33 0.11
NaA 0.27 0.00 0.14 0.00 0.21 0.02 0.13 0.35 0.28 0.26 0.00 0.00 0.21 0.22 0.03 0.00 0.00 0.06 0.38
K 0.04 0.00 0.02 0.00 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.02 0.02 0.01 0.01 0.00 0.02 0.02
Total 15.40 14.95 15.16 14.88 15.23 15.04 15.13 15.42 15.31 15.31 14.92 14.94 15.25 15.25 15.04 15.02 14.98 15.08 15.42

X Mg 1.00 0.84 0.98 0.90 1.00 0.96 0.98 1.00 1.00 1.00 0.85 0.87 1.00 1.00 0.87 0.99 0.85 0.95 1.00
*Total Fe as FeO
In Grt, inclusions in garnet

Sample
Analysis 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 148 149 150

Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix
Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2
Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Act Act Act Mhb Mhb Mhb Mhb Mhb
→ → → → → → → → → → → → → Rim Core → →

SiO2 47.96 48.29 48.14 48.50 48.48 48.13 50.21 46.89 46.49 46.15 45.98 55.11 55.35 54.69 47.79 47.62 48.71 48.65 48.59
TiO2 0.13 0.12 0.12 0.05 0.12 0.09 0.05 0.08 0.08 0.09 0.09 0.01 0.00 0.02 0.11 0.10 0.11 0.09 0.14
Al2O3 13.53 13.25 13.04 13.03 12.77 12.53 9.58 14.17 14.11 14.67 14.66 1.37 1.07 1.81 13.11 13.19 12.37 12.37 12.41
Cr2O3 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01 0.03 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00
FeO* 4.87 5.04 4.81 4.92 6.16 7.74 8.14 8.75 8.96 8.88 9.15 7.88 7.73 8.10 4.95 4.86 4.75 4.44 4.66
MnO 0.03 0.03 0.05 0.03 0.08 0.10 0.10 0.16 0.17 0.17 0.15 0.22 0.17 0.27 0.00 0.05 0.01 0.01 0.02
MgO 17.38 17.52 17.47 17.48 16.36 15.73 16.37 14.36 14.17 14.00 13.81 18.36 18.51 18.47 17.12 17.20 17.76 17.89 17.80
CaO 11.47 11.58 11.55 11.74 11.49 11.45 11.78 11.25 11.20 11.28 11.29 12.64 12.70 12.72 11.56 11.61 11.44 11.45 11.33
Na2O 1.70 1.73 1.60 1.67 1.54 1.47 1.01 1.82 1.75 1.80 1.77 0.19 0.13 0.21 1.65 1.70 1.64 1.72 1.68
K2O 0.11 0.11 0.13 0.11 0.11 0.12 0.09 0.10 0.09 0.09 0.09 0.03 0.02 0.02 0.12 0.14 0.12 0.13 0.13
Total 97.17 97.69 96.90 97.53 97.09 97.37 97.33 97.58 97.00 97.14 97.00 95.81 95.68 96.30 96.40 96.47 96.92 96.74 96.77

O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

Si 6.72 6.74 6.77 6.70 6.76 6.73 7.03 6.59 6.57 6.52 6.52 7.88 7.92 7.78 6.68 6.66 6.84 6.84 6.83
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
AlIV 1.28 1.26 1.23 1.30 1.24 1.27 0.97 1.41 1.43 1.48 1.48 0.12 0.08 0.22 1.32 1.34 1.16 1.16 1.17
Cr 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 0.00
AlVI 0.96 0.92 0.93 0.82 0.86 0.79 0.61 0.94 0.93 0.97 0.97 0.11 0.10 0.08 0.84 0.83 0.88 0.88 0.89
Fe3+ 0.63 0.61 0.60 0.52 0.48 0.60 0.52 0.56 0.59 0.56 0.56 0.07 0.03 0.19 0.52 0.53 0.60 0.57 0.63
Fe2+ 0.00 0.00 0.00 0.05 0.23 0.30 0.43 0.47 0.47 0.49 0.52 0.88 0.89 0.77 0.06 0.04 0.00 0.00 0.00
Mn 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.02 0.03 0.00 0.01 0.00 0.00 0.00
Mg 3.63 3.65 3.66 3.60 3.40 3.28 3.42 3.01 2.99 2.95 2.92 3.91 3.95 3.92 3.57 3.58 3.72 3.75 3.73
Ca 1.72 1.73 1.74 1.74 1.72 1.72 1.77 1.69 1.70 1.71 1.71 1.94 1.95 1.94 1.73 1.74 1.72 1.72 1.71
NaB 0.10 0.09 0.09 0.26 0.28 0.28 0.23 0.31 0.30 0.29 0.29 0.05 0.04 0.06 0.27 0.26 0.11 0.11 0.11
NaA 0.37 0.38 0.35 0.18 0.13 0.12 0.04 0.19 0.18 0.20 0.20 0.00 0.00 0.00 0.18 0.20 0.34 0.35 0.35
K 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.00 0.00 0.02 0.02 0.02 0.02 0.02
Total 15.45 15.42 15.40 15.20 15.15 15.14 15.06 15.21 15.19 15.22 15.22 15.00 14.99 15.00 15.20 15.23 15.40 15.42 15.45

