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Modes of occurrence and chemical compositions of amphiboles
in eclogite from the northeastern part of the Seba eclogitic basic schists
in the Sambagawa metamorphic belt, central Shikoku, Japan

Naohito Kishira*, Akira Takasu* and Md. Fazle Kabir*

Abstract

Eclogite in the northeastern part of the Seba eclogitic basic schists consists mainly of garnet, omphacite, sodic-, sodic-cal-
cic- and calcic-amphiboles (glaucophane, winchite, barroisite, taramite, magnesiotaramite, magnesiokatophorite, edenite
and ferropargasite), epidote, and phengite, along with small amounts of albite, dolomite, quartz, rutile, titanite, biotite,
tourmaline and hematite. Amphiboles in the northeastern part of the Seba eclogitic basic schists have a variety of modes of
occurrence (Amp 1-4) and a wide range of chemical compositions, i.e. sodic-, sodic-calcic- and calcic-amphiboles. Amphi-
boles (Ampl) occurring as inclusions in the cores of porphyroblastic garnets are classified as sodic-calcic-amphiboles
(taramite), and the rim of the garnets contain inclusions of sodic-calcic-amphiboles (Amp1; e.g. magnesiotaramite, magne-
siokatophorite). Amphibole (Amp2; barroisite, magnesiotaramite, magnesiokatophorite) found as inclusions in the garnet
rims occur as a constituent of amphibole and albite symplectite. Schistosity-forming amphiboles (Amp3) in the matrix are
zoned, with resorbed barroisite-magnesiokatophorite cores, resorbed glaucophane in the mantles, winchite-barroisite-mag-
nesiotaramite-magnesiokatophorite rims, and edenite-ferropargasite outermost rims. Amphiboles (Amp4) as a constituent
of symplectite after omphacite are zoned, with winchite-barroisite-magnesiokatophorite cores, resorbed glaucophane in the
mantles, and barroisite-magnesiokatophorite rims. The variety of modes of occurrence and the chemical compositions of
the amphiboles probably reflect four metamorphic events: a precursor metamorphic event, first and second high-pressure
eclogitic metamorphic events, and a third high-pressure epidote-amphibolite facies metamorphic event.
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Introduction

Amphibole group minerals occur in a wide range of P-T
conditions, and are common constituents of igneous and met-
amorphic rocks (Deer et al., 1992). Amphiboles crystallize
in a wide spectrum of metamorphic conditions, ranging from
greenschist and blueschist facies, through epidote-amphibo-
lite to the eclogite and lower granulite facies. Amphiboles in
metamorphic rocks are often chemically zoned, and provide
important information on metamorphic history.

The Sambagawa belt is a high-P/T metamorphic belt that
stretches throughout SW Japan over a length of approximately
800 km, extending from the Kanto Mountains through Kii
Peninsula and Shikoku to Kyushu, with maximum width of
50 km in Shikoku (Fig. 1). To the north the Sambagawa belt
is bounded by the Ryoke metamorphic belt, which is charac-
terized by high-7/P metamorphism and granitic intrusions.
The Sambagawa and the Ryoke belt together form possibly
the best-known example of paired metamorphic belts (e.g.
Miyashiro, 1973). The boundary between the Ryoke and
the Sambagawa belts is a major strike-slip fault, the Median
Tectonic Line (MTL), which is associated with ancient
left-lateral and recent right-lateral motions (Ichikawa, 1980).

The protoliths of the Sambagawa metamorphic belt are
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dominated by sandstone and shale, with lesser basalt, chert,
and limestone. Metamorphic grade ranges from preh-
nite-pumpellyite facies through the blueschist/greenschist
facies to the epidote-amphibolite facies, and locally into
the eclogite facies (e.g. Banno, 1964; Higashino, 1990;
Enami et al., 1994). In the Besshi district of central Shikoku,
the Sambagawa belt is divided into four zones based on
index minerals in pelitic schists (Enami, 1983; Higashino,
1990). These are the chlorite (300-360°C, 5.5-6.5 kbar),
garnet (425-470°C, 7-8.5 kbar), albite-biotite (470-590°C,
8-9.5 kbar) and oligoclase-biotite (585-635°C, 9-11 kbar)
zones (Fig. 1; Enami, 1983; Enami et al., 1994). The mineral
parageneses of the albite-biotite and oligoclase-biotite zones
roughly coincide with those of the epidote-amphibolite
facies, and their equilibrium P-T conditions have been esti-
mated to be 8-11 kbar and 470-635°C (Enami et al., 1994).
Eclogite facies assemblages sporadically occur in metagab-
bros, metabasites, peridotites, and subordinate metapelites in
the Besshi district (e.g. Banno et al., 1976; Takasu, 1984;
Kunugiza et al., 1986; Takasu, 1989; Aoya, 2001; Ota et al.,
2004; Zaw Win Ko et al., 2005; Kabir and Takasu, 2010a, b).
Eclogites in the Besshi district occur mainly within block-
like bodies of varying size and lithology (Kunugiza et al.,
1986; Takasu, 1989; Takasu et al., 1994). The metamorphic
P-T conditions of the eclogite-bearing bodies are distinct
from those of surrounding Sambagawa schists (Takasu,
1989).
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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, 2010a). SB, Seba metagabbro mass; 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.

The Sebadani area is located in the central part of the
Besshi district, within the albite-biotite zone. The Sebadani
metagabbro mass and surrounding Seba basic schists, pelitic
and siliceous schists occur in the area (Takasu and Makino,
1980; Takasu, 1984). Eclogitic mineral assemblages are spo-
radically preserved in both the Sebadani metagabbro and the
Seba basic schists (Seba eclogitic basic schists) (e.g. Takasu,
1984; Naohara and Aoya, 1997; Aoya, 2001).

Aoya (2001) reported a P-T path from eclogites occurring in
the Seba eclogitic basic schists. The eclogites first attained their
peak pressure, then decompressed with continuously increasing
temperature before reaching their peak temperature (610-640°C
and 12-24 kbar). The eclogites were then retrograded at epi-
dote-amphibolite conditions, and were subsequently emplaced
into the surrounding non-eclogitic schists at the time of prograde
epidote-amphibolite metamorphism (Aoya, 2001; Zaw Win Ko
et al., 2005). The Onodani eclogites preserved within the Seba
basic schists have a complex metamorphic history, undergoing
three differing metamorphic episodes during multiple burial
and exhumation cycles (Kabir and Takasu, 2010a). Conditions
of the first and second eclogite facies metamorphism are esti-
mated to have been 530-590°C and 19-21 kbar and 630-680°C
and 20-22 kbar, respectively. The second metamorphic event is
similar to that of the Seba eclogitic basic schists (610-640°C and
12-24 kbar; Aoya, 2001). The pelitic schists intercalated within
the Seba eclogitic basic schists also underwent eclogite facies
metamorphism of 520-550°C and c. 18 kbar (Zaw Win Ko et
al., 2005; Kouketsu et al., 2010). Owing to the complex meta-
morphic history of the Seba eclogitic basic schists, amphiboles
within them have varying modes of occurrence and a variety of
chemical compositions.

In this report we describe the diverse textures and variable
chemical compositions of the amphiboles in the eclogite
from the northeastern part of the Seba eclogitic basic schists.
The amphibole classification follows Leake et al. (1997),
and mineral abbreviations used in the text, tables and figures
follow Whitney and Evans (2010).

