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Modes of occurrence and chemical compositions of garnets from the Seba pelitic schists

in the Sambagawa metamorphic belt, central Shikoku, Japan

Md. Fazle Kabir* and Akira Takasu*

Abstract

The Seba area is situated in the central part of the Besshi district of central Shikoku, and is composed of the Sebadani
metagabbro mass and surrounding Seba basic schists. Eclogitic assemblages are sporadically preserved in both the
Sebadani metagabbro and the Seba basic schists. The Sebadani metagabbro mass is surrounded by the Seba basic schists
and a thin layers of pelitic schists and siliceous schists intercalated elsewhere within the Seba eclogitic basic schists. Pelitic
schists consist mainly of garnet, omphacite, phengite, chlorite, and quartz, along with small amounts of epidote, amphi-
boles (sodic, sodic-calcic and calcic-amphibole), albite, biotite and carbonaceous matter. Rutile, titanite, calcite, chloritoid,
K-feldspar, tourmaline apatite and zircon are occasionally present as accessory minerals. The garnets in the Seba pelitic
schists exhibit three modes of occurrence. Garnet 1 (Grt 1) occurs as porphyroblasts in the matrix, garnet 2 (Grt 2) showing
composite zoning occurs adjacent to the Sebadani metagabbro contact, and garnet 3 (Grt 3) is found as fine grains in the
matrix. The mineral assemblage of inclusions in the cores and rims of the Grt 1 garnets suggests a prograde path of eclogitic
metamorphism from the epidote blueschist facies, through the epidote amphibolite facies, to the eclogite facies. The cores
of the composite zoned garnets (Grt2) underwent the same eclogite facies metamorphism with the Grt 1 garnets, which
is correlated with the second high-pressure metamorphic event of the Onodani eclogite. The rims of the Grt2 garnets
probably underwent another eclogite facies metamorphism. Fine-grained garnets in the matrix (Grt3) probably record

similar P-T histories as the rims of the Grt 2 garnets.
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Introduction

Compositional zoning of garnet provides important
information about the metamorphic history of certain rocks.
Growth zoning records P-T variations for prograde meta-
morphism (Spear et al., 1984), whereas diffusive zoning
can be applied to estimate unroofing rates (Lasaga, 1983).
The chemical zoning of garnets in the Sambagawa
metamorphic belt generally shows normal zoning, with
decreasing MnO content from core to rim (e.g. Takasu,
1984; Sakai et al., 1985; Banno et al., 1986). However,
different types of garnet zoning have been reported from the
Sambagawa metamorphic belt in central Shikoku, including
reverse zoning (e.g. Itaya, 1978; Takasu, 1979, 1984;
Higashino et al., 1981), resorption-overgrowth (e.g. Takasu,
1986; Takasu and Fujita, 1994), and sector zoning (e.g.
Takasu and Kondo, 1993; Kitamura et al., 1993; Shirahata
and Hirajima, 1995).

The Sambagawa high-P/T metamorphic belt stretches
throughout southwestern Japan over a length of ~ 800 km.
The Sambagawa rocks represent the deepest exposed part of
the Mesozoic accretionary complexes. The type of metamor-
phism was classified as high-pressure intermediate facies
series by Miyashiro (1973), and formed in a subduction-zone
setting (e.g., Takasu et al., 1994; Wallis, 1998). The
dominant rock types within the belt are pelitic, psammitic,
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siliceous and basic schists that were derived from sedimen-
tary rocks, and basaltic lavas and their derivatives. All have
undergone regional high-P/T metamorphism in a subduction
environment.

The Sambagawa belt exposed in central Shikoku consists
of the Oboke nappe complex and the structurally overlying
Besshi nappe complex. The Oboke nappe complex consists of
low-grade psammitic and pelitic schists with minor amounts
of basic, siliceous and conglomeratic schists, whereas the
Besshi nappe complex is dominated by pelitic schists with
intercalated basic schists, and minor amounts of siliceous
and calcareous schists. The ages of the peak metamorphism
of the Oboke and the Besshi nappe complexes are 77-70 Ma
and 100-90 Ma, respectively (Takasu and Dallmeyer, 1990).
In the Besshi district the metamorphism is divided into four
zones based on index minerals in the pelitic schists (e.g.
Higashino, 1975, 1990; Enami, 1983). These are the chlorite
(300-360°C, 5.5-6.5kbar), garnet (425-470°C, 7-8.5kbar),
albite-biotite (470-590°C, 8-9.5 kbar) and oligoclase-biotite
zones (585-635°C, 9-11 kbar) (Fig. 1; Enami, 1983; Enami
etal., 1994).

A number of eclogite-bearing bodies are scattered
throughout the albite and the oligoclase biotite zones in the
high-grade portions of the metamorphic sequence in the
Besshi district (e.g. Banno et al., 1976; Takasu, 1984, 1989;
Kunugiza et al., 1986, Aoya, 2001; Ota et al., 2004, Kabir
and Takasu, 2010a, b) (Fig. 1). Eclogites occur in the Besshi
district, mainly within block-like bodies of varying size and
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lithology (Kunugiza et al., 1986; Takasu, 1989; Takasu ez al.,
1994). The P-T conditions estimated for the eclogite-bearing
bodies are distinct from those of surrounding Sambagawa
schists, and show variable P-T histories (Takasu, 1989).

The Seba area in the central part of the Besshi district is
composed of the Sebadani metagabbro mass and surround-
ing Seba basic schists (Takasu and Makino, 1980; Takasu,
1984). Eclogitic mineral assemblages are sporadically
preserved in both the Sebadani metagabbro and the Seba
basic schists (Naohara and Aoya, 1997; Aoya, 2001). The
Sebadani metagabbro mass is surrounded by the Seba basic
schists and a thin layers of pelitic schists. The Sebadani
metagabbro is considered to have undergone eclogite-facies
metamorphism at conditions of 720-750°C and 12-24 kbar
(Takasu, 1984). The Onodani eclogites preserved within the
Seba basic schists have a complex metamorphic history,
undergoing three different metamorphic episodes during
multiple burial and exhumation cycles (Kabir and Takasu,
2010a). The pelitic schists intercalated within the Seba
eclogitic basic schists also underwent eclogite facies
metamorphism of 520-550°C and c¢. 18kbar (Zaw Win
Ko et al., 2005, Kouketsu et al., 2010). As a consequence
of this complex metamorphic history, garnets in the Seba
pelitic schists exhibit a diversity of modes of occurrence and
variable chemical compositions.

In this study we describe the modes of occurrence and
chemistry of zoned garnets in the Seba pelitic schists. The

mineral abbreviations used in the text, tables, and figures
follow Whitney and Evans (2010).

Petrography and mode of occurrence of garnets

The pelitic schists intercalated within the Seba eclogitic
basic schists consist mainly of garnet, omphacite, phengite,
chlorite and quartz, with small amounts of epidote, amphi-
boles (sodic, sodic-calcic and calcic-amphibole), albite,
biotite and carbonaceous matter. Rutile, titanite, calcite,
chloritoid, K-feldspar, tourmaline, apatite and zircon are
occasionally present as accessory minerals. A schistosity is
defined by preferred orientation of coarse-grained phengite
(<3.5 mm).

Garnets in the Seba pelitic schists have three distinct modes
of occurrence. Garnet1 (Grtl) occurs as porphyroblasts
in the matrix, garnet2 (Grt2) exhibiting composite zoning
occurs adjacent to contact with the Sebadani metagabbro,
and garnet3 (Grt3) is found as fine grains in the matrix.
Garnet porphyroblasts in the matrix (Grt 1) occur as euhe-
dral to subhedral porphyroblastic grains up to 3 mm across
(Fig.2), optically zoned from pale orange-colored cores
to colorless rims (Fig.2b). Inclusion trails within these
porphyroblastic garnets commonly show orientation parallel
to the matrix schistosity; however, they also occasionally show
sigmoidal pattern (Fig. 2c). Their cores contain inclusions of
sodic / sodic-calcic/ calcic-amphibole (glaucophane, taramite,
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Fig. 1. Geological and metamorphic zonal 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, 2010a). SB, Sebadani metagabbro mass; SEB, Seba basic schists, TN, Tonaru metagabbro
mass; WI, Western Iratsu mass; EI, Eastern Iratsu mass; HA, Higashi-akaishi peridotite mass; QE, Quartz eclogite mass; HE,
Hornblende eclogite mass; NB, Nikubuchi peridotite mass; GZ, Gazo eclogite mass; MTL, Median Tectonic Line.
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Mg-taramite, Mg-hornblende, Mg-hastingsite and pargasite),
muscovite, paragonite, epidote, chlorite and titanite (Fig. 2d-e),
whereas their rim contain inclusions of epidote, chlorite,
sodic-calcic amphibole (barroisite, Fe-barroisite and kato-
phorite), phengite, paragonite, rutile, titanite, K-feldspar
(Or>0.98), tourmaline and quartz (Kabir and Takasu, 2009).
The rims also contain polyphase inclusions of barroisite +
epidote + paragonite; barroisite / katophorite + epidote +
phengite + paragonite + albite + chlorite; Fe-barroisite +
epidote + chlorite + biotite; epidote + phengite + barroisite +
albite + chlorite, barroisite/katophorite + phengite + chlorite
and phengite + epidote + chlorite + K-feldspar (Kabir and
Takasu, 2009). Porphyroblastic garnets are partly replaced
by chlorite and biotite (Fig. 3a-b).