X Mg 1.00 1.00 1.00 0.99 0.94 0.92 0.89 0.86 0.87 0.86 0.85 0.82 0.82 0.84 0.98 0.99 1.00 1.00 1.00
*Total Fe as FeO

Table 1 (Kabir et al.)
140531-3

140531-3

Mode

Mode

Table 1. Representative chemical compositions of amphiboles from the kyanite–garnet amphibolites.
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Table 1. (continued)

2

Sample
Analysis 151 152 153 154 155 156 157 158 159 160 162 163 165 166 168 170 45 46 47

Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix Matrix
Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2
Mhb Mhb Mhb Mhb Mhb Mhb Act Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Act Mhb
→ → → → → → Rim Core Rim

SiO2 48.81 48.61 48.50 51.87 46.34 48.14 55.50 46.86 47.77 47.89 47.08 47.14 47.99 49.57 48.08 48.63 49.06 55.55 47.99
TiO2 0.12 0.14 0.15 0.05 0.10 0.12 0.04 0.09 0.10 0.10 0.13 0.08 0.11 0.11 0.09 0.11 0.11 0.03 0.13
Al2O3 12.35 12.48 10.88 7.18 14.10 11.54 1.19 12.53 12.18 12.15 12.95 13.28 12.15 11.13 12.61 12.54 11.87 1.67 11.85
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.01 0.02 0.02 0.00 0.01 0.05 0.00 0.00
FeO* 4.54 4.79 7.27 6.86 8.55 7.73 7.11 8.03 7.46 7.50 8.51 8.47 7.59 4.64 5.03 5.02 5.33 8.64 8.49
MnO 0.02 0.02 0.15 0.18 0.14 0.10 0.16 0.14 0.09 0.07 0.15 0.15 0.11 0.05 0.08 0.02 0.05 0.19 0.16
MgO 17.67 17.64 16.46 18.04 14.50 15.45 18.93 15.06 15.85 15.54 14.58 14.65 15.89 18.04 17.30 17.57 18.34 18.74 15.64
CaO 11.39 11.36 11.41 11.45 11.03 11.34 12.48 11.09 11.16 11.28 11.12 11.03 11.16 11.28 11.33 11.41 11.33 12.65 11.51
Na2O 1.69 1.78 1.33 0.89 1.66 1.40 0.18 1.58 1.48 1.43 1.72 1.78 1.54 1.37 1.63 1.70 1.38 0.13 1.48
K2O 0.13 0.13 0.11 0.08 0.08 0.10 0.01 0.09 0.13 0.13 0.10 0.10 0.13 0.11 0.12 0.13 0.11 0.04 0.14
Total 96.71 96.94 96.26 96.61 96.48 95.91 95.59 95.46 96.23 96.09 96.38 96.68 96.69 96.31 96.26 97.14 97.62 97.64 97.38