Petrography of the northeastern part of the Seba
eclogitic basic schists

Several eclogite samples were collected from the north-
eastern part of the Seba eclogitic basic schists (hereafter
termed eclogite). One eclogite sample (KSB-5) was selected
for detail petrography. The eclogite consists mainly of gar-
net, omphacite, sodic-, sodic-calcic- and calcic-amphiboles
(glaucophane, winchite, barroisite, taramite, magnesiotaramite,
magnesiokatophorite, edenite and ferropargasite), epidote,
and phengite (Fig.2). Small amounts of albite, dolomite,
quartz, rutile, titanite and biotite, tourmaline and hematite
occur occasionally. A schistosity is defined by preferred
orientation of omphacite, amphibole, epidote and phengite.

Garnets occur as euhedral to subhedral grains up to 1 mm
in diameter. Some are zoned, with pale orange cores to col-
orless rims. The garnet cores contain inclusions of taramitic
amphiboles (Fig.3a), whereas the rims contain inclusions of
omphacite (X;40.27-0.41), sodic-calcic-amphiboles (e.g. mag-
nesiotaramite, magnesiokatophorite), epidote (Xp; 0.23-0.26),
dolomite, hematite and quartz. The rims of the garnets also
contain sodic-calcic-amphibole (barroisite, magnesiotaramite,
magnesiokatophorite)-albite (An<1) symplectite (Fig.3b-c).
Some garnets are partly replaced by chlorite.
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Fig.2. Photomicrograph of eclogite from the northeastern part
of the Seba eclogitic basic schists, showing eclogite facies
mineral assemblages of porphyroblastic garnet and coexisting
omphacite, phengite and barroisitic amphibole.

Omphacites occur as anhedral grains up to 0.5 mm across,
and some are zoned from pale green cores to colorless rims
(X34 0.27-0.43, Ae 0.11-0.17). The omphacites contain inclu-
sions of epidote (Xp, 0.22-0.24), and are partly replaced by
amphibole (barroisite/magnesiokatophorite) + albite (An<1)
symplectite.

Amphiboles have four modes of occurrence, being found
as discrete inclusions in garnet cores (Ampl); as amphibole
(Amp2)+albite symplectite inclusions in garnet rims; as
schistosity-forming amphibole (Amp3), and as a constituent
of amphibole (Amp4)+albite symplectite after omphacite
(Fig.3a-f). Amphibole (Amp1; sodic-calcic-amphibole) occur-
ring as inclusions in the garnet cores is found as anhedral
crystals up to 0.02 mm across (Fig.3a). Amphibole (Amp2;
sodic-calcic-amphibole) found as inclusions in the garnet
rims occur as anhedral crystals up to 0.1 mm across. These
amphiboles occur as a constituent of amphiboles and albite
symplectite, and some are zoned, with cores of barroisite man-
tled by magnesiotaramite / magnesiokatophorite, and barroisite
rims (Fig. 3b-c). Schistosity-forming amphibole (Amp3) in the
matrix occurs as anhedral to subhedral grains up to 0.5 mm
across, some of which are zoned, with resorbed barroisite-mag-
nesiokatophorite cores, resorbed glaucophane in the mantles,
winchite-barroisite-magnesiotaramite-magnesiokatophorite
rims, and edenite-ferropargasite outermost rims (Fig.3d-e).
Amphiboles in the matrix contain inclusions of omphacite
(X34 0.37-0.40), epidote (Xp, 0.21-0.27), hematite and quartz.
Symplectitic amphibole (Amp4) comprises anhedral grains up
to 0.1 mm across, some of which are zoned, with winchite-bar-
roisite-magnesiokatophorite cores, resorbed glaucophane in the
mantles, and barroisite-magnesiokatophorite rims (Fig. 3f).

Epidote occurs as anhedral grains up to 0.2 mm across;
some are zoned, from yellowish-green cores to colorless
rims. Epidote contains quartz inclusions. Two modes of
occurrence of phengite were observed. Schistosity-forming
phengite (Si 6.65-6.87 pfu) is found as subhedral grains up

to 1 cm across. Other phengites are randomly oriented (Si
6.34-6.56 pfu), and also reach 1 cm in width.

Chemical compositions of the amphiboles

Chemical composition and compositional zoning of the
amphiboles in the northeastern part of the Seba eclogitic
basic schists were investigated at Shimane University, using
JEOL JXA 8800M and JXA 8530F electron microprobe ana-
lyzers. Analytical conditions used for quantitative analysis
were 15 kV accelerating voltage, 20 nA specimen current,
and 5 pm beam diameter. Correction procedure was carried
out as described by Bence and Albee (1968). Fe*" estima-
tion for amphibole used the 13eCNK method (Leake et al.,
1997). Cr,05 contents (Cr<0.01 pfu) of the amphiboles are
negligible.

Representative chemical compositions of amphiboles are
listed in Table 1, and shown in Figs.4 and 5.

Amphibole (Amp1) inclusions in the garnet cores are clas-
sified as taramite, and have relatively low Si (Si=6.10 pfu,
Nap=0.68 pfu and Xy,,=0.44), higher ALO; (15.41 wt.%), Ti
(Ti=0.08 pfu; TiO,=0.67 wt.%) and K (0.04 pfu) contents
(Figs.4, 5c; Table 1). Amphibole inclusions in the rims of the
porphyroblastic garnets are classified as sodic-calcic-amphi-
boles (e.g. magnesiotaramite, magnesiokatophorite), with
compositional ranges of Si=6.42-6.79 pfu, Naz=0.81-0.93 pfu,
Xume=0.56-0.61, Ti=0.02-0.08 pfu and K=0.06-0.07 pfu.

Symplectitic amphibole (Amp2) inclusions in the
rims of the porphyroblastic garnets are classified as sod-
ic-calcic-amphiboles (e.g. barroisite, magnesiotaramite,
magnesiokatophorite), with compositional ranges of
Si=6.16-7.29 pfu, Nag=0.68-1.12 pfu, Xy,=0.55-0.67,
Ti=0.01-0.03 pfu and K=0.04-0.13 pfu. Amp2 is sometimes
zoned, from barroisite cores to magnesiotaramite/mag-
nesiokatophorite mantles, decreasing in Si (7.17-6.40 pfu),
Najg (1.12-0.68 pfu), Xy, (0.67-0.55) and increasing Ti (0.02-
0.03 pfu) and K (0.04-0.13 pfu), whereas Si (6.40-7.05 pfu),
Xuve (0.55-0.65), Ti (0.03-0.02 pfu) and K (0.13-0.07 pfu)
increases at the barroisite rims, and Nag (0.68-0.97 pfu)
decreases (Figs. 4, Sb-c; Table 1).

Amphiboles (Amp3) in the matrix are classified as sodic-, sod-
ic-calcic- and calcic-amphiboles (e.g. glaucophane, winchite,
barroisite, magnesiotaramite, magnesiokatophorite, edenite,
ferropargasite), with compositional ranges of Si=6.20-7.82 pfu,
Nap=0.18-1.78 pfu, Xy,=0.45-0.77, Ti=0.01-0.05 pfu and
K=0-0.17 pfu. The cores of the zoned amphiboles (Amp3)
are classified as barroisite with Si=7.37 pfu, Nag=1.26 pfu,
Xumz=0.68, Ti=0.01 pfu and K=0.03 pfu, mantled by glau-
cophane, with higher Si=7.76-7.83 pfu, Nag=1.71-1.73 pfu
and Xy, =0.64-0.66 (Figs.4, 5a-c). The barroisite rims have
lower Si=7.22 pfu, Naz=0.85 pfu, Xy;,,=0.67, Ti=0.01 pfu
and K=0.04 pfu. The edenite-ferropargasite outermost rims
have compositions of Si=6.45-6.76 pfu, Nag=0.18-0.49 pfu,
Xumg=0.47-0.54, Ti=0.02 pfu and K=0.11 pfu (Figs.4 and 5d).