Some garnets in the matrix within pelitic schists adjacent
to the Sebadani metagabbro contact occur as euhedral
to subhedral porphyroblastic grains up to 5mm across
(Grt2). The composite zoning of this garnet type has
previously been described by Takasu (1986) (Fig.3c-f).
Two zones (core and rim) were identified based on their
texture and chemical composition. The core of Grt2
garnets contain inclusions of omphacite (Jd 29-57 mol%;
Aeg 0-21 mol%), epidote (Ps 3-26), Na-Ca/Ca-amphiboles
(barroisite, Mg-taramite, Mg-hornblende, tschermakite, par-
gasite, actinolite), phengite (Si 6.53-7.27 pfu), paragonite,
chloritoid (Xy, 0.15-0.19), albite (An<3), quartz, titanite,
ilmenite and carbonaceous matter (Kabir and Takasu,
2011). The cores of Grt2 garnets also contain polyphase
inclusions of Mg-hornblende + epidote + titanite + quartz,
omphacite +Mg-hornblende,epidote + albite + calcite + chlo-
rite, epidote + paragonite, chloritoid + paragonite + ilmenite
and aggregates of Mg-hornblende+quartz (Fig.3d-f).
Their rims contain inclusions of phengite (Si 6.51-6.72
pfu), epidote (Ps 4-28), Na-Ca/Ca-amphiboles (barroisite,
Mg-hornblende, tschermakite, pargasite), albite (An<4),
rutile, titanite, ilmenite, quartz and carbonaceous matter,
and also symplectitic aggregates of barroisite +albite and
Mg-hornblende + albite (Fig. 3d-f).

Fine grained garnets (Grt3) found in the matrix occur as
euhedral to subhedral grains up to 0.3 mm across (Figs. 3c
and f). They mostly lack inclusions.

Omphacite (X;4 0.26-0.39) occurs in the matrix as anhedral
relict crystals up to 0.2 mm across, and is mostly replaced
by aggregates of chlorites. Amphiboles occur in the matrix
as subhedral to anhedral prismatic grains up to 2 mm long,
some of which are zoned from barroisite and Mg-katophorite
cores to Mg-hornblende rims. Rutile is found as inclusions
in the rims of the porphyroblastic garnets (Grt 1), but also
occurs as discrete grains. Rutile in the matrix is mostly
rimmed by titanite (Fig.2c). Titanite occurs as inclusions
in the cores and rims of Grt 1 garnets as discrete grains, but
some is also present in the matrix (Fig. 2c). Phengite in the
matrix occurs as euhedral to subhedral grains up to 2mm
across, some of which are rimmed by biotite.

Garnet Chemistry

Chemical composition and compositional zoning of
the garnets in the Seba pelitic schists were investigated in
Shimane University, using JEOL JXA 8800M and 8530F
electron microprobe analyzers. Analytical conditions used
for quantitative analysis were 15kV accelerating potential,
20nA specimen current, and 5um beam diameter. Condi-
tions for color map analysis were probe current 2.5E-08,
dwell time 80msec, numbers of pixels X:600, Y:600,
and pixel size (um) X:2.20, Y:2.20. Correction procedure
was carried out as described by Bence and Albee (1968).
Ferric iron contents in garnet were estimated using charge
balance Fe*"=8-2Si-2Ti-Al (O=12). Na (<0.09 wt%), K
(<0.07 wt%) and Cr (<0.05 wt%) contents are negligible.

The porphyroblastic garnets (Grt 1) have almandine-rich
composition (X, 0.48-0.65), with variable amounts of
the grossular (Xg,, 0.17-0.36), spessartine (Xs,s 0-0.32) and
pyrope (Xp, 0.01-0.13) components. Three zones (core,
mantle and rim) were identified based on chemical compo-
sition (Table 1; Figs. 4a, 5a). The mantles and rims defined
by the chemistry correspond to the rims identified optically.
The garnets show prograde zoning, with Xs,, decreasing
sharply from the core to the mantle (0.28-0.05), and gently
decreasing toward the rim (0.05-0.01) (Fig.5a-c). X
increases from the core to the mantle (0.18-0.35), albeit with
some fluctuation, and then decreases to the rim (0.35-0.27).
Pyrope contents increase gently from core to rim (Xp,, 0.02-
0.10).

Composite zoned garnets (Grt2) exhibit resorption
between the core and the rim (Figs. 3d-f, 4b and 5d-f). The
cores of these garnets are characterized by a zoning showing
decreasing X, (0.28-0.01), and increasing Xp,, (0.03-0.14)
and Xg, (0.06-0.24), with some fluctuation, and increase and
then decrease of Xy, (0.56-0.67 to 0.58) from the core toward
the core-rim boundary. Composition changes abruptly at the
boundary between the core and the rim (Fig. 4b). The rims
of Grt2 garnets also show prograde zoning, with increase
and then decrease of X, (0.62-0.68-0.58), decrease of X,
(0.13-0.01) and Xp,, (0.05-0.13), and increase of Xg, (0.13-
0.28 pfu) towards the outermost rims. The compositions
of the cores of the Grt2 garnets correspond to those of the
single-zoned porphyroblastic garnets (Grt 1).

The compositional zoning of the fine-grained garnets
(Grt3) in the matrix is similar to that of the rims of
composite-zoned garnet (Grt2). Matrix garnets show growth
zoning, with decreasing Xs,, (0.07-0.01) and increasing
Xaim (0.57-0.67), Xg.s (0.24-0.61) and Xp,, (0.04-0.13) from
core to rim.

Discussion and Conclusions

The variety of the modes of occurrence and wide range of
chemical compositions of the garnets (Grt 1-3) in the Seba
pelitic schist suggest a variety of equilibrium metamorphic
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Fig. 2. Photomicrographs and backscattered electron images showing textural relationships of minerals in the Seba pelitic schists. (a) Garnet
(Grt 1) and omphacite, amphibole (barroisite), phengite, epidote and quartz in the matrix of the Seba pelitic schists. (b-c) Matrix porphyroblas-
tic garnet (Grt 1) and other matrix minerals (barroisitic amphibole phengite, rutile, titanite and quartz). (d) Garnet (Grt 1) containing inclusions
of taramitic amphibole, epidote, titanite and chlorite. (¢) Matrix garnet (Grt 1) containing inclusions of barroisitic amphiboles and epidote.
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Fig. 3. Photomicrographs and backscattered electron images of the Seba pelitic schists. (a-b) Garnet (Grt 1) partly replaced by chlorite and biotite.

Actinolite and albite symplectites after omphacite occur in the matrix (b). (c) Composite-zoned matrix porphyroblastic garnet (Grt 2) and fine-grained

garnet (Grt 3) with other matrix minerals (barroisitic amphibole and phengite). (d-f) Composite-zoned porphyroblastic garnet (Grt 2) and fine-grained
garnet (Grt 3) and inclusion minerals within the garnet cores and rims.
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Fig. 4. Elemental color map (Mg, Fe, Ca and Mn) of a garnet (Grt 1) in the matrix showing continuous com-
positional zoning consisting of a Mn-rich core (X5, 0.32), Ca-rich mantle and Fe?"-Mg-rich rim (a), and a
garnet (Grt 2) in the matrix showing discontinuous compositional zoning, consisting of Mn enrichments in
the core (Xsys 0.28), and the boundary between the core and rim (X, 0.13) (b).
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P-T conditions. The textures of the minerals, chemical
compositions, and thermobarometry suggest two different
metamorphic events are represented by the zoning of the
garnets (Grt 1-3), i.e. a first high-pressure metamorphic event,
and a second high-pressure metamorphic event.

The mineral assemblages in the cores and rims of the
Grt 1 garnets in the pelitic schists reveal a prograde path of
eclogitic metamorphism from the epidote blueschist facies,
through the epidote amphibolite facies, to the eclogite facies,
during the first high-pressure metamorphic event. The
peak metamorphic conditions are estimated as 615-660°C
and 18.5-22kbar from the schistosity forming minerals
(Kabir and Takasu, 2009), which are correlated with the
second high-pressure metamorphic event (Kabir and Takasu,
2010a).

The cores of the composite-zoned garnets (Grt2) corre-
spond to the zoning profile of the garnet porphyroblasts in
the matrix (Grt 1). This suggests that the cores of the complex
zoned garnets record the same eclogite facies metamorphism
as the Grt 1 garnets. The rims of the Grt 2 garnets also shows
a growth zoning, and probably record another eclogite facies
metamorphism (Takasu, 1986). Fine-grained garnets in the
matrix (Grt 3) show similar compositional zoning as the rims
of the Grt 2 garnets, suggesting a similar P-7 history.

The Onodani area is located near the Seba area in the
Besshi district, and eclogite localities in both areas are
situated within the same basic schist unit (e.g. Takasu and
Makino, 1980). The Onodani eclogites experienced three
episodes of prograde metamorphism (Kabir and Takasu,
2010a). The first eclogite facies metamorphism is deduced
from the minerals preserved in the spessartine-rich cores of
the porphyroblastic garnets (530-590°C and 19-21 kbar),
whereas the second high-pressure metamorphic event
(eclogite facies) is deduced from the schistosity forming
mineral assemblages (630-680°C and 20-22 kbar). The third
high-pressure metamorphism of the epidote-amphibolite
facies is identified from amphibole-rich veins or randomly
oriented amphiboles (540-600°C and 6.5-8 kbar). The eclogite
facies high-pressure metamorphic events are correlative with
the second high-pressure metamorphisms of the Onodani
eclogites.
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Table 1. Representative chemical compositions of garnets from the Seba pelitic schists.