O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

Si 6.86 6.83 6.84 7.24 6.55 6.85 7.91 6.70 6.74 6.78 6.69 6.67 6.74 6.98 6.81 6.82 6.85 7.78 6.74
Ti 0.01 0.01 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
AlIV 1.14 1.17 1.16 0.76 1.45 1.15 0.09 1.30 1.26 1.22 1.31 1.33 1.26 1.02 1.19 1.18 1.15 0.22 1.26
AlVI 0.90 0.89 0.65 0.42 0.90 0.78 0.11 0.81 0.76 0.81 0.86 0.88 0.75 0.83 0.91 0.89 0.80 0.05 0.70
Cr 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 0.00
Fe3+ 0.53 0.57 0.65 0.65 0.71 0.49 0.11 0.63 0.67 0.54 0.53 0.58 0.68 0.64 0.62 0.60 0.93 0.33 0.65
Fe2+ 0.00 0.00 0.21 0.15 0.31 0.43 0.74 0.33 0.21 0.34 0.48 0.42 0.22 0.00 0.00 0.00 0.00 0.69 0.35
Mn 0.00 0.00 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.00 0.01 0.02 0.02
Mg 3.70 3.69 3.46 3.75 3.06 3.28 4.02 3.21 3.33 3.28 3.09 3.09 3.33 3.79 3.65 3.67 3.82 3.91 3.27
Ca 1.72 1.71 1.72 1.71 1.67 1.73 1.91 1.70 1.69 1.71 1.69 1.67 1.68 1.70 1.72 1.71 1.69 1.90 1.73
NaB 0.13 0.13 0.28 0.24 0.33 0.27 0.05 0.30 0.31 0.29 0.31 0.33 0.32 0.11 0.10 0.11 0.04 0.04 0.27
NaA 0.33 0.36 0.09 0.00 0.13 0.11 0.00 0.13 0.09 0.10 0.17 0.16 0.10 0.26 0.34 0.35 0.34 0.00 0.13
K 0.02 0.02 0.02 0.01 0.02 0.02 0.00 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02
Total 15.34 15.39 15.11 14.97 15.14 15.13 14.96 15.15 15.11 15.13 15.19 15.18 15.12 15.37 15.39 15.39 15.66 14.94 15.16

X Mg 1.00 1.00 0.94 0.96 0.91 0.88 0.85 0.91 0.94 0.91 0.87 0.88 0.94 1.00 1.00 1.00 1.00 0.85 0.90
*Total Fe as FeO

Sample
Analysis 4 40 51 57 36 41 37 38 6 44 1 2 3 4 67 79 80 81 82

Matrix Matrix In Grt In Grt In Grt In Grt Matrix Matrix Matrix Matrix Matrix Matrix Grt Fr Grt Fr Matrix Matrix Matrix Matrix Matrix
Amp2 Amp2 Amp1 Amp1 Amp1 Amp1 Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp3 Amp3 Amp2 Amp2 Amp2 Amp2 Amp2
Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Ts Mhb Ts Ts Mhb Mhb Mhb Mhb

Core Rim Core Rim Rim ← Core Core →

SiO2 50.50 46.29 48.63 50.75 49.56 46.51 46.43 47.23 44.72 44.12 49.37 46.42 47.47 44.66 43.49 48.37 47.99 47.40 46.83
TiO2 0.10 0.02 0.01 0.09 0.12 0.00 0.04 0.00 0.00 0.05 0.08 0.14 0.14 0.05 0.06 0.14 0.10 0.12 0.10
Al2O3 9.62 14.68 13.50 10.65 10.63 14.92 14.11 13.84 17.15 16.81 10.04 13.99 11.47 16.13 17.08 11.24 11.54 11.90 12.19
Cr2O3 0.03 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.04 0.00 0.00
FeO* 8.15 9.07 7.88 5.52 6.36 8.73 9.15 8.92 10.22 9.92 8.53 7.60 7.92 9.94 9.79 5.05 6.39 5.59 8.01
MnO 0.15 0.10 0.15 0.05 0.10 0.11 0.21 0.17 0.17 0.15 0.19 0.20 0.14 0.21 0.18 0.08 0.17 0.08 0.17
MgO 16.39 14.19 15.95 17.95 16.87 14.24 14.28 14.64 12.52 13.04 16.28 15.77 16.29 13.34 13.37 18.27 17.75 17.79 16.16
CaO 11.24 10.48 10.88 11.51 11.39 10.72 10.70 10.72 11.00 10.86 11.50 11.61 11.71 11.15 11.74 12.02 12.02 11.90 11.71
Na2O 1.19 1.90 1.58 1.26 1.22 1.78 1.85 1.74 1.94 2.07 1.24 1.65 1.49 1.96 1.86 1.41 1.46 1.46 1.46
K2O 0.11 0.12 0.09 0.12 0.15 0.16 0.16 0.11 0.16 0.12 0.09 0.16 0.14 0.17 0.15 0.18 0.16 0.18 0.14
Total 97.46 96.83 98.66 97.89 96.53 97.17 96.92 97.37 97.89 97.14 97.33 97.52 96.76 97.63 97.71 96.76 97.63 96.42 96.76