Amp4 is a constituent of symplectite of amphibole
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Fig. 3. Photomicrographs of eclogite from the northeastern part of the Seba eclogitic basic schists showing: (a) porphyroblastic
garnet containing inclusions of taramitic amphibole (Ampl) in the core. (b-c) Rim of the porphyroblastic garnet containing
inclusions of amphibole (Amp2) and albite symplectite. Barroisite / magnesiokatophorite and albite after omphacite are also
shown. (d-e) Zoned amphibole (Amp3) in the matrix showing barroisite as a resorbed shape in the core, mantled by glaucophane,
barroisite rims, and edenite at the outermost rim. (f) Omphacite replaced by symplectite of amphibole (Amp4; barroisite / mag-
nesiokatophorite) and albite.
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and albite after omphacite (X;4=0.27-0.43), and is the
analyzed grains are classified as sodic- and sodic-calcic-
amphiboles. The sodic-amphiboles are glaucophane with
S1=7.60-7.87 pfu, Nag=1.53-1.75 pfu, Xy, =0.70-0.76 and
Ti=0-0.01 pfu. The sodic-calcic-amphiboles are represented
by winchite, barroisite and magnesiokatophorite, with
compositions of Si=6.69-7.58 pfu, Naz=0.56-1.49 pfu,

Xume=0.63-0.79, Ti=0.01-0.04 pfu and K=0.02-0.10 pfu.
Some of these are zoned, with cores consisting of winchite
and barroisite with Si=6.91-7.56 pfu, Nag=0.81-1.49 pfu,
Xme=0.68-0.74, Ti=0.02-0.03 pfu and K=0.02-0.06 pfu;
glaucophane mantles with increasing Si=7.73 pfu,
Nag=1.56 pfu, Xy, =0.74, Ti=0.01 pfu and K=0.01 pfu;
and barroisite rims with decreasing Si=7.01-7.45 pfu,
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Nag=0.71-1.32 pfu, X, =0.72-0.75, Ti=0.01-0.03 pfu and
K=0.03-0.05 pfu (Figs. 4 and 5a-c).

Discussion and Conclusions

Amphiboles in the eclogites from the northeastern part
of the Seba eclogitic basic schists exhibit several modes of
occurrence and a wide range of chemical compositions (sodic-,
sodic-calcic- and calcic-amphiboles), suggesting diverse P-T
crystallization conditions.

Taramitic amphibole (Ampl) relatively rich in ALO;
(15.41 wt.%) and TiO, (0.67 wt.%) are thought to be relict
amphibole inclusions in the cores of the porphyroblastic
garnets, probably indicating relatively high-temperature
metamorphic conditions such as the amphibolite facies
(Kabir and Takasu, 2010c).

Symplectitic amphiboles (Amp2) together with albite are
regarded as pseudomorphs after omphacite that originally
occurred as inclusions in the rims of the porphyroblastic
garnets. This feature suggests that this omphacite equilibrated
before the growth of the porphyroblastic garnets. These earlier
omphacites may be correlated with the first eclogite facies
metamorphism of the Onodani eclogite (Kabir and Takasu,
2010a). Amphibole (Amp1; magnesiotaramite, magnesiokato-
phorite) found as inclusions in the garnets crystallized during
prograde to peak metamorphism, i.e. epidote-blueschist/ epi-
dote-amphibolite to eclogite facies metamorphism.

Amp4 is a constituent of symplectite of amphibole and
albite after omphacite (X;4=0.27-0.43), and is represented
by sodic- and sodic-calcic-amphibole (winchite, barroisite,
magnesiokatophorite and glaucophane). The cores of Amp4
(winchite, barroisite, magnesiokatophorite to glaucophane)
probably formed during the prograde metamorphism,
whereas the rims (barroisite, magnesiokatophorite) formed
in epidote-amphibolite facies conditions during retrograde
metamorphism (Kabir and Takasu, 2010a).

Amphibole in the matrix (Amp3) is strongly zoned,
with resorbed barroisite cores, glaucophane mantles,
winchite-barroisite-magnesiokatophorite-magnesiotaramite
rims, and edenite-ferropargasite outermost rims. This occur-
rence probably corresponds to the third high-pressure
metamorphic event identified by Kabir and Takasu (2010a,
b), and was stable under the glaucophane schist facies to
the epidote-amphibolite facies conditions prevailing at the
metamorphic peak, and in lower-grade greenschist facies
conditions during subsequent retrograde metamorphism.
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Table 1. Representative chemical compositions of amphiboles from the northeastern part of the Seba eclogitic basic schists.