Sample S 060301
Analysis 13 32 35 68 111 119 3 4 6 10 11 13 14 18 19 20 21 22 23
Mode Grt 1 Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl Grtl Grtl  Grtl  Grtl Grtl  Grtl  Grtl  Grtl
Core — — — — — — — — — — — —
SiO, 3776  38.05 38.04 37.05 3731 3655 37.77 37.82 38.14 3745 3644 36.82 36.66 3630 3638 3658 36.72 36.74 38.12
TiO, 0.10 0.10 0.10 0.14 0.08 0.15 0.17 0.23 0.14 0.15 0.17 0.13 0.19 0.16 0.12 0.20 0.16 0.10 0.18
ALO, 2129 2124 2129 2141 2151 2131 2138 2135 2133 2134 2130 21.05 2141 2125 2126 2148 2148 2141 2132
FeO* 29.01 27.14 2773 27.67 2739 2757 2813 2821 2797 2822 2769 2796 2819 2842 2852 28.05 28.61 28.09 2851
MnO 0.86 1.98 1.60 1.41 1.38 1.93 2.70 2.60 2.17 2.11 227 2.11 2.06 1.91 2.18 2.28 2.13 2.00 1.45
MgO 238 1.73 1.75 2.72 2.74 1.86 1.69 1.75 1.62 1.78 1.71 1.77 1.76 1.80 1.79 1.74 1.85 1.86 1.93
CaO 8.81 10.00  10.01 9.33 9.12 9.77 9.46 9.09 9.71 9.42 9.86 9.40 9.59 9.67 9.59 9.63 9.42 9.53 9.75
Total 100.21  100.23 100.52  99.73  99.52 99.14 101.29 101.05 101.08 10047 99.44 99.25 99.86 99.50 99.84 99.94 100.37 99.72 101.26
Cations on the basis of 12 oxygens
Si 299 3.02 3.01 2.94 297 2.93 2.98 2.99 3.01 297 292 2.96 2.93 291 291 2.92 2.92 2.93 3.00
Ti 0.01 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 0.01 0.01 0.01 0.01
Al 1.99 1.99 1.99 2.00 2.01 2.01 1.98 1.99 1.98 2.00 2.01 1.99 2.01 2.01 2.00 2.02 2.01 2.01 1.97
Fe’" 0.01 0.00 0.00 0.10 0.04 0.10 0.05 0.01 0.00 0.05 0.13 0.08 0.11 0.16 0.17 0.13 0.14 0.11 0.01
Fe*” 1.91 1.80 1.84 1.74 1.78 1.75 1.81 1.85 1.84 1.83 1.73 1.80 1.77 1.74 1.73 1.74 1.76 1.77 1.86
Mn 0.06 0.13 0.11 0.10 0.09 0.13 0.18 0.17 0.14 0.14 0.15 0.14 0.14 0.13 0.15 0.15 0.14 0.13 0.10
Mg 0.28 0.20 0.21 0.32 0.32 0.22 0.20 0.21 0.19 0.21 0.20 0.21 0.21 0.21 0.21 0.21 0.22 0.22 0.23
Ca 0.75 0.85 0.85 0.79 0.78 0.84 0.80 0.77 0.82 0.80 0.85 0.81 0.82 0.83 0.82 0.82 0.80 0.82 0.82
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xpm 0.09 0.07 0.07 0.11 0.11 0.08 0.07 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08
X Alm 0.64 0.60 0.61 0.59 0.60 0.59 0.61 0.62 0.61 0.61 0.59 0.61 0.60 0.60 0.59 0.60 0.60 0.60 0.62
X Grs 0.25 0.28 0.28 0.27 0.26 0.29 0.27 0.26 0.27 0.27 0.29 0.27 0.28 0.28 0.28 0.28 0.27 0.28 0.27
ﬁﬁ 0.02 0.04 0.04 0.03 0.03 0.04 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.03
*Total Fe as FeO
Sample S 060301
Analysis 24 25 27 28 29 32 33 34 40 41 42 43 44 45 46 47 48 49 21
Mode Grt 1 Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl Grtl Grtl  Grtl Grtl Grtl  Grtl  Grtl  Grtl
— — — — — — — — — — — — — — — — — Rim
SiO, 37.57 37.80 37.92 3788 3792 3819 3810 3827 3721 3747 37.15 3743 3742 3673 3720 3743 3740 3755 37.11
TiO, 0.09 0.19 0.12 0.14 0.14 0.17 0.20 0.18 0.11 0.14 0.07 0.08 0.10 0.06 0.08 0.10 0.14 0.12 0.11
ALO; 2146  21.61 2139 2145 2141 2135 2140 2140 2180 2146 21.79 21.68 2194 21.73 21.61 21.69 2143 2155 1924
FeO* 29.07 2894 28.67 29.10 2924 2861 29.12 2836 2850 2842 2895 2890 28.87 28.82 2837 2730 2734 28.18 28.14
MnO 1.46 1.21 1.17 1.21 0.98 1.12 1.07 0.91 1.02 1.03 1.05 1.04 1.30 1.44 1.55 1.60 1.61 1.53 1.16
MgO 2.05 2.14 2.00 2.07 2.17 2.10 2.09 2.15 2.54 2.56 277 2.75 2.84 2.83 278 2.67 2.66 2.70 7.15
CaO 9.17 9.39  10.12 9.33 9.30 9.62 9.05 9.71 9.40 9.03 8.64 8.43 8.70 8.65 9.23 9.75 9.92 9.57 6.98
Total 100.87 101.29 101.38 101.17 101.15 101.15 101.02 100.98 100.57 100.11 100.43 100.29 101.16 100.25 100.83 100.54 100.49 101.20  99.88
Cations on the basis of 12 oxygens
Si 297 297 297 2.98 2.98 3.00 3.00 3.01 2.93 297 293 2.96 2.93 2.90 2.92 2.95 2.95 2.94 2.90
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01
Al 2.00 2.00 1.98 1.99 1.98 1.98 1.99 1.98 2.02 2.00 2.03 2.02 2.02 2.02 2.00 2.01 1.99 1.99 1.77
Fe’" 0.06 0.04 0.06 0.04 0.03 0.00 0.00 0.00 0.10 0.04 0.10 0.05 0.10 0.16 0.14 0.09 0.10 0.12 0.43
Fe*” 1.86 1.86 1.82 1.88 1.89 1.88 1.92 1.87 1.78 1.84 1.81 1.86 1.79 1.74 1.72 1.71 1.70 1.73 1.41
Mn 0.10 0.08 0.08 0.08 0.06 0.07 0.07 0.06 0.07 0.07 0.07 0.07 0.09 0.10 0.10 0.11 0.11 0.10 0.08
Mg 0.24 0.25 0.23 0.24 0.25 0.25 0.24 0.25 0.30 0.30 0.33 0.32 0.33 0.33 0.33 0.31 0.31 0.32 0.83
Ca 0.78 0.79 0.85 0.79 0.78 0.81 0.76 0.82 0.79 0.77 0.73 0.71 0.73 0.73 0.78 0.82 0.84 0.80 0.58
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xprp 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.29
X Alm 0.62 0.62 0.61 0.63 0.63 0.62 0.64 0.62 0.61 0.62 0.62 0.63 0.61 0.60 0.59 0.58 0.57 0.59 0.49
X Grs 0.26 0.27 0.29 0.26 0.26 0.27 0.25 0.27 0.27 0.26 0.25 0.24 0.25 0.25 0.27 0.28 0.28 0.27 0.20
Xsps 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.04 0.04 0.04 0.03 0.03
*Total Fe as FeO
Sample S 060301 S 08060101
Analysis 2 3 8 58 2 22 2 1 25 55 58 61 63 70 71 77 85 1 2
Mode Grt 3 Grt 3 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl Grtl Grtl  Grtl Grtl Grtl  Grtl  Grtl  Grtl
Core Rim Core —
SiO, 37.65 37.88  36.65 3736 3846 3858 3733 3879 3926 39.15 3881 3891 39.03 3790 3920 38.65 39.17 3755 3738
TiO, 0.10 0.12 0.20 0.22 0.05 0.08 0.13 0.13 0.08 0.07 0.13 0.07 0.08 0.12 0.04 0.11 0.08 0.20 0.08
ALO; 20.51 20.73 2053 20.87 21.37 2159 2054 2098 21.77 2128 2144 21.62 2133 20.77 2148 2138 21.60 20.78 20.83
FeO* 26.66  28.80 29.57 2648 26.15 2498 2575 2630 2592 2716 2792 27.08 2600 2506 2485 2586 2585 2266 2323
MnO 3.19 0.59 0.87 1.24 0.43 0.64 5.83 0.55 0.75 0.78 0.61 0.50 0.56 8.16 0.82 0.34 030 12.83 13.94
MgO 1.28 243 2.08 1.27 1.79 2.90 0.89 2.54 2.41 277 248 2.76 2.74 0.59 2.85 1.51 3.21 0.48 0.37
CaO 11.09 9.12 9.69 12.10 12.58 10.93 8.98 10.52  10.65 9.91 9.93 9.95 11.10 838 1124 1243 10.28 6.95 5.47
Total 100.49  99.66  99.59  99.53 100.83 99.69 99.44 99.81 100.83 101.13 101.31 100.89 100.84 100.98 100.48 100.27 100.49 101.45 101.29
Cations on the basis of 12 oxygens
Si 299 3.02 2.93 2.98 3.01 3.04 3.02 3.07 3.07 3.06 3.03 3.04 3.05 3.03 3.06 3.05 3.06 3.00 3.00
Ti 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Al 1.92 1.95 1.94 1.96 1.97 2.00 1.96 1.96 2.01 1.96 1.97 1.99 1.96 1.95 1.98 1.99 1.99 1.96 1.97
Fe’" 0.08 0.00 0.17 0.04 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 0.02
Fe*” 1.69 1.92 1.81 1.73 1.71 1.65 1.74 1.74 1.70 1.77 1.82 1.77 1.70 1.67 1.62 1.71 1.69 1.49 1.54
Mn 0.21 0.04 0.06 0.08 0.03 0.04 0.40 0.04 0.05 0.05 0.04 0.03 0.04 0.55 0.05 0.02 0.02 0.87 0.95
Mg 0.15 0.29 0.25 0.15 0.21 0.34 0.11 0.30 0.28 0.32 0.29 0.32 0.32 0.07 0.33 0.18 0.37 0.06 0.04
Ca 0.94 0.78 0.83 1.04 1.06 0.92 0.78 0.89 0.89 0.83 0.83 0.83 0.93 0.72 0.94 1.05 0.86 0.59 0.47
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xpmp 0.05 0.10 0.08 0.05 0.07 0.12 0.04 0.10 0.10 0.11 0.10 0.11 0.11 0.02 0.11 0.06 0.13 0.02 0.01
X Alm 0.56 0.63 0.61 0.58 0.57 0.56 0.58 0.59 0.58 0.60 0.61 0.60 0.57 0.56 0.55 0.58 0.57 0.50 0.51
X s 0.31 0.26 0.28 0.35 0.35 0.31 0.26 0.30 0.31 0.28 0.28 0.28 0.31 0.24 0.32 0.36 0.29 0.20 0.16
Xsps 0.07 0.01 0.02 0.03 0.01 0.01 0.13 0.01 0.02 0.02 0.01 0.01 0.01 0.18 0.02 0.01 0.01 0.29 0.32