O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

Si 7.04 6.51 6.65 6.96 6.94 6.52 6.55 6.60 6.30 6.25 6.91 6.49 6.70 6.30 6.15 6.84 6.77 6.75 6.60
Ti 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
AlIV 0.96 1.49 1.35 1.04 1.06 1.48 1.45 1.40 1.70 1.75 1.09 1.51 1.30 1.70 1.85 1.16 1.23 1.25 1.40
AlVI 0.62 0.95 0.83 0.68 0.69 0.99 0.89 0.88 1.15 1.05 0.57 0.79 0.61 0.99 1.00 0.71 0.69 0.75 0.63
Cr 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 0.00
Fe3+ 0.63 0.84 0.90 0.60 0.55 0.76 0.79 0.81 0.68 0.81 0.69 0.75 0.69 0.75 0.75 0.63 0.76 0.72 0.79
Fe2+ 0.32 0.22 0.01 0.03 0.19 0.27 0.29 0.24 0.53 0.36 0.31 0.14 0.24 0.42 0.41 0.00 0.00 0.00 0.16
Mn 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.01 0.02 0.01 0.02
Mg 3.40 2.97 3.25 3.67 3.52 2.98 3.00 3.05 2.63 2.75 3.40 3.28 3.43 2.81 2.82 3.85 3.74 3.77 3.40
Ca 1.68 1.58 1.59 1.69 1.71 1.61 1.62 1.61 1.66 1.65 1.73 1.74 1.77 1.69 1.78 1.82 1.82 1.82 1.77
NaB 0.32 0.42 0.41 0.31 0.29 0.39 0.38 0.39 0.34 0.35 0.27 0.26 0.23 0.31 0.22 0.00 0.00 0.00 0.23
NaA 0.00 0.10 0.01 0.03 0.04 0.10 0.12 0.08 0.19 0.21 0.06 0.18 0.18 0.22 0.29 0.39 0.40 0.40 0.17
K 0.02 0.02 0.01 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02
Total 15.02 15.12 15.03 15.05 15.07 15.12 15.15 15.10 15.22 15.24 15.08 15.21 15.20 15.26 15.31 15.46 15.48 15.52 15.19

X Mg 0.91 0.93 1.00 0.99 0.95 0.92 0.91 0.93 0.83 0.88 0.92 0.96 0.93 0.87 0.87 1.00 1.00 1.00 0.96
*Total Fe as FeO
Grt Fr, garnet fracture

140531-3

Mode
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Mode
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Table 1. (continued)

3

Sample
Analysis 83 84 97 98 99 100 101 102 103 104 105 107 108 109 110 111 112 113 72

Matrix Matrix Matrix Matrix Matrix Matrix Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr
Amp2 Amp2 Amp2 Amp2 Amp2 Amp2 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3

Ts Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Mhb Ts Ts Mhb Ts Mhb Ts Ts Ts
→ → → → → Rim Rim ← ← ← ← ← Core Core Rim Core → Rim