Sample KSB-5
Analysis 28 34 46 50 52 59 60 61 74 75 76 90 271 272 90 277 283 284 287
Amp3  Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3 Amp3
Mkt Mkt Mtm Mkt Mtm Mtm Mkt Mtm Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt
SiO, 46.00 45.88 43.68  46.30 43.90 43.70 4434 4236 46.15 46.50 45.56 44.44 47.81 47.05 44.44 47.44 47.47 48.46 46.36
Tio, 0.20 0.31 0.18 0.34 0.22 0.27 0.31 0.37 0.35 0.31 0.25 0.27 0.29 0.37 0.27 0.29 0.29 0.27 0.34
ALO; 12.06 12.28 14.49 12.14 14.14 13.61 12.97 14.97 11.13 11.09 11.42 12.46 11.52 11.39 12.46 10.88 11.32 10.83 11.54
FeO* 16.88 16.77 17.08 16.78 16.82 17.10 16.32 16.77 14.96 14.62 15.18 15.39 15.26 1541 15.39 14.10 14.70 14.42 15.44
MnO 0.28 0.27 0.27 0.32 0.24 0.26 0.21 0.23 0.27 0.18 0.22 0.19 0.20 0.22 0.19 0.18 0.22 0.24 0.26
MgO 9.84 9.47 8.76 9.82 8.86 9.51 9.87 8.91 11.22 11.34 11.07 10.89 11.29 11.49 10.89 12.25 11.77 12.00 11.19
CaO 7.48 7.31 7.92 7.46 7.78 7.94 7.88 8.15 7.69 7.41 8.08 8.38 7.31 8.15 8.38 8.23 8.44 7.41 8.36
Na,0 4.65 4.72 4.67 4.60 4.81 4.48 4.56 4.52 4.50 4.58 4.22 4.16 4.79 4.35 4.16 4.20 4.15 4.83 4.14
K,0 0.41 0.42 0.55 0.45 0.55 0.55 0.53 0.70 0.40 0.35 0.47 0.59 0.38 0.50 0.59 0.50 0.47 0.33 0.53
Total 97.80 97.43 97.60  98.21 97.32 97.42 96.99 96.98  96.67 96.38 96.47 96.77 98.85  98.93 96.77 98.07 98.83 98.79 98.16
Cations on the basis of 23 oxygens
Si 6.69 6.70 6.42 6.70 6.47 6.41 6.52 6.27 6.74 6.78 6.68 6.52 6.80 6.72 6.52 6.79 6.78 6.88 6.69
Ti 0.02 0.03 0.02 0.04 0.02 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.04
Al 2.07 2.11 2.51 2.07 2.46 235 225 2.61 1.91 1.91 1.97 2.15 1.93 1.92 2.15 1.84 1.91 1.81 1.96
Fe™ 0.79 0.70 0.69 0.77 0.62 0.90 0.76 0.74 0.77 0.78 0.77 0.82 0.78 0.76 0.82 0.72 0.66 0.74 0.73
Fe*’ 1.26 1.35 1.41 1.26 1.45 1.20 1.24 1.33 1.05 1.01 1.09 1.07 1.04 1.08 1.07 0.97 1.09 0.98 1.13
Mn 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.03
Mg 2.13 2.06 1.92 212 1.95 2.08 2.16 1.97 2.44 2.47 242 2.38 239 245 2.38 2.61 2.50 2.54 2.41
Ca 1.17 1.14 1.25 1.16 1.23 1.25 1.24 1.29 1.20 1.16 1.27 1.32 1.11 1.25 1.32 1.26 1.29 1.13 1.29
Na 1.31 1.34 1.33 1.29 1.38 1.28 1.30 1.30 127 1.29 1.20 1.18 1.32 1.21 1.18 1.17 1.15 1.33 1.16
K 0.08 0.08 0.10 0.08 0.10 0.10 0.10 0.13 0.08 0.06 0.09 0.11 0.07 0.09 0.11 0.09 0.09 0.06 0.10
Total 15.55 15.54 15.68 15.53 15.71 15.63 15.63 15.71 15.53 15.51 15.55 15.60 15.51 15.55 15.60 15.50 15.53 15.53 15.55
*Total Fe as FeO
Sample KSB-5
Analysis 288 292 107 107 111 112 117 120 128 133 134 136 137 60 93 98 100 2 6
Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3 Amp3
Mkt Mkt Mkt Mkt Mkt Trm Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mkt Mtm Mkt
SiO, 46.96 46.85 4396  44.94 46.26 40.55 47.10 43.69 4547 46.22 44.61 47.53 4534 4391 46.86 45.12 47.74 41.67 46.57
TiO, 0.29 0.29 0.28 0.18 0.18 0.17 0.30 0.44 0.24 0.27 0.22 0.29 0.42 0.37 0.29 0.33 0.36 0.26 033
ALO, 11.54 11.10 12.01 11.56 11.69 15.55 10.31 12.03 12.41 10.82 11.56 10.30 11.54 12.66 9.74 10.19 11.21 13.98 11.14
FeO* 15.18 14.95 17.92 18.20 16.34 18.40 15.56 17.97 17.31 16.31 17.04 15.55 16.54 16.53 15.55 16.82 14.35 19.22 17.61
MnO 0.21 0.19 0.23 0.30 0.33 0.28 0.24 0.25 0.20 0.31 0.22 0.26 0.27 0.25 0.25 0.18 0.23 0.18 0.23
MgO 11.63 12.02 8.58 8.49 9.03 6.96 10.00 9.00 8.58 9.75 9.22 10.52 9.58 9.03 10.68 10.23 10.26 833 9.14
CaO 8.06 8.50 8.28 7.72 7.33 8.72 7.27 8.83 7.34 8.06 8.17 7.77 8.26 8.36 8.24 8.16 7.09 8.82 7.52
Na,0 4.58 4.00 4.12 4.48 5.04 4.35 4.47 4.08 4.71 4.20 4.19 4.24 4.18 4.51 4.10 4.02 4.65 4.55 4.47
K,0 0.46 0.48 0.70 0.50 0.37 0.89 0.34 0.62 0.40 0.46 0.57 0.43 0.49 0.56 0.56 0.64 0.36 0.73 0.39
Total 98.91 98.38 96.08  96.37 96.57 95.87 95.59 96.91  96.66 96.40 95.80 96.89 96.62  96.18 96.27 95.69 96.25 97.74 97.40
Cations on the basis of 23 oxygens
Si 6.71 6.71 6.62 6.73 6.86 6.20 6.99 6.54 6.74 6.85 6.70 6.96 6.73 6.59 6.95 6.75 6.99 6.23 6.84
Ti 0.03 0.03 0.03 0.02 0.02 0.02 0.03 0.05 0.03 0.03 0.03 0.03 0.05 0.04 0.03 0.04 0.04 0.03 0.04
Al 1.94 1.87 2.13 2.04 2.04 2.80 1.80 2.12 2.17 1.89 2.05 1.78 2.02 2.24 1.70 1.80 1.94 2.46 1.93
Fe™ 0.76 0.83 0.55 0.59 0.33 0.44 0.49 0.57 0.54 0.48 0.55 0.52 0.51 0.39 0.44 0.71 0.38 0.74 0.61
Fe*" 1.06 0.96 1.71 1.68 1.70 191 1.44 1.68 1.60 1.54 1.59 138 1.55 1.69 1.49 1.39 138 1.66 1.56
Mn 0.03 0.02 0.03 0.04 0.04 0.04 0.03 0.03 0.02 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.03
Mg 248 2.57 1.93 1.90 2.00 1.59 221 2.01 1.90 2.16 2.06 2.30 2.12 2.02 2.36 228 224 1.86 2.00