*Total Fe as FeO
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Table 1. (continued)

Sample S 08060101
Analysis 3 4 5 8 9 10 11 12 13 14 15 18 19 20 22 23 24 25 26
Mode Grt 1 Grt 1 Grtl Grtl Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl

— — — — — — — — — — — — — — — — — — —
SiO, 37.63 3734 3737 3740 37.83 37.84 3772 3773 3771 3791 3824 37.99 3815 3812 38.14 38.06 3823 38.18 38.14
TiO, 0.17 0.13 0.19 0.13 0.17 0.18 0.11 0.13 0.08 0.09 0.12 0.09 0.11 0.15 0.08 0.11 0.08 0.07 0.11
ALO; 20.64 2048 20.69 20.85 20.74 2071 20.73 20.66 20.62  20.74 2082 20.75 20.84 2096 20.93 2089 21.04 21.03 21.03
FeO* 2232 2193 2210 2336 2403 23.67 2548 2602 2588 26.79 2666 2839 28.64 2937 27.99 2751 27.18 2743 2733
MnO 1290 1327 1327 1134 1017 9.14 8.63 8.13 7.23 6.31 5.75 2.58 2.03 1.68 1.83 1.79 1.25 1.02 0.82
MgO 0.39 0.43 0.43 0.49 0.47 0.47 0.56 0.54 0.55 0.59 0.63 1.19 0.85 0.89 0.96 0.94 1.00 1.07 1.13
CaO 6.72 6.67 6.93 6.90 7.50 8.32 8.06 7.84 8.16 8.76 9.11 9.36 9.82 9.85 10.57 10.87 11.27 11.17 11.33
Total 100.77 100.25 100.98 100.47 100.89 100.34 101.28 101.04 100.23 101.19 101.32 100.36 100.44 101.02 100.51 100.18 100.05 99.96  99.89
Cations on the basis of 12 oxygens
Si 3.03 3.02 3.00 3.01 3.03 3.04 3.01 3.02 3.04 3.02 3.04 3.03 3.04 3.03 3.03 3.03 3.04 3.04 3.04
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01
Al 1.96 1.95 1.96 1.98 1.96 1.96 1.95 1.95 1.96 1.95 1.95 1.95 1.96 1.96 1.96 1.96 1.98 1.98 1.98
Fe”' 0.00 0.00 0.02 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
Fe*' 1.50 1.48 1.46 1.57 1.61 1.59 1.68 1.74 1.74 1.78 1.77 1.89 1.91 1.95 1.86 1.83 1.81 1.83 1.82
Mn 0.88 091 0.90 0.77 0.69 0.62 0.58 0.55 0.49 0.43 0.39 0.17 0.14 0.11 0.12 0.12 0.08 0.07 0.06
Mg 0.05 0.05 0.05 0.06 0.06 0.06 0.07 0.06 0.07 0.07 0.07 0.14 0.10 0.11 0.11 0.11 0.12 0.13 0.13
Ca 0.58 0.58 0.60 0.60 0.64 0.72 0.69 0.67 0.70 0.75 0.78 0.80 0.84 0.84 0.90 0.93 0.96 0.95 0.97
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xy 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.05 0.03 0.04 0.04 0.04 0.04 0.04 0.04
X Alm 0.50 0.49 0.49 0.52 0.54 0.53 0.56 0.57 0.58 0.59 0.59 0.63 0.64 0.65 0.62 0.61 0.61 0.61 0.61
X Grs 0.19 0.19 0.20 0.20 0.21 0.24 0.23 0.22 0.23 0.25 0.26 0.27 0.28 0.28 0.30 0.31 0.32 0.32 0.32
ﬁl’.’ 0.29 0.30 0.30 0.26 0.23 0.21 0.19 0.18 0.16 0.14 0.13 0.06 0.05 0.04 0.04 0.04 0.03 0.02 0.02
*Total Fe as FeO
Sample S 08060101
Analysis 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Mode Grt 1 Grt 1 Grtl Grtl Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl

— — — — — — — — — — — — — — — — — — —
SiO, 3835 38.60 3846 3836 3845 3830 38.64 38.67 3873 3841 3879 3867 3825 3836 3850 38.63 3835 3829 38.66
TiO, 0.10 0.09 0.09 0.10 0.05 0.07 0.07 0.06 0.07 0.09 0.08 0.09 0.11 0.08 0.10 0.12 0.08 0.08 0.12
ALO; 21.41 2142 2117 2113 2121 2124  21.19 2132 2144 21.15 2143 2152 2136 2147 21.18 2127 21.54 21.69 21.17
FeO* 27.41 2735 2683 2691 2775 2631 2563 2588 2497 2555 2574 2627 2570 2584 25.09 2565 26.12 26.80 2682
MnO 0.71 0.62 0.70 0.70 0.58 0.40 0.34 0.28 0.32 0.31 0.26 0.35 0.31 0.49 0.97 0.83 0.57 0.49 0.33
MgO 1.24 1.24 1.35 1.36 1.32 1.37 1.36 1.35 1.50 1.49 1.55 1.55 1.57 1.64 1.82 1.93 1.88 1.86 2.03
CaO 11.23 11.96 11.74 12.00 1147 12.18 1294 13.00 13.13 12.84 1292 1241 12.71 1243 1240 1181 11.70 11.31 11.23
Total 100.44 101.27 100.34 100.56 100.84 99.85 100.17 100.56 100.16  99.84 100.76 100.87 100.01 100.30 100.05 100.22 100.23 100.53 100.36
Cations on the basis of 12 oxygens
Si 3.04 3.03 3.04 3.03 3.03 3.04 3.05 3.04 3.05 3.04 3.04 3.03 3.02 3.02 3.04 3.05 3.02 3.01 3.05
Ti 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01
Al 2.00 1.98 1.97 1.97 1.97 1.99 1.97 1.98 1.99 1.97 1.98 1.99 1.99 1.99 1.97 1.98 2.00 2.01 1.97
Fe”' 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
Fe*' 1.81 1.79 1.78 1.78 1.83 1.75 1.69 1.70 1.65 1.69 1.69 1.72 1.70 1.70 1.66 1.69 1.72 1.76 1.77
Mn 0.05 0.04 0.05 0.05 0.04 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.06 0.06 0.04 0.03 0.02
Mg 0.15 0.14 0.16 0.16 0.16 0.16 0.16 0.16 0.18 0.18 0.18 0.18 0.19 0.19 0.21 0.23 0.22 0.22 0.24
Ca 0.95 1.01 1.00 1.02 0.97 1.04 1.10 1.10 1.11 1.09 1.09 1.04 1.08 1.05 1.05 1.00 0.99 0.95 0.95
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xy 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.08 0.07 0.07 0.08
X Alm 0.61 0.60 0.60 0.59 0.61 0.59 0.57 0.57 0.56 0.57 0.57 0.58 0.57 0.57 0.56 0.57 0.58 0.59 0.59
X Grs 0.32 0.34 0.33 0.34 0.32 0.35 0.37 0.37 0.38 0.37 0.37 0.35 0.36 0.35 0.35 0.34 0.33 0.32 0.32
Xps 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01
*Total Fe as FeO
Sample S 08060101
Analysis 46 47 48 49 50 51 52 53 1 4 2 3 4 5 6 7 8 10 11
Mode Grt 1 Grt 1 Grtl Grtl Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl

— — — — — — — Rim Rim — — — — — — — —
SiO, 3860 3834 3849 3859 38.66 3837 3833 3855 37.58 3799 38.05 37.53 3790 38.06 37.65 37.77 37.61 37.66 37.38
TiO, 0.12 0.13 0.13 0.09 0.14 0.08 0.11 0.04 0.13 0.11 0.01 0.11 0.07 0.05 0.11 0.14 0.06 0.09 0.11
ALO; 2132 2120 2126 21.37 2127 2125 21.17 21.14 2115 2124 2156 2124 2182 21.64 21.15 21.16 21.17 2111 2143
FeO* 26.85  27.16 2795 27.82 2743 2730 2751 2752 27.58 2835 2534 2748 2572 2538 27.89 2749 27.88 27.68 27.39
MnO 0.38 0.39 0.31 0.20 0.28 0.26 0.23 0.29 0.74 0.74 0.97 0.32 1.13 0.98 0.37 0.42 0.45 0.23 0.43
MgO 2.08 2.08 2.15 2.38 2.31 2.31 2.34 2.42 1.50 1.65 2.68 2.04 2.65 2.77 2.26 2.15 2.18 2.07 2.16
CaO 10.70  10.83  10.60 1048 1031 1033 1022 10.07 12.15 11.14 1153 1040 11.51 11.70 10.51 10.66 10.08 10.73  10.55
Total 100.04 100.12  100.89 100.93 100.39 99.89 99.91 100.03 100.83 101.22 100.14 99.13 100.79 100.58 99.94 99.79 99.43  99.58  99.45
Cations on the basis of 12 oxygens
Si 3.05 3.03 3.02 3.02 3.05 3.04 3.04 3.05 2.96 2.98 2.99 3.00 2.96 2.98 2.98 3.00 3.00 3.00 2.98
Ti 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01
Al 1.99 1.98 1.97 1.97 1.98 1.98 1.98 1.97 1.96 1.97 2.00 2.00 2.01 1.99 1.98 1.98 1.99 1.98 2.01
Fe”' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.05 0.02 0.00 0.06 0.05 0.04 0.01 0.01 0.02 0.03
Fe*' 1.78 1.80 1.84 1.82 1.81 1.81 1.82 1.82 1.72 1.81 1.64 1.84 1.62 1.61 1.81 1.82 1.85 1.83 1.80
Mn 0.03 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.05 0.05 0.06 0.02 0.07 0.07 0.02 0.03 0.03 0.02 0.03
Mg 0.24 0.24 0.25 0.28 0.27 0.27 0.28 0.29 0.18 0.19 0.31 0.24 0.31 0.32 0.27 0.25 0.26 0.25 0.26
Ca 0.91 0.92 0.89 0.88 0.87 0.88 0.87 0.85 1.03 0.94 0.97 0.89 0.96 0.98 0.89 0.91 0.86 0.91 0.90
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xy 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.06 0.06 0.10 0.08 0.10 0.11 0.09 0.08 0.09 0.08 0.09
X Alm 0.60 0.60 0.61 0.61 0.61 0.61 0.61 0.61 0.58 0.61 0.55 0.61 0.55 0.54 0.60 0.60 0.62 0.61 0.60
X Grs 0.31 0.31 0.30 0.29 0.29 0.29 0.29 0.29 0.35 0.31 0.32 0.30 0.32 0.33 0.30 0.30 0.29 0.30 0.30
Xps 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.03 0.02 0.01 0.01 0.01 0.01 0.01

*Total Fe as FeO
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Table 1. (continued)

Sample
Analysis 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Mode Grt 1 Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl Grtl Grtl  Grtl  Grtl Grtl  Grtl  Grtl  Grtl

— — — — — Core — — — — — — — — — — — — —
SiO, 38.09 3826 38.00 37.80 37.99 37.74 3761 3749 37.78 37.77 3773 37.88 38.10 38.10 37.54 3824 3817 38.19 3853
TiO, 0.03 0.12 0.14 0.09 0.10 0.15 0.14 0.11 0.12 0.11 0.06 0.10 0.08 0.00 0.03 0.04 0.04 0.06 0.06
ALO; 21.63 2144 2128 21.14 21.19 21.32 2152 2124 2142 2106 2143 2150 2138 21.33 2124 21.60 2148 21.68 21.59
FeO* 2469 2472 2841 28.04 2833 27.70 2830 2775 2797 2747 28.67 2685 2566 2516 2580 2552 2543 2488 25.16
MnO 0.98 1.05 0.35 0.38 0.35 0.33 0.39 0.40 0.49 0.37 0.46 0.82 0.88 0.98 1.06 1.00 0.97 0.97 0.89
MgO 2.66 2.53 2.16 2.13 2.04 2.14 2.20 2.30 2.27 2.20 2.28 2.62 2.83 2.72 2.71 2.80 2.79 2.82 2.83
CaO 12.01 11.77 1021 1029 10.23 10.54 1048 10.51 10.35 1034 10.17 11.12 1136 1142 1126 1148 1128 1146 11.56
Total 100.10  99.88 100.55 99.87 100.22  99.90 100.63  99.81 100.39  99.32 100.81 100.89 100.29 99.71  99.64 100.69 100.15 100.05 100.63
Cations on the basis of 12 oxygens
Si 2.99 3.01 3.00 3.00 3.01 2.99 2.96 2.97 2.98 3.01 2.97 2.96 2.99 3.01 2.97 2.99 3.00 3.00 3.01
Ti 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 2.00 1.99 1.98 1.98 1.98 1.99 2.00 1.99 1.99 1.98 1.99 1.98 1.98 1.98 1.98 1.99 1.99 2.01 1.99
Fe' 0.01 0.00 0.01 0.01 0.00 0.00 0.06 0.05 0.03 0.00 0.07 0.08 0.03 0.00 0.08 0.03 0.01 0.00 0.00
Fe*' 1.61 1.63 1.87 1.85 1.88 1.83 1.80 1.79 1.81 1.83 1.82 1.68 1.65 1.65 1.62 1.64 1.66 1.63 1.64
Mn 0.07 0.07 0.02 0.03 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.05 0.06 0.07 0.07 0.07 0.06 0.06 0.06
Mg 0.31 0.30 0.25 0.25 0.24 0.25 0.26 0.27 0.27 0.26 0.27 0.31 0.33 0.32 0.32 0.33 0.33 0.33 0.33
Ca 1.01 0.99 0.86 0.88 0.87 0.90 0.88 0.89 0.87 0.88 0.86 0.93 0.95 0.97 0.95 0.96 0.95 0.96 0.97
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xy 0.10 0.10 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.11
X Alm 0.54 0.54 0.62 0.62 0.62 0.61 0.61 0.60 0.61 0.61 0.61 0.56 0.55 0.55 0.55 0.55 0.55 0.55 0.55
KXars 0.34 0.33 0.29 0.29 0.29 0.30 0.30 0.30 0.29 0.29 0.29 0.31 0.32 0.32 0.32 0.32 0.32 0.32 0.32
KNps 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
*Total Fe as FeO
Sample
Analysis 31 32 33 34 35 40 41 42 43 44 45 46 47 48 56 62 63 64 66
Mode Grt 1 Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl Grt 1 Grtl Grtl Grtl  Grtl  Grtl Grtl  Grtl  Grtl  Grtl