SiO2 45.97 47.96 47.21 47.26 47.48 47.14 47.10 47.51 47.78 48.52 47.82 45.23 44.40 48.54 43.91 48.12 43.30 43.65 47.31
TiO2 0.11 0.10 0.09 0.12 0.12 0.07 0.11 0.09 0.06 0.11 0.06 0.05 0.07 0.09 0.03 0.06 0.07 0.03 0.06
Al2O3 14.48 11.36 11.29 12.22 12.20 12.10 12.32 12.08 12.36 11.82 11.90 15.60 16.14 9.69 16.08 11.28 16.57 16.22 12.58
Cr2O3 0.07 0.03 0.00 0.03 0.07 0.00 0.04 0.01 0.00 0.00 0.02 0.05 0.02 0.00 0.05 0.02 0.04 0.03 0.00
FeO* 8.46 7.36 5.50 5.25 5.53 6.00 5.63 6.47 5.10 4.74 8.38 8.70 8.82 7.58 8.92 7.96 8.10 7.96 9.97
MnO 0.21 0.14 0.03 0.02 0.05 0.06 0.04 0.04 0.08 0.00 0.13 0.17 0.26 0.18 0.21 0.13 0.15 0.12 0.11
MgO 14.86 16.75 17.21 17.32 17.49 17.16 17.31 16.90 17.68 18.37 15.94 14.23 13.87 16.78 13.87 16.35 13.73 14.07 14.94
CaO 11.77 11.96 11.38 11.49 11.55 11.61 11.48 11.46 11.54 11.83 11.50 11.22 11.35 11.41 11.00 11.55 11.26 11.31 11.46
Na2O 1.59 1.29 1.44 1.62 1.49 1.53 1.52 1.41 1.51 1.45 1.28 1.81 1.79 1.16 1.76 1.32 1.80 1.84 1.70
K2O 0.09 0.14 0.18 0.12 0.13 0.15 0.13 0.11 0.13 0.17 0.15 0.12 0.13 0.10 0.14 0.12 0.14 0.13 0.11
Total 97.60 97.09 94.33 95.44 96.10 95.82 95.67 96.07 96.25 97.00 97.18 97.18 96.85 95.51 95.97 96.92 95.15 95.35 98.25

O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

Si 6.46 6.73 6.75 6.77 6.76 6.76 6.75 6.79 6.78 6.82 6.70 6.37 6.29 6.90 6.26 6.75 6.24 6.27 6.62
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01
AlIV 1.54 1.27 1.25 1.23 1.24 1.24 1.25 1.21 1.22 1.18 1.30 1.63 1.71 1.10 1.74 1.25 1.76 1.73 1.38
AlVI 0.85 0.60 0.66 0.84 0.81 0.80 0.83 0.83 0.85 0.78 0.66 0.96 0.99 0.52 0.96 0.62 1.05 1.01 0.70
Cr 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Fe3+ 0.67 0.67 0.65 0.64 0.75 0.71 0.76 0.76 0.72 0.68 0.79 0.76 0.75 0.76 0.90 0.76 0.70 0.70 0.75
Fe2+ 0.32 0.19 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.27 0.30 0.14 0.16 0.18 0.28 0.26 0.42
Mn 0.02 0.02 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.01 0.01
Mg 3.11 3.50 3.67 3.70 3.72 3.67 3.70 3.60 3.74 3.85 3.33 2.99 2.93 3.55 2.95 3.42 2.95 3.01 3.12
Ca 1.77 1.80 1.75 1.76 1.76 1.78 1.76 1.76 1.75 1.78 1.73 1.69 1.72 1.74 1.68 1.74 1.74 1.74 1.72
NaB 0.23 0.20 0.25 0.05 0.02 0.01 0.02 0.03 0.04 0.02 0.27 0.31 0.28 0.26 0.32 0.26 0.26 0.26 0.28
NaA 0.20 0.15 0.15 0.40 0.39 0.41 0.40 0.37 0.38 0.37 0.07 0.19 0.21 0.06 0.17 0.10 0.24 0.25 0.18
K 0.02 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.02
Total 15.22 15.17 15.18 15.42 15.50 15.43 15.50 15.37 15.52 15.53 15.10 15.21 15.24 15.07 15.19 15.12 15.27 15.27 15.20

X Mg 0.91 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.92 0.91 0.96 0.95 0.95 0.91 0.92 0.88
*Total Fe as FeO

Sample
Analysis 73 74 75 76 77 78 79 80 81 82 84 85 86 87 88 89 90 123 125

Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr Grt Fr
Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3

Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts Ts

SiO2 48.18 48.99 49.37 47.78 46.22 46.42 47.07 46.58 45.27 42.30 48.51 48.65 49.20 49.10 49.02 47.52 46.80 48.16 44.66
TiO2 0.11 0.05 0.08 0.12 0.13 0.14 0.09 0.13 0.09 0.07 0.12 0.16 0.11 0.14 0.16 0.13 0.11 0.14 0.05
Al2O3 11.58 10.88 10.04 12.10 14.09 13.99 13.54 12.86 14.90 18.63 11.85 11.65 11.54 11.28 11.50 13.18 13.16 11.63 16.13
Cr2O3 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 0.00 0.00 0.01 0.02
FeO* 8.84 9.04 8.53 7.48 8.08 7.60 6.53 8.48 9.97 9.51 8.24 5.84 5.29 6.22 5.18 6.41 7.44 6.35 9.94
MnO 0.16 0.15 0.19 0.17 0.18 0.20 0.07 0.12 0.20 0.06 0.14 0.04 0.03 0.06 0.07 0.11 0.08 0.03 0.21
MgO 15.58 15.93 16.28 16.27 15.43 15.77 16.41 15.46 13.81 8.96 15.87 17.56 18.27 17.61 18.15 16.77 15.98 17.43 13.34
CaO 11.68 11.65 11.50 11.62 10.94 11.61 11.68 11.62 11.38 15.92 11.50 11.68 11.94 11.81 11.79 11.62 11.59 11.42 11.15
Na2O 1.52 1.29 1.24 1.55 1.65 1.65 1.79 1.75 1.85 0.98 1.41 1.62 1.60 1.53 1.54 1.78 1.69 1.49 1.96
K2O 0.10 0.09 0.09 0.14 0.14 0.16 0.14 0.15 0.13 0.10 0.15 0.16 0.15 0.14 0.13 0.14 0.14 0.13 0.17
Total 97.76 98.10 97.33 97.24 96.86 97.52 97.30 97.14 97.59 96.53 97.77 97.35 98.12 97.89 97.54 97.66 96.99 96.78 97.63

O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23

Si 6.76 6.82 6.91 6.69 6.47 6.49 6.57 6.58 6.40 6.42 6.76 6.76 6.85 6.79 6.86 6.60 6.58 6.83 6.30
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01
AlIV 1.24 1.18 1.09 1.31 1.53 1.51 1.43 1.42 1.60 1.58 1.24 1.24 1.15 1.21 1.14 1.40 1.42 1.17 1.70
AlVI 0.67 0.61 0.57 0.69 0.80 0.79 0.80 0.72 0.88 1.75 0.71 0.66 0.75 0.63 0.76 0.76 0.76 0.77 0.99
Cr 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 0.00
Fe3+ 0.60 0.71 0.69 0.66 0.94 0.75 0.60 0.66 0.73 1.67 0.66 0.61 0.61 0.62 0.63 0.66 0.67 0.80 0.75
Fe2+ 0.43 0.35 0.31 0.22 0.00 0.14 0.16 0.34 0.45 2.87 0.30 0.07 0.00 0.10 0.00 0.09 0.20 0.00 0.42
Mn 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.03
Mg 3.26 3.31 3.40 3.40 3.22 3.28 3.42 3.25 2.91 2.03 3.30 3.64 3.79 3.63 3.79 3.47 3.35 3.69 2.81
Ca 1.76 1.74 1.73 1.74 1.64 1.74 1.75 1.76 1.72 2.59 1.72 1.74 1.78 1.75 1.77 1.73 1.74 1.74 1.69
NaB 0.24 0.26 0.27 0.26 0.36 0.26 0.25 0.24 0.28 0.00 0.28 0.26 0.04 0.25 0.05 0.27 0.26 0.03 0.31
NaA 0.17 0.09 0.06 0.16 0.09 0.18 0.23 0.24 0.23 0.29 0.10 0.17 0.39 0.16 0.37 0.21 0.20 0.38 0.22
K 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.02 0.03
Total 15.19 15.10 15.08 15.19 15.12 15.21 15.26 15.26 15.25 15.89 15.12 15.20 15.41 15.18 15.42 15.23 15.23 15.45 15.26

X Mg 0.88 0.91 0.92 0.94 1.00 0.96 0.96 0.90 0.87 0.41 0.92 0.98 1.00 0.97 1.00 0.98 0.94 1.00 0.87
*Total Fe as FeO
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Mode
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Mode
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