Ca 1.23 1.30 1.34 1.24 1.17 1.43 1.15 1.42 1.17 1.28 1.31 1.22 1.31 1.34 1.31 1.31 111 1.41 1.18
Na 1.27 111 1.20 1.30 1.45 1.29 1.29 1.18 1.35 1.21 1.22 1.20 1.20 1.31 1.18 1.17 1.32 1.32 1.27
K 0.08 0.09 0.13 0.10 0.07 0.17 0.07 0.12 0.08 0.09 0.11 0.08 0.09 0.11 0.11 0.12 0.07 0.14 0.07
Total 15.58 15.49 15.67 15.64 15.68 15.89 15.50 15.72 15.60 15.57 15.65 15.50 15.61 15.76 15.60 15.59 15.50 15.87 15.53
*Total Fe as FeO
Sample KSB-5
Analysis 36 37 38 39 23 36 153 156 31 32 35 138 139 51 87 89 87 89 289
Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3  Amp3  Amp3 Amp3 Amp3 Amp3 Amp3
Mkt Mkt Mkt Mkt Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs
SiO, 46.07 46.20 4584 4433 47.10 4831 52.04 4994 50.22 48.69 46.71 47.41 4812 47.69 49.00 46.99 49.00 46.99 48.27
TiO, 0.25 0.19 0.20 0.25 0.25 0.15 0.11 0.11 0.18 0.26 0.20 0.20 0.13 0.29 0.24 0.33 0.24 0.33 0.22
ALO; 12.34 12.39 12.48 13.19 11.08 8.64 9.49 7.52 9.72 10.51 11.74 10.43 10.64 11.26 10.63 10.98 10.63 10.98 11.09
FeO* 16.60 16.97 17.13 17.61 16.76 16.70 14.80 16.38 15.09 15.50 16.75 15.08 15.33 15.64 14.16 14.87 14.16 14.87 14.94
MnO 0.24 0.29 0.27 0.28 0.17 0.20 0.22 0.28 0.23 0.22 0.27 0.21 0.27 0.27 0.20 0.20 0.20 0.20 0.17
MgO 9.54 9.72 9.22 8.65 9.81 10.58 10.62 11.48 10.78 10.61 9.86 9.88 9.88 10.53 11.52 11.29 11.52 11.29 11.55
CaO 7.28 7.22 7.17 8.11 7.10 8.08 4.88 7.46 5.96 6.67 7.11 6.99 6.54 6.57 6.67 7.64 6.67 7.64 733
Na,O 4.62 4.83 4.93 4.47 4.46 4.08 5.25 4.17 5.07 4.78 4.68 4.60 4.75 4.85 4.80 4.34 4.80 4.34 4.64
K,0 0.41 0.39 0.40 0.53 0.38 0.31 0.16 0.24 0.20 0.31 0.39 0.30 0.28 0.34 0.32 0.39 0.32 0.39 0.38
Total 97.35 98.20 97.64  97.42 97.11 97.05 97.57 97.58  97.45 97.55 97.71 95.10 9593  97.44 97.54 97.03 97.54 97.03 98.59
Cations on the basis of 23 oxygens
Si 6.72 6.68 6.69 6.56 6.87 7.09 7.37 7.22 7.20 7.01 6.77 7.05 7.06 6.87 7.00 6.82 7.00 6.82 6.86
Ti 0.03 0.02 0.02 0.03 0.03 0.02 0.01 0.01 0.02 0.03 0.02 0.02 0.01 0.03 0.03 0.04 0.03 0.04 0.02
Al 2.12 2.11 215 230 1.90 1.50 1.58 1.28 1.64 1.78 2.01 1.83 1.84 1.91 1.79 1.88 1.79 1.88 1.86
Fe™" 0.72 0.82 0.70 0.59 0.75 0.52 0.69 0.74 0.65 0.68 0.80 0.41 0.53 0.83 0.71 0.75 0.71 0.75 0.78
Fe* 1.30 1.23 1.39 1.59 1.29 1.53 1.07 1.24 1.16 1.18 1.23 1.47 1.35 1.06 0.98 1.05 0.98 1.05 1.00
Mn 0.03 0.04 0.03 0.04 0.02 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
Mg 2.07 2.10 2.01 1.91 2.13 2.32 224 2.47 2.30 2.28 2.13 2.19 2.16 2.26 245 2.44 2.45 2.44 245
Ca 1.14 1.12 1.12 1.28 111 1.27 0.74 1.15 0.91 1.03 1.10 111 1.03 1.01 1.02 1.19 1.02 1.19 1.12
Na 1.31 1.35 1.39 1.28 1.26 1.16 1.44 1.17 1.41 1.33 1.32 1.33 1.35 1.35 1.33 1.22 1.33 1.22 1.28
K 0.08 0.07 0.07 0.10 0.07 0.06 0.03 0.04 0.04 0.06 0.07 0.06 0.05 0.06 0.06 0.07 0.06 0.07 0.07
Total 15.52 15.54 15.57  15.68 15.43 15.50 15.20 15.35 15.36 15.41 15.48 15.50 15.41 15.41 15.39 15.48 15.39 15.48 15.46
*Total Fe as FeO
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Table 1. (continued)
Sample KSB-5
Analysis 290 297 298 299 300 106 94 99 5 143 269 33 34 153 154 155 156 157 158
Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3 Amp3
Brs Brs Brs Brs Brs Brs Brs Brs Brs ‘Wnc Gln Gln Gln Brs Gln Gln Brs Fe-Prg Ed
Core — — — — Rim
SiO, 4830 53.56 50.07  48.16 46.79 47.00 50.02 48.36 4751 51.33 56.60 56.29 5591  52.04 55.73 55.73 49.94 42.71 45.38
TiO, 0.29 0.10 0.19 0.25 0.29 0.25 0.20 0.33 0.19 0.11 0.00 0.01 0.00 0.11 0.02 0.01 0.11 0.15 0.16
AL O, 11.25 9.69 11.00 11.04 10.27 10.81 10.16 11.24 10.59 6.61 9.69 9.72 9.70 9.49 9.67 9.24 7.52 12.14 9.91
FeO* 14.09 12.80 13.79 14.64 13.72 17.08 13.88 1423 18.15 13.73 12.15 13.10 13.05  14.80 13.55 13.62 16.38 19.00 18.50
MnO 0.24 0.16 0.20 0.18 0.22 0.21 0.16 0.18 0.15 0.22 0.10 0.16 0.16 0.22 0.17 0.12 0.28 0.30 0.27
MgO 11.75 12.26 11.71 11.87 12.59 9.17 10.81 10.26 9.11 11.58 11.43 10.15 10.11  10.62 9.86 9.73 11.48 8.54 9.64
CaO 7.50 4.64 6.58 7.71 7.99 7.17 6.40 6.98 7.02 7.52 1.95 1.47 1.47 4.88 1.97 1.79 7.46 11.23 9.45
Na,O 4.59 5.50 4.96 4.52 4.11 4.48 4.79 4.66 4.54 3.53 6.50 6.78 6.73 525 6.57 6.66 4.17 322 3.79
K,0 0.41 0.18 0.36 0.37 0.47 0.35 0.25 0.34 0.37 0.21 0.10 0.03 0.03 0.16 0.04 0.03 0.24 0.56 0.56
Total 98.42 98.89 98.86  98.80 96.45 96.52 96.67 96.58  97.63 94.84 98.52 97.71 97.16  97.57 97.58 96.92 97.58 97.85 97.66
Cations on the basis of 23 oxygens
Si 6.88 7.39 7.05 6.84 6.79 6.94 7.22 7.04 6.94 7.57 7.72 7.79 7.77 7.37 7.76 7.82 7.22 6.45 6.76