— — — — — — — — — — — — — Rim Rim — — — —
SiO, 3822 3797 3835 3802 3795 38.01 3808 37.81 37.88 37.83 38.02 3813 3798 3818 3751 37.68 37.61 3799 3735
TiO, 0.04 0.00 0.03 0.11 0.06 0.11 0.11 0.08 0.06 0.02 0.08 0.00 0.08 0.05 0.14 0.10 0.11 0.17 0.18
ALO; 21.86  21.61 2142 21.15 2130 21.32 2131 2142 2146 2162 2149 21.66 2144 2150 21.01 2122 2144 2135 2140
FeO* 26.54  27.00 27.57 2822 28.02 2837 2775 28.64 26.83 2681 2580 2622 2560 2537 2791 2786 28.14 2770 27.89
MnO 0.78 0.59 0.50 0.42 0.35 0.29 0.21 0.35 0.64 0.67 0.99 1.06 1.00 1.13 0.52 0.35 0.49 0.49 0.43
MgO 2.75 2.66 2.29 2.13 2.14 1.96 1.93 2.16 2.58 2.74 2.81 2.81 2.68 2.72 2.57 1.82 1.85 1.79 1.69
CaO 11.09 10.97 10.55 1032 10.71 10.54 10.75 10.29 10.81 1097 11.13 1096 11.65 11.58 9.94 1035 10.84 11.19 10.93
Total 101.27 100.80 100.72 100.37 100.53 100.60 100.13 100.74 100.26 100.66 100.32 100.83 100.43 100.53  99.60 99.39 100.49 100.68  99.87
Cations on the basis of 12 oxygens
Si 2.97 2.97 3.01 3.00 2.99 3.00 3.01 2.98 2.98 2.96 2.98 2.98 2.98 2.99 2.98 3.01 2.97 2.99 2.97
Ti 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Al 2.00 1.99 1.98 1.97 1.98 1.98 1.99 1.99 1.99 2.00 1.99 1.99 1.98 1.98 1.97 2.00 2.00 1.98 2.01
Fe' 0.04 0.06 0.00 0.01 0.03 0.01 0.00 0.05 0.04 0.08 0.03 0.05 0.05 0.03 0.05 0.00 0.05 0.01 0.03
Fe*' 1.68 1.70 1.81 1.86 1.82 1.86 1.84 1.84 1.73 1.68 1.66 1.66 1.62 1.63 1.80 1.86 1.81 1.82 1.82
Mn 0.05 0.04 0.03 0.03 0.02 0.02 0.01 0.02 0.04 0.04 0.07 0.07 0.07 0.07 0.04 0.02 0.03 0.03 0.03
Mg 0.32 0.31 0.27 0.25 0.25 0.23 0.23 0.25 0.30 0.32 0.33 0.33 0.31 0.32 0.30 0.22 0.22 0.21 0.20
Ca 0.92 0.92 0.89 0.87 0.90 0.89 0.91 0.87 0.91 0.92 0.94 0.92 0.98 0.97 0.85 0.89 0.92 0.95 0.93
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xy 0.11 0.10 0.09 0.08 0.08 0.08 0.08 0.08 0.10 0.11 0.11 0.11 0.11 0.11 0.10 0.07 0.07 0.07 0.07
X Alm 0.57 0.57 0.60 0.62 0.61 0.62 0.61 0.62 0.58 0.57 0.55 0.56 0.54 0.54 0.60 0.62 0.61 0.60 0.61
KXars 0.31 0.31 0.30 0.29 0.30 0.30 0.30 0.29 0.31 0.31 0.31 0.31 0.33 0.32 0.28 0.30 0.31 0.31 0.31
KNps 0.02 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01
*Total Fe as FeO
Sample SS 03 SS 18 1405
Analysis 72 97 80 85 118 2 5 12 20 3 4 5 6 8 9 10 11 13 14
Mode Grt 1 Grt 1 Grtl  Grtl  Grtl  Grtl  Grtl  Grtl  Grtl Grt 3 Grt3  Grt3  Grt3  Grt3  Grt3  Grt3  Grt3  Grt3  Grt3

— Core
SiO, 37.56  37.64 37.84 37.57 3693 3823 3821 38.16 3823 3747 3732 3745 3733 3741 37.17 3739 3721 3731 37.18
TiO, 0.14 0.13 0.06 0.10 0.03 0.09 0.11 0.06 0.07 0.05 0.05 0.04 0.08 0.11 0.12 0.09 0.11 0.07 0.10
ALO; 21.11 21.20  21.65 2433 2132 2186 21.74 21.82 2147 21.13 2096 2120 21.10 2089 21.06 20.87 20.85 20.83 20.77
FeO* 26.88 2677 29.03 2094 29.08 2576 2533 2520 2551 2944 2940 2946 29.88 3031 3022 3034 3050 3028 3030
MnO 0.38 0.35 1.00 0.55 1.26 1.08 1.63 1.10 1.33 0.45 0.40 0.64 1.46 1.36 1.29 1.26 1.31 1.27 1.43
MgO 1.60 1.61 2.58 1.03 2.49 3.27 2.86 3.31 3.22 1.64 1.55 1.56 1.78 1.53 1.34 1.37 1.32 1.28 1.30
CaO 11.44 11.65 8.16 15.81 7.99 11.04 11.04 10.72  10.32 9.57 9.32 9.40 8.49 8.62 8.76 8.40 8.32 8.37 8.24
Total 99.12  99.35 100.32 100.32 99.09 101.33 100.92 100.36 100.15  99.75 99.00 99.75 100.13 100.21 99.95 99.72 99.61 99.42  99.31
Cations on the basis of 12 oxygens
Si 3.00 3.00 2.99 2.92 2.96 2.96 2.98 2.98 3.00 2.99 3.01 2.99 2.98 2.99 2.98 3.01 3.00 3.01 3.00
Ti 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.01
Al 1.99 1.99 2.02 2.23 2.02 2.00 2.00 2.01 1.99 1.99 1.99 2.00 1.98 1.97 1.99 1.98 1.98 1.98 1.98
Fe' 0.00 0.00 0.00 0.00 0.06 0.07 0.03 0.02 0.00 0.02 0.00 0.01 0.05 0.04 0.04 0.00 0.02 0.00 0.01
Fe*' 1.80 1.79 1.92 1.36 1.89 1.60 1.62 1.63 1.67 1.95 1.98 1.96 1.95 1.98 1.99 2.04 2.04 2.04 2.04
Mn 0.03 0.02 0.07 0.04 0.09 0.07 0.11 0.07 0.09 0.03 0.03 0.04 0.10 0.09 0.09 0.09 0.09 0.09 0.10
Mg 0.19 0.19 0.30 0.12 0.30 0.38 0.33 0.39 0.38 0.20 0.19 0.19 0.21 0.18 0.16 0.16 0.16 0.15 0.16
Ca 0.98 1.00 0.69 1.32 0.69 0.92 0.92 0.90 0.87 0.82 0.80 0.80 0.73 0.74 0.75 0.72 0.72 0.72 0.71
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Xy 0.06 0.06 0.10 0.04 0.10 0.13 0.11 0.13 0.13 0.07 0.06 0.06 0.07 0.06 0.05 0.05 0.05 0.05 0.05
X Alm 0.60 0.60 0.64 0.48 0.64 0.54 0.54 0.55 0.56 0.65 0.66 0.65 0.65 0.66 0.67 0.68 0.68 0.68 0.68
KXars 0.33 0.33 0.23 0.46 0.23 0.31 0.31 0.30 0.29 0.27 0.27 0.27 0.24 0.25 0.25 0.24 0.24 0.24 0.24
KNps 0.01 0.01 0.02 0.01 0.03 0.02 0.04 0.02 0.03 0.01 0.01 0.01 0.03 0.03 0.03 0.03 0.03 0.03 0.03