Ti 0.03 0.01 0.02 0.03 0.03 0.03 0.02 0.04 0.02 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.02 0.02
Al 1.89 1.58 1.83 1.85 1.76 1.88 1.73 1.93 1.82 1.15 1.56 1.58 1.59 1.58 1.59 1.53 1.28 2.16 1.74
Fe’ 0.67 0.74 0.63 0.73 0.87 0.57 0.41 0.35 0.71 0.26 0.70 0.58 0.60 0.69 0.51 0.47 0.74 0.20 0.49
Fe* 1.01 0.74 0.99 1.02 0.80 1.54 1.27 1.39 1.51 1.44 0.69 0.93 0.92 1.07 1.07 1.13 1.24 2.20 1.82
Mn 0.03 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.01 0.02 0.02 0.03 0.02 0.01 0.03 0.04 0.03
Mg 2.49 2.52 2.46 2.52 272 2.02 233 223 1.98 2.55 232 2.09 2.10 224 2.05 2.03 247 1.92 2.14
Ca 1.14 0.69 0.99 1.18 1.24 1.13 0.99 1.09 1.10 1.19 0.29 0.22 0.22 0.74 0.29 0.27 1.15 1.82 1.51
Na 1.27 1.47 1.35 1.25 1.16 1.28 1.34 1.32 1.28 1.01 1.72 1.82 1.81 1.44 1.78 1.81 1.17 0.94 1.09
K 0.07 0.03 0.06 0.07 0.09 0.07 0.05 0.06 0.07 0.04 0.02 0.00 0.00 0.03 0.01 0.01 0.04 0.11 0.11
Total 15.48 15.19 15.40 15.51 15.49 15.49 15.38 15.47 15.45 15.24 15.03 15.03 15.03 15.20 15.07 15.08 15.35 15.86 15.71
*Total Fe as FeO
Sample KSB-5
Analysis 6 11 45 50 53 15 16 13 3 4 5 7 8 9 10 12 13 14 15
Amp4  Amp4 Amp4  Amp4  Amp4 Amp4  Amp4d  Amp4 Ampd  Amp4 Amp4  Amp4  Amp4  Amp4  Amp4d Amp4 Amp4 Amp4 Amp4
Mkt Mkt Mkt Mkt Mkt Mkt Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs
Si0, 47.36 47.54 48.06  45.86 46.03 45.99 48.32 49.45 50.44 47.63 47.63 49.61 51.20 4841 48.21 50.14 48.39 48.98 49.27
TiO, 0.20 0.22 0.20 0.28 0.33 0.31 0.19 0.25 0.20 0.27 0.25 0.17 0.12 0.22 0.24 0.23 0.31 0.22 0.25
AlLO4 9.23 8.76 10.56 10.10 9.93 9.84 9.37 10.55 10.63 7.30 8.22 6.88 7.55 9.12 9.01 10.17 10.40 9.65 8.90
FeO* 17.58 17.64 14.62 16.02 15.59 15.93 15.81 14.37 14.46 17.18 17.01 16.35 14.91 16.31 16.82 14.24 14.90 14.56 14.60
MnO 0.24 0.28 0.18 0.19 0.17 0.19 0.25 0.17 0.19 0.28 0.25 0.29 0.23 0.28 0.25 0.15 0.16 0.17 0.17
MgO 10.38 10.75 10.93 11.73 11.76 11.23 11.38 11.02 10.25 11.88 11.32 11.66 11.71 10.62 10.58 11.22 11.35 11.52 12.12
Ca0 7.25 7.88 7.30 9.22 8.90 8.79 7.49 6.29 5.58 8.86 8.09 7.86 6.65 6.53 6.87 6.00 7.37 7.37 7.53
Na,0O 4.67 4.32 4.64 3.73 3.92 3.72 4.42 4.82 5.01 3.52 3.85 4.01 422 4.67 4.49 4.98 4.37 4.35 3.96
K,0 0.30 0.37 0.32 0.46 0.43 0.51 0.30 0.25 0.19 0.38 0.34 0.27 0.18 0.27 0.29 0.21 0.28 0.25 0.26
Total 97.21 97.76 96.81 97.58 97.06 96.51 97.53 97.17  96.94 97.30 96.96 97.10 96.77  96.44 96.76 97.34 97.53 97.07 97.06
Cations on the basis of 23 oxygens
Si 6.93 6.94 6.99 6.69 6.74 6.79 6.98 7.09 7.23 6.97 6.97 7.23 7.37 7.06 7.03 7.16 6.95 7.07 7.09
Ti 0.02 0.02 0.02 0.03 0.04 0.03 0.02 0.03 0.02 0.03 0.03 0.02 0.01 0.02 0.03 0.02 0.03 0.02 0.03
Al 1.59 1.51 1.81 1.74 1.71 1.71 1.60 1.78 1.80 1.26 1.42 1.18 1.28 1.57 1.55 1.71 1.76 1.64 1.51
Fe'" 0.84 0.81 0.51 0.78 0.73 0.70 0.78 0.66 0.55 0.88 0.89 0.67 0.69 0.83 0.85 0.67 0.72 0.62 0.79
Fe* 1.32 1.34 1.26 1.17 1.17 1.27 1.13 1.06 1.18 1.23 1.19 1.32 1.10 1.16 1.20 1.03 1.07 1.14 0.96
Mn 0.03 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02
Mg 2.27 2.34 2.37 2.55 2.57 2.47 245 235 2.19 2.59 2.47 2.54 2.51 231 2.30 2.39 243 2.48 2.60
Ca 1.14 1.23 1.14 1.44 1.40 1.39 1.16 0.97 0.86 1.39 1.27 1.23 1.03 1.02 1.07 0.92 1.13 1.14 1.16
Na 1.32 1.22 1.31 1.06 111 1.06 1.24 1.34 1.39 1.00 1.09 1.13 1.18 1.32 1.27 1.38 1.22 1.22 1.10
K 0.06 0.07 0.06 0.09 0.08 0.10 0.06 0.05 0.04 0.07 0.06 0.05 0.03 0.05 0.05 0.04 0.05 0.05 0.05
Total 15.52 15.51 15.49 15.57 15.59 15.54 15.45 15.35 15.28 15.45 15.42 15.41 15.23 15.37 15.38 15.34 15.38 15.40 15.31
*Total Fe as FeO
Sample KSB-5
Analysis 16 18 19 20 21 22 23 24 25 26 27 29 40 41 42 43 44 46 47
Amp4  Amp4 Amp: Amp4  Amp4 Amp4d  Amp4d Amp4d Ampd  Amp4 Amp4 Amp4  Amp: Amp4  Amp4 Amp4 Amp4 Amp4 Amp4
Win Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Brs Win Brs
SiO, 53.83 51.81 4850  48.63 52.80 49.70 49.93 4790  48.00 50.16 49.92 49.97 51.57  51.01 52.76 48.87 47.84 53.36 50.78
TiO, 0.12 0.16 0.25 0.30 0.12 0.23 0.21 0.26 0.28 0.17 0.19 0.19 0.16 0.16 0.09 0.16 0.15 0.05 0.16
AlO5 9.55 6.89 8.91 8.96 9.16 10.44 10.84 9.87 10.04 7.45 7.41 7.95 7.49 8.39 8.17 9.22 9.97 5.79 8.95
FeO* 12.83 13.76 15.15 15.16 13.32 14.21 13.92 15.64 15.08 14.65 14.30 14.66 13.75 14.48 1331 14.25 14.96 12.63 13.57
MnO 0.12 0.15 0.18 0.17 0.15 0.19 0.18 0.14 0.17 0.14 0.16 0.14 0.17 0.18 0.15 0.18 0.14 0.24 0.22
MgO 11.10 13.05 11.99 11.99 11.47 10.98 10.93 11.52 11.55 13.15 13.15 12.70 12.55 12.17 12.14 12.15 11.56 13.74 11.72
CaO 3.41 6.78 7.63 727 4.47 6.30 6.01 7.69 7.68 8.06 8.34 8.07 6.15 7.05 5.50 8.14 7.90 6.70 6.57
Na,O 5.71 4.30 4.23 4.37 5.54 4.85 5.08 4.25 4.32 3.73 3.49 3.81 4.59 4.54 4.92 3.78 4.28 3.95 4.57
K,O 0.12 0.16 0.27 0.28 0.14 0.25 0.23 0.31 0.33 0.27 0.29 0.28 0.14 0.19 0.14 0.27 0.29 0.10 0.21
Total 96.79 97.06 97.11 97.14 97.17 97.15 97.33 97.58  97.45 97.78 97.25 97.77 96.57  98.17 97.18 97.02 97.09 96.56 96.75
Cations on the basis of 23 oxygens
Si 7.56 7.39 7.01 7.01 7.45 7.13 7.14 6.91 6.93 7.16 7.17 7.15 7.38 7.25 7.47 7.06 6.94 7.58 7.30
Ti 0.01 0.02 0.03 0.03 0.01 0.03 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02
Al 1.58 1.16 1.52 1.52 1.52 1.76 1.83 1.68 1.71 1.25 1.25 1.34 1.26 1.41 1.36 1.57 1.71 0.97 1.52
Fe™ 0.67 0.74 0.81 0.86 0.64 0.59 0.56 0.82 0.72 0.84 0.78 0.73 0.76 0.62 0.63 0.66 0.66 0.71 0.52
Fe*" 0.84 0.90 1.03 0.97 0.93 111 1.10 1.07 1.10 0.90 0.94 1.03 0.88 1.10 0.94 1.06 1.16 0.79 1.11
Mn 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03
Mg 232 2.77 2.58 2.58 2.41 2.35 233 2.48 2.48 2.80 2.81 2.71 2.68 2.58 2.56 2.61 2.50 291 2.51
Ca 0.51 1.04 1.18 1.12 0.68 0.97 0.92 1.19 1.19 1.23 1.28 1.24 0.94 1.07 0.83 1.26 1.23 1.02 1.01
Na 1.56 1.19 1.18 1.22 1.52 1.35 1.41 1.19 121 1.03 0.97 1.06 1.27 1.25 1.35 1.06 1.20 1.09 1.27
K 0.02 0.03 0.05 0.05 0.03 0.05 0.04 0.06 0.06 0.05 0.05 0.05 0.03 0.04 0.02 0.05 0.05 0.02 0.04
Total 15.08 15.26 15.41 15.40 15.21 15.36 15.37 15.44 15.45 15.30 15.29 15.34 15.24 15.36 15.19 15.37 15.49 15.13 15.33
*Total Fe as FeO
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Table 1. (continued)
Sample KSB-5
Analysis 48 49 54 3 14 17 4 6 7 10 11 12 17 18 19 20 22 23 24
Amp4  Amp4 Amp4  Amp4  Amp4 Amp4  Amp4  Amp4 Ampd  Amp4 Amp4  Amp4d  Amp4 Amp4d  Amp4 Amp4 Amp4 Amp4 Amp4
Brs Brs Brs Win Brs Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Brs
Core
SiO, 48.31 48.89 4770 5375 50.55 55.67 55.54 5376 54.46 56.31 56.05 55.76 5589 56.26 56.63 55.46 56.46 56.14 47.90
TiO, 0.26 0.26 0.25 0.10 0.25 0.08 0.04 0.09 0.04 0.08 0.00 0.04 0.05 0.02 0.05 0.10 0.05 0.06 0.26
ALO; 10.82 9.70 9.29 8.64 10.79 8.58 8.66 9.15 9.14 9.59 10.01 9.58 9.30 9.18 8.98 9.23 9.49 9.41 9.87
FeO* 14.71 14.48 14.92 12.76 13.21 12.32 12.70 13.09 13.87 12.11 12.56 12.66 12.70 12.74 1233 12.12 12.61 12.65 15.64
MnO 0.16 0.19 0.21 0.13 0.15 0.11 0.13 0.15 0.15 0.11 0.13 0.17 0.14 0.11 0.11 0.12 0.15 0.11 0.14
MgO 11.02 11.65 12.11 11.66 11.07 11.58 11.45 10.93 10.52 11.05 10.61 10.56 10.67 10.47 10.91 11.02 10.60 10.71 11.52
CaO 7.05 7.38 8.89 4.06 6.13 2.99 2.67 3.09 2.78 221 1.93 2.24 2.42 1.65 1.77 2.73 1.75 2.11 7.69
Na,O 4.60 4.38 3.71 5.39 4.87 5.92 5.98 5.68 5.93 6.41 6.59 6.41 6.27 6.64 6.50 6.05 6.54 6.25 425
K,0 0.33 0.30 0.37 0.14 0.24 0.08 0.05 0.08 0.08 0.06 0.06 0.04 0.06 0.04 0.04 0.08 0.05 0.05 0.31
Total 97.26 97.23 9745 96.63 97.26 97.33 97.22 96.02  96.97 97.93 97.94 97.46 97.50  97.11 97.32 96.91 97.70 97.49 97.57
Cations on the basis of 23 oxygens
Si 6.97 7.04 6.92 7.58 7.21 7.73 7.71 7.60 7.64 7.75 7.73 7.5 7.76 7.82 7.83 7.5 7.79 7.77 6.91
Ti 0.03 0.03 0.03 0.01 0.03 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.03
Al 1.84 1.65 1.59 1.44 1.81 1.40 1.42 1.52 1.51 1.56 1.63 1.57 1.52 1.50 1.46 1.52 1.54 1.53 1.68
Fe™" 0.64 0.64 0.64 0.66 0.45 0.60 0.73 0.76 0.74 0.54 0.57 0.52 0.51 0.55 0.58 0.50 0.58 0.60 0.82
Fe* 1.13 1.10 1.17 0.85 1.12 0.83 0.74 0.79 0.89 0.85 0.88 0.95 0.96 0.93 0.85 0.91 0.88 0.86 1.07
Mn 0.02 0.02 0.03 0.01 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.02
Mg 237 2.50 2.62 245 235 2.40 237 2.30 2.20 227 2.18 2.19 221 2.17 225 229 2.18 221 248
Ca 1.09 1.14 138 0.61 0.94 0.45 0.40 0.47 0.42 0.33 0.29 0.33 0.36 0.25 0.26 0.41 0.26 0.31 1.19
Na 1.29 1.22 1.04 1.47 1.35 1.59 1.61 1.56 1.61 1.71 1.76 1.73 1.69 1.79 1.74 1.64 1.75 1.68 1.19
K 0.06 0.05 0.07 0.02 0.04 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 0.06
Total 15.44 15.39 1549 15.10 15.32 15.03 15.01 15.04 15.04 15.04 15.06 15.07 15.05 15.03 15.00 15.05 15.01 14.99 15.44
*Total Fe as FeO
Sample KSB-5
Analysis 23 22 16 17 21 20 19 18 1 2 107 147 111 112 113 114 115 116 117
Amp4  Amp4 Amp4  Amp4  Amp4 Amp4  Amp4d  Amp4 Ampl Ampl Ampl Ampl Amp2  Amp2  Amp2 Amp2 Amp2 Amp2 Amp2
Brs Brs Wnc Gln Brs Brs Brs Brs Mtm Mtm Mkt Trm Mtm Brs Mkt Brs Mkt Mtm Brs
— — — — — — — Rim
SiO, 49.93 49.70 5383 55.67 52.80 48.63 48.50 51.81 43.33 43.12 46.63 41.00 4253 41.53 45.63 47.98 44.92 43.18 48.71
TiO, 0.21 0.23 0.12 0.08 0.12 0.30 0.25 0.16 0.69 0.65 0.14 0.67 0.29 0.16 0.21 0.13 0.18 0.19 0.19