*Total Fe as FeO
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Table 1. (continued)
Sample 1405
Analysis 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Mode Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3
SiO, 37.50 37.19 3728 3723 3695 37.60 37.01 3721 3733 37.16 3721 3734 3746 3738 3741 3735 3748 3742 3741
TiO, 0.11 0.06 0.13 0.09 0.14 0.10 0.05 0.13 0.12 0.10 0.14 0.09 0.10 0.08 0.10 0.11 0.04 0.04 0.07
ALO; 21.04 20.75 20.87 2095 2091 20.85 2094 2092 20.81 20.85 21.01 21.00 2095 21.13 2087 2099 2080 21.05 21.12
FeO* 29.73 30.28 31.22  30.86 30.33 30.92 3048 3021 29.90 3041 29.81 3050 29.80 30.04 3044 30.01 2957 2794 25.68
MnO 1.35 1.44 1.60 1.54 1.45 1.24 1.44 1.35 1.19 1.27 1.42 1.20 1.29 1.39 1.43 1.39 1.64 230 2.87
MgO 1.22 1.10 1.20 1.05 1.09 1.10 1.07 1.02 1.05 1.09 1.07 1.12 1.16 1.21 1.25 1.35 1.56 1.38 1.48
CaO 8.69 8.28 7.91 8.34 8.27 8.38 8.69 9.18 8.77 8.80 8.81 8.70 8.80 8.63 8.52 8.77 8.12 9.06 10.77
Total 99.64 99.10 100.20 100.05  99.13 100.19  99.67 100.02  99.16 99.67 99.46  99.95 99.56 99.85 100.01 99.98 99.20 99.19  99.40
Cations on the basis of 12 oxygens
Si 3.01 3.01 2.99 2.99 2.99 3.01 2.98 2.98 3.02 299 3.00 3.00 3.01 3.00 3.00 299 3.02 3.01 299
Ti 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00
Al 1.99 1.98 1.97 1.98 2.00 1.97 1.99 1.98 1.98 1.98 2.00 1.99 1.99 2.00 1.97 1.98 1.98 2.00 1.99
Fe'" 0.00 0.00 0.03 0.03 0.00 0.00 0.05 0.04 0.00 0.03 0.00 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.02
Fe*" 2.00 2.05 2.07 2.05 2.05 2.07 2.01 1.99 2.02 2.02 2.01 2.04 2.01 2.02 2.03 1.99 2.00 1.88 1.70
Mn 0.09 0.10 0.11 0.10 0.10 0.08 0.10 0.09 0.08 0.09 0.10 0.08 0.09 0.09 0.10 0.09 0.11 0.16 0.19
Mg 0.15 0.13 0.14 0.13 0.13 0.13 0.13 0.12 0.13 0.13 0.13 0.13 0.14 0.14 0.15 0.16 0.19 0.17 0.18
Ca 0.75 0.72 0.68 0.72 0.72 0.72 0.75 0.79 0.76 0.76 0.76 0.75 0.76 0.74 0.73 0.75 0.70 0.78 0.92
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
KXpp 0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.06 0.06 0.06
X Am 0.67 0.68 0.69 0.68 0.68 0.69 0.67 0.66 0.68 0.67 0.67 0.68 0.67 0.67 0.67 0.66 0.67 0.63 0.57
X 0.25 0.24 0.23 0.24 0.24 0.24 0.25 0.26 0.25 0.25 0.25 0.25 0.25 0.25 0.24 0.25 0.23 0.26 0.31
ﬁﬁ 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.05 0.06
*Total Fe as FeO
Sample 1405
Analysic 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 52 53 54
Mode Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3
SiO, 3791 37.72  37.80 3791 37.82 37.82 3791 37.86 37.97 3792 3783 38.12 37.69 38.10 38.06 3793 3782 3784 3785
TiO, 0.06 0.04 0.05 0.08 0.09 0.06 0.08 0.17 0.10 0.16 0.15 0.13 0.10 0.08 0.10 0.03 0.06 0.04 0.08
AlLO; 21.40 21.39 2122 2122 2121 21.14 2134 21.12  21.18 2125 2128 21.35 21.23 2155 2129 2139 2140 2127 2129
FeO* 25.86 2621 2638 2521 2584 26.18 26.14 2481 2521 2498 2488 2521 2575 2515 2540 26.09 2646 26.11 26.25
MnO 234 2.07 1.92 1.61 1.19 1.24 1.49 1.39 1.44 1.23 1.13 1.20 1.22 0.99 0.99 0.99 0.86 0.87 0.76
MgO 1.54 1.62 1.79 1.70 1.65 1.79 1.93 1.78 1.98 2.14 2.23 2.24 242 2.54 297 2.93 2.59 2.54 2.62
CaO 10.79 11.11 10.92 11.77 12.06 1147 11.27 1236 11.82 11.78 11.64 11.84 10.86 11.01 10.38  10.03 11.01 10.88  10.88
Total 99.90 100.16 100.07 99.48 99.85 99.70 100.16 99.49  99.69 99.46  99.13 100.08 99.27 99.43 99.19 99.40 10020 99.55 99.72
Cations on the basis of 12 oxygens
Si 3.01 2.99 3.00 3.02 3.00 3.00 3.00 3.01 3.01 3.01 3.01 3.00 3.00 3.02 3.02 3.01 2.98 3.00 2.99
Ti 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Al 2.00 2.00 1.98 1.99 1.98 1.98 1.99 1.98 1.98 1.99 1.99 1.98 1.99 2.01 1.99 2.00 1.99 1.99 1.98
Fe”' 0.00 0.02 0.02 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 0.05 0.01 0.02
Fe*' 1.72 1.72 1.73 1.68 1.71 1.74 1.72 1.65 1.67 1.66 1.65 1.66 1.71 1.67 1.68 1.73 1.69 1.72 1.72
Mn 0.16 0.14 0.13 0.11 0.08 0.08 0.10 0.09 0.10 0.08 0.08 0.08 0.08 0.07 0.07 0.07 0.06 0.06 0.05
Mg 0.18 0.19 0.21 0.20 0.19 0.21 0.23 0.21 0.23 0.25 0.26 0.26 0.29 0.30 0.35 0.35 0.30 0.30 0.31
Ca 0.92 0.94 0.93 1.00 1.02 0.98 0.95 1.05 1.00 1.00 0.99 1.00 0.93 0.93 0.88 0.85 0.93 0.92 0.92
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ky 0.06 0.06 0.07 0.07 0.06 0.07 0.08 0.07 0.08 0.08 0.09 0.09 0.10 0.10 0.12 0.12 0.10 0.10 0.10
X Am 0.58 0.57 0.58 0.56 0.57 0.58 0.57 0.55 0.56 0.55 0.55 0.55 0.57 0.56 0.56 0.58 0.57 0.57 0.57
X 0.31 0.32 0.31 0.34 0.34 0.32 0.32 0.35 0.33 0.33 0.33 0.33 0.31 0.31 0.30 0.28 0.31 0.31 0.31
Kgps 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02
*Total Fe as FeO
—
Sample 1783
Analysis 55 56 57 58 59 60 61 1 2 3 4 5 6 7 8 9 10 11 12
Mode Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 3 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2 Grt 2
Rim — — — — — — — — — — —

SiO, 37.90 38.01 38.14 38.14 38.02 38.16 3828 37.73 37.93 38.18 3797 3794 3847 38.02 3751 3773 3755 3795 3790
TiO, 0.02 0.11 0.04 0.06 0.06 0.10 0.09 0.07 0.03 0.09 0.06 0.04 0.08 0.06 0.11 0.10 0.11 0.09 0.21
Al O, 21.35 21.39 2137 2129 2142 21.70 2159 2146 21.50 21.56 2149 2148 21.57 2154 2138 2142 2155 2169 2152
FeO* 25.82 26.04 26.08 2645 2624 2636 2651 2646 26.56 2640 2562 2591 2632 2699 2657 2590 2559 26.10 2640
MnO 0.76 0.74 0.61 0.70 0.66 0.56 0.54 0.59 0.36 0.36 0.41 0.33 0.46 0.48 0.61 0.59 0.66 1.01 0.60
MgO 2.67 2.59 2.72 2.70 2.80 2.81 3.08 3.28 3.21 3.05 3.10 3.08 297 2.81 2.58 2.62 2.64 2.67 230
CaO 10.65 10.94  10.63 10.66  10.63 10.47 10.63 9.74  10.16 10.23 10.35 10.71 10.31 10.54  10.81 11.07  10.93 1128 11.19
Total 99.16 99.81  99.58 100.00 99.84 100.16 100.71 99.34  99.73 99.87  99.00 99.50 100.18 100.43 99.58 99.43 99.02 100.79 100.13
Cations on the basis of 12 oxygens
Si 3.01 3.00 3.02 3.01 3.00 3.00 2.99 2.99 2.99 3.01 3.01 3.00 3.02 2.98 297 2.99 2.99 297 2.99
Ti 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Al 2.00 1.99 1.99 1.98 1.99 2.01 1.99 2.00 2.00 2.00 2.01 2.00 2.00 1.99 2.00 2.00 2.02 2.00 2.00
Fe”' 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.02 0.00 0.00 0.00 0.00 0.03 0.05 0.01 0.00 0.06 0.00
Fe*' 1.72 1.72 1.73 1.74 1.73 1.73 1.71 1.74 1.73 1.74 1.70 1.71 1.73 1.74 1.71 1.71 1.70 1.65 1.74
Mn 0.05 0.05 0.04 0.05 0.04 0.04 0.04 0.04 0.02 0.02 0.03 0.02 0.03 0.03 0.04 0.04 0.04 0.07 0.04
Mg 0.32 0.30 0.32 0.32 0.33 0.33 0.36 0.39 0.38 0.36 0.37 0.36 0.35 0.33 0.31 0.31 0.31 0.31 0.27
Ca 0.91 0.93 0.90 0.90 0.90 0.88 0.89 0.83 0.86 0.86 0.88 0.91 0.87 0.89 0.92 0.94 0.93 0.94 0.95
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ky 0.11 0.10 0.11 0.11 0.11 0.11 0.12 0.13 0.13 0.12 0.12 0.12 0.12 0.11 0.10 0.10 0.10 0.10 0.09
X Am 0.57 0.57 0.58 0.58 0.58 0.58 0.57 0.58 0.58 0.58 0.57 0.57 0.58 0.58 0.58 0.57 0.57 0.55 0.58
X 0.30 0.31 0.30 0.30 0.30 0.30 0.30 0.28 0.29 0.29 0.30 0.30 0.29 0.30 0.31 0.31 0.31 0.32 0.32
Kgps 0.02 0.02 0.01 0.02 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 0.02 0.01

*Total Fe as FeO
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Table 1. (continued)