Al,O5 10.84 10.44 9.55 8.58 9.16 8.96 8.91 6.89 13.19 13.19 11.46 15.41 13.60  13.70 11.00 9.09 12.19 13.34 9.65
FeO* 13.92 14.21 12.83 12.32 13.32 15.16 15.15 13.76 18.41 18.03 17.50 21.74 18.69  20.61 18.09 17.15 18.41 18.31 16.47
MnO 0.18 0.19 0.12 0.11 0.15 0.17 0.18 0.15 0.28 0.25 0.30 0.69 0.26 0.59 0.28 0.27 0.33 0.30 0.28
MgO 10.93 10.98 11.10  11.58 11.47 11.99 11.99 13.05 8.38 8.59 9.47 5.97 831 8.12 9.78 10.65 9.37 8.76 10.47
CaO 6.01 6.30 3.41 2.99 4.47 7.27 7.63 6.78 7.39 7.43 6.87 8.25 7.89 7.82 7.96 7.46 7.95 8.32 6.65
Na,O 5.08 4.85 5.71 5.92 5.54 4.37 4.23 4.30 4.98 4.77 4.94 4.27 4.83 3.50 4.33 4.38 4.51 4.55 4.66
K,0 0.23 0.25 0.12 0.08 0.14 0.28 0.27 0.16 0.30 0.38 0.37 0.21 0.57 0.62 0.56 0.37 0.56 0.71 0.27
Total 97.33 97.15 96.79  97.33 97.17 97.13 97.11 97.06  96.95 96.41 97.68 98.21 96.94  96.65 97.84 97.48 98.42 97.66 97.41
Cations on the basis of 23 oxygens
Si 7.14 7.13 7.56 7.73 7.45 7.01 7.01 7.39 6.44 6.42 6.79 6.10 6.35 6.16 6.69 6.99 6.56 6.40 7.05
Ti 0.02 0.03 0.01 0.01 0.01 0.03 0.03 0.02 0.08 0.07 0.02 0.07 0.03 0.02 0.02 0.01 0.02 0.02 0.02
Al 1.83 1.76 1.58 1.40 1.52 1.52 1.52 1.16 2.31 232 1.97 2.70 2.39 2.39 1.90 1.56 2.10 233 1.64
Fe™ 0.56 0.59 0.67 0.60 0.64 0.86 0.81 0.74 0.82 0.87 0.81 1.03 0.80 1.64 0.85 0.80 0.88 0.73 0.80
Fe*" 1.10 1.11 0.84 0.83 0.93 0.97 1.03 0.90 1.46 138 1.32 1.67 1.54 0.92 1.37 1.29 1.36 1.54 1.19
Mn 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.04 0.03 0.04 0.09 0.03 0.07 0.03 0.03 0.04 0.04 0.03
Mg 233 2.35 232 2.40 241 2.58 2.58 2.77 1.86 1.91 2.06 1.32 1.85 1.79 2.14 231 2.04 1.94 2.26
Ca 0.92 0.97 0.51 0.45 0.68 1.12 1.18 1.04 1.18 1.19 1.07 1.32 1.26 1.24 1.25 1.16 1.24 1.32 1.03
Na 1.41 1.35 1.56 1.59 1.52 1.22 1.18 1.19 1.43 1.38 1.39 1.23 1.40 1.01 1.23 1.24 1.28 1.31 1.30
K 0.04 0.05 0.02 0.01 0.03 0.05 0.05 0.03 0.06 0.07 0.07 0.04 0.11 0.12 0.10 0.07 0.11 0.13 0.05
Total 15.37 15.36 15.09 15.03 15.21 15.38 15.39 15.26 15.68 15.64 15.52 15.57 15.76 15.36 15.58 15.46 15.63 15.76 15.37
*Total Fe as FeO
Sample KSB-5
Analysis 118 119 120 121 122 123 124 102 103 54 55 118 119 122 111 115 116 113 114
Amp2  Amp2 Amp2  Amp2  Amp2 Amp2 Amp2  Amp2  Amp2  Amp2 Amp2 Amp2 Amp2  Amp2  Amp2 Amp2 Amp2 Amp2 Amp2
Brs Brs Mkt Brs Brs Mkt Mkt Brs Brs Brs Brs Brs Brs Brs Mtm Mkt Mtm Mkt Brs
Core — — — — — — Rim
SiO, 49.56 49.54 47.16 4815 49.80 4825 46.59 50.62  48.55 50.06 49.47 49.56 4954 49.80 42.53 44.92 43.18 45.63 47.98
TiO, 0.20 0.24 0.16 0.10 0.18 0.15 0.13 0.20 0.20 0.20 0.21 0.20 0.24 0.18 0.29 0.18 0.19 0.21 0.13
ALO; 10.17 10.78 10.05 8.75 9.99 9.74 11.42 10.54 9.71 9.91 10.52 10.17 10.78 9.99 13.60 12.19 13.34 11.00 9.09
FeO* 16.09 15.53 17.07 16.91 15.13 17.57 16.97 14.46 16.48 15.36 15.87 16.09 15.53 15.13 18.69 18.41 18.31 18.09 17.15
MnO 0.24 0.31 0.26 0.28 0.28 0.34 0.28 0.27 0.25 0.27 0.22 0.24 0.31 0.28 0.26 0.33 0.30 0.28 0.27
MgO 10.38 10.30 10.41 11.06 10.49 10.25 9.59 10.06 10.07 9.60 9.79 10.38 10.30 10.49 831 9.37 8.76 9.78 10.65
CaO 6.08 6.10 7.44 7.35 5.68 7.40 6.87 6.12 7.15 5.83 6.37 6.08 6.10 5.68 7.89 7.95 832 7.96 7.46
Na,O 4.86 5.06 4.58 4.45 5.01 4.86 4.85 4.79 4.49 4.98 4.76 4.86 5.06 5.01 4.83 4.51 4.55 4.33 4.38
K,0 0.24 0.24 0.38 0.30 0.19 0.38 0.36 0.26 0.35 0.24 0.28 0.24 0.24 0.19 0.57 0.56 0.71 0.56 0.37
Total 97.82 98.10 97.51 97.35 96.75 98.94 97.06 9732 97.25 96.45 97.49 97.82 98.10  96.75 96.97 98.42 97.66 97.84 97.48
Cations on the basis of 23 oxygens
Si 7.09 7.08 6.88 7.00 7.17 6.95 6.81 727 7.08 7.29 7.14 7.09 7.08 7.17 6.35 6.56 6.40 6.69 6.99
Ti 0.02 0.03 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.01
Al 1.72 1.81 1.73 1.50 1.70 1.65 1.97 1.78 1.67 1.70 1.79 1.72 1.81 1.70 239 2.10 233 1.90 1.56
Fe™" 0.80 0.67 0.80 0.88 0.73 0.68 0.78 0.37 0.57 0.41 0.53 0.80 0.67 0.73 0.80 0.88 0.73 0.85 0.80
Fe*" 1.13 1.18 1.28 1.18 1.09 1.44 1.30 1.37 1.44 1.46 1.38 1.13 1.18 1.09 1.54 1.36 1.54 1.37 1.29
Mn 0.03 0.04 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.04 0.03 0.03
Mg 221 2.19 2.26 2.40 225 2.20 2.09 2.15 2.19 2.08 2.11 221 2.19 225 1.85 2.04 1.94 2.14 231
Ca 0.93 0.93 1.16 1.15 0.88 1.14 1.08 0.94 1.12 0.91 0.98 0.93 0.93 0.88 1.26 1.24 1.32 1.25 1.16
Na 1.35 1.40 1.29 1.25 1.40 1.36 1.38 133 1.27 1.41 1.33 1.35 1.40 1.40 1.40 1.28 1.31 123 1.24
K 0.04 0.04 0.07 0.06 0.04 0.07 0.07 0.05 0.06 0.04 0.05 0.04 0.04 0.04 0.11 0.11 0.13 0.10 0.07
Total 15.32 15.37 15.52 15.46 15.31 15.55 15.52 15.31 15.45 15.35 15.36 15.32 15.37 15.31 15.76 15.63 15.76 15.58 15.46

*Total Fe as FeO