Sample 1783
Analysis 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Mode Grt 2 Grt 2 Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2 Grt 2 Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2
— — — — — — — — — — — — — — — — — — —
SiO, 37.50  37.68 37.76 3745 3730 3747 3737 3730 3749 3748 3742 37.60 3794 37.60 37.73 3777 37.65 37.63 38.02
TiO, 0.08 0.04 0.05 0.02 0.05 0.08 0.02 0.03 0.06 0.02 0.00 0.00 0.05 0.01 0.03 0.03 0.05 0.05 0.02
ALO; 2129 2134 2132 2143 2121 2125 2131 2118 2130  21.17 2135 2122 2126 21.12 21.31 2138 21.17 2137 2136
FeO* 26.10 2645 2699 2675 2698 2666 2587 2633 2626 2551 2513 2674 27.70 2779 2835 27.88 28.09 28.03 27.57
MnO 0.65 0.54 0.73 1.19 2.10 2.06 3.20 345 3.65 3.84 4.89 333 0.83 0.61 0.81 0.92 0.89 0.92 0.92
MgO 2.09 2.06 1.55 1.44 1.33 1.35 1.25 1.25 1.18 1.26 1.65 1.80 2.44 2.50 2.76 3.02 291 2.95 291
CaO 11.43 1139 1144 1135 1128 1125 1045 10.59  10.67 10.53 9.17  10.02  10.04 9.74 9.08 9.05 9.16 9.34 9.14
Total 99.13  99.49 99.83 99.64 100.26 100.11  99.47 100.13 100.61 99.80  99.61 100.70 100.25 99.37 100.06 100.06 99.94 100.30  99.93
Cations on the basis of 12 oxygens
Si 2.99 2.99 3.00 2.98 2.96 2.98 2.99 2.97 2.97 2.99 2.99 2.97 3.00 3.00 2.99 2.98 2.98 2.97 3.01
Ti 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
Al 2.00 2.00 2.00 2.01 1.99 1.99 2.01 1.99 1.99 1.99 2.01 1.98 1.98 1.98 1.99 1.99 1.98 1.99 1.99
Fe' 0.01 0.01 0.00 0.02 0.08 0.04 0.00 0.07 0.06 0.02 0.00 0.08 0.02 0.02 0.04 0.04 0.06 0.08 0.00
Fe*' 1.73 1.75 1.79 1.76 1.71 1.73 1.73 1.69 1.69 1.68 1.68 1.69 1.81 1.83 1.84 1.80 1.80 1.77 1.82
Mn 0.04 0.04 0.05 0.08 0.14 0.14 0.22 0.23 0.24 0.26 0.33 0.22 0.06 0.04 0.05 0.06 0.06 0.06 0.06
Mg 0.25 0.24 0.18 0.17 0.16 0.16 0.15 0.15 0.14 0.15 0.20 0.21 0.29 0.30 0.33 0.36 0.34 0.35 0.34
Ca 0.98 0.97 0.97 0.97 0.96 0.96 0.90 0.90 0.91 0.90 0.79 0.85 0.85 0.83 0.77 0.77 0.78 0.79 0.77
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
KN 0.08 0.08 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.07 0.07 0.10 0.10 0.11 0.12 0.12 0.12 0.11
X Am 0.58 0.58 0.60 0.59 0.58 0.58 0.58 0.57 0.57 0.56 0.56 0.57 0.60 0.61 0.62 0.60 0.60 0.60 0.61
X 0.33 0.32 0.32 0.32 0.32 0.32 0.30 0.30 0.30 0.30 0.26 0.29 0.28 0.28 0.26 0.26 0.26 0.27 0.26
KNsps 0.01 0.01 0.02 0.03 0.05 0.05 0.07 0.08 0.08 0.09 0.11 0.08 0.02 0.01 0.02 0.02 0.02 0.02 0.02
*Total Fe as FeO
Sample 1783
Analysis 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
Mode Grt 2 Grt 2 Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2 Grt 2 Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2
— — — — — — — — — — — — — — — — — — —
SiO, 37.75 3741 3751 37.67 37.85 37.81 3738 37.15 37.13 3741 3736 3738 3731 37.1 37.03 3732 3732 3748 3721
TiO, 0.05 0.04 0.11 0.08 0.10 0.03 0.09 0.02 0.02 0.05 0.07 0.08 0.12 0.17 0.10 0.14 0.25 0.53 0.35
ALO; 2126 2127 2087 2111 2129 21.19 2096 2091 2092 20.85 2051 2049 2035 2056 20.57 20.51 2059 20.83 20.65
FeO* 28.00 27.77 27.88 27.51 2822 2840 28.62 2935 2979 30.65 2970 3023 30.57 30.61 29.52 29.58 2842 27.13 2575
MnO 0.95 0.94 0.93 0.91 0.97 0.98 1.13 1.08 1.22 1.48 1.87 1.88 1.86 2.11 2.16 2.26 2.43 3.21 4.43
MgO 2.90 2.81 2.71 2.79 2.70 2.71 2.40 245 2.26 1.90 1.68 1.65 1.61 1.63 1.88 1.95 1.99 2.22 1.80
CaO 9.28 9.57 9.61 9.10 8.96 9.10 8.85 8.82 8.30 8.63 8.28 8.32 8.08 8.10 7.90 8.14 8.54 9.38 9.18
Total 100.19  99.81  99.62 99.17 100.09 100.21 99.43 99.78 99.62 100.97 99.46 100.02 99.89 100.29 99.17 99.88 99.55 100.78  99.37
Cations on the basis of 12 oxygens
Si 2.98 2.96 2.98 3.00 3.00 2.99 2.99 2.96 2.97 2.96 3.01 3.00 3.00 2.97 2.99 2.99 2.99 2.96 2.99
Ti 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.03 0.02
Al 1.98 1.99 1.96 1.98 1.99 1.97 1.97 1.96 1.97 1.95 1.95 1.93 1.93 1.94 1.96 1.94 1.95 1.94 1.95
Fe' 0.06 0.08 0.07 0.00 0.01 0.04 0.04 0.11 0.08 0.12 0.03 0.06 0.06 0.10 0.05 0.07 0.04 0.07 0.03
Fe*' 1.79 1.76 1.79 1.83 1.86 1.84 1.87 1.85 1.91 1.91 1.97 1.96 1.99 1.95 1.94 1.91 1.87 1.72 1.70
Mn 0.06 0.06 0.06 0.06 0.07 0.07 0.08 0.07 0.08 0.10 0.13 0.13 0.13 0.14 0.15 0.15 0.17 0.22 0.30
Mg 0.34 0.33 0.32 0.33 0.32 0.32 0.29 0.29 0.27 0.22 0.20 0.20 0.19 0.19 0.23 0.23 0.24 0.26 0.22
Ca 0.79 0.81 0.82 0.78 0.76 0.77 0.76 0.75 0.71 0.73 0.71 0.71 0.70 0.69 0.68 0.70 0.73 0.79 0.79
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
KN 0.11 0.11 0.11 0.11 0.11 0.11 0.10 0.10 0.09 0.08 0.07 0.07 0.06 0.07 0.08 0.08 0.08 0.09 0.07
X Am 0.60 0.59 0.60 0.61 0.62 0.61 0.63 0.62 0.64 0.64 0.65 0.65 0.66 0.65 0.65 0.64 0.62 0.58 0.57
X 0.26 0.27 0.27 0.26 0.25 0.26 0.25 0.25 0.24 0.25 0.24 0.24 0.23 0.23 0.23 0.23 0.24 0.27 0.26
KNsps 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.07 0.10
*Total Fe as FeO
Sample 1783 TS 30-32
Analysis 51 13 6 3 5 2 9 24 25 32 33 36 4 5 6 19 20 30 31
Mode Grt 2 Grt 2 Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2 Grt 2 Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2  Grt2
— — — — — — Core
SiO, 3726  37.88 37.54 37.06 3731 3745 3732 37.09 3745 3775 3785 3795 3754 3734 36.88 3739 3748 3820 38.03
TiO, 0.24 0.25 0.26 0.27 0.19 0.30 0.23 0.07 0.00 0.03 0.04 0.06 0.03 0.06 0.05 0.10 0.03 0.01 0.05
ALO; 2049  20.78 20.61 2044 20.81 2051 2056 21.14 21.67 21.38 2142 21.54 21.69 21.68 21.26 20.74 21.02 2143 21.65
FeO* 24.81 2344 2298 2298 22,12 2245 2216 2466 2605 27.04 2645 2670 2569 2554 3123 29.16 29.74 26.61 26.06
MnO 5.72 6.60 7.90 8.19 8.70 9.27 9.51 4.73 1.33 0.75 0.74 0.72 0.47 0.67 0.51 1.09 1.18 0.68 1.01
MgO 1.68 1.46 1.47 1.27 1.32 1.23 1.11 1.25 3.20 1.67 1.89 1.66 2.42 2.79 1.98 2.25 2.22 2.97 2.92
CaO 9.05 9.83 8.95 9.24 9.19 9.07 8.89  10.67 10.22 11.79 11.83  12.00 11.80 11.73 7.44 9.09 8.82 1043 10.74
Total 99.26 100.22  99.71  99.44 99.64 100.29 99.78 99.61  99.92 100.39 100.22 100.61 99.64 99.80 99.36  99.82 100.49 100.32 100.48
Cations on the basis of 12 oxygens
Si 3.00 3.02 3.01 2.99 2.99 2.99 3.00 2.97 2.95 2.98 2.99 2.99 2.97 2.94 2.97 2.98 2.97 3.00 2.98
Ti 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Al 1.94 1.95 1.95 1.94 1.97 1.93 1.95 1.99 2.01 1.99 1.99 2.00 2.02 2.01 2.02 1.95 1.96 1.98 2.00
Fe' 0.03 0.00 0.00 0.05 0.02 0.04 0.02 0.06 0.09 0.05 0.03 0.02 0.04 0.10 0.04 0.08 0.09 0.02 0.03
Fe*' 1.64 1.56 1.54 1.49 1.47 1.46 1.47 1.59 1.62 1.74 1.72 1.74 1.65 1.58 2.06 1.87 1.88 1.73 1.67
Mn 0.39 0.45 0.54 0.56 0.59 0.63 0.65 0.32 0.09 0.05 0.05 0.05 0.03 0.04 0.03 0.07 0.08 0.05 0.07
Mg 0.20 0.17 0.18 0.15 0.16 0.15 0.13 0.15 0.38 0.20 0.22 0.19 0.28 0.33 0.24 0.27 0.26 0.35 0.34
Ca 0.78 0.84 0.77 0.80 0.79 0.78 0.77 0.91 0.86 1.00 1.00 1.01 1.00 0.99 0.64 0.78 0.75 0.88 0.90
Total 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
KN 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.05 0.13 0.07 0.07 0.06 0.10 0.11 0.08 0.09 0.09 0.12 0.11
X Am 0.54 0.52 0.51 0.50 0.49 0.48 0.49 0.53 0.55 0.58 0.57 0.58 0.56 0.54 0.69 0.63 0.63 0.58 0.56
X 0.26 0.28 0.25 0.27 0.26 0.26 0.25 0.31 0.29 0.33 0.33 0.34 0.34 0.34 0.22 0.26 0.25 0.29 0.30
KNsps 0.13 0.15 0.18 0.19 0.20 0.21 0.21 0.11 0.03 0.02 0.02 0.02 0.01 0.02 0.01 0.02 0.03 0.02 0.02

*Total Fe as FeO



