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Phengites in garnet—aegirine-augite schists from the Sambagawa metamorphic belt,
Bizan district, eastern Shikoku, Japan
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Abstract

The Sambagawa metamorphic belt in the Bizan area consists mainly of pelitic schists, basic schists, and siliceous schists
(garnet—aegirine-augite schists), along with minor garnet glaucophane schists. The garnet-aegirine-augite schists consist
mainly of quartz and phengite, with minor amounts of amphibole (ferroglaucophane, magnesioriebeckite, riebeckite,
Mg-katophorite, winchite, barroisite, ferrobarroisite), garnet, aegirine-augite and albite. Hematite, chlorite, epidote, calcite
and titanite occur, occasionally phengites are found in eight modes of occurrence; phengites as inclusions in porphyro-
blastic garnet (Ph1), amphibole (Ph2), clinopyroxene (Ph3) and albite (Ph4), phengites (Ph5) occurring in the matrix, and
phengites as a secondary mineral replacing porphyroblastic garnet (Ph6), amphibole (Ph7) and clinopyroxene (Ph8) along
their rim and crack. The diversity of the modes of occurrence and chemical compositions of the phengites reflects two
metamorphic events in the garnet—aegirine-augite schists in the Bizan area. Inclusions in garnet (Ph1), amphibole (Ph2)
and clinopyroxene (Ph3) and schistosity-forming phengites (Ph5) are representative of the prograde to the peak metamor-
phism of the eclogitic metamorphic event. Phengites replacing garnet (Ph6), amphibole (Ph7) and clinopyroxene (Ph8)
and phengites inclusions in porphyroblastic albites (Ph4) suggest another high-pressure epidote-amphibolite metamorphic

event.
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Introduction and petrography of
garnet—aegirine-augite schists

The type of metamorphism of the Sambagawa belt is
classified as high-pressure intermediate series (Miyashiro,
1973). The dominant rock types within the belt are pelitic,
psammitic, siliceous and basic schists. Metamorphic conditions
of the belt correspond to the pumpellyite-actinolite, greenschist,
blueschist, epidote-amphibolite and eclogite facies. In the
Besshi district, the regional metamorphism is divided into
four zones based on index minerals in pelitic schists (e.g.
Higashino, 1975, 1990; Enami, 1983). These are 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 (Enami, 1983; Enami et al.,
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.

The main rock types of the Sambagawa metamorphic
belt in the Bizan area, eastern Shikoku include pelitic, basic
and siliceous schists with minor amounts of psammitic and
calcareous schists (Iwasaki, 1963). Basic and pelitic schists
show large-scale alternation, and siliceous schists occur as
lenses or thin layers within the alterations. There is a tectonic
mélange zone containing blocks of serpentinite, metagabbro
and garnet-amphibolite (garnet-glaucophane schist in this
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study) occurs along a ductile shear zone between the spotted
and the non-spotted schist zones (Faure, 1983). The garnet
glaucophane schists are usually found as lenticular bodies or
layers ranging from centimeter to a few meters in thickness
in pelitic schists that crop out in the Chikurinji-dani valley
(Fig.1). lwasaki (1963) reported that the occurrence of
phengite (Si 6.83 pfu) in garnet-aegirine-augite-bearing
siliceous schists from the Bizan area.

In this paper we describe the modes of occurrence and
chemical compositions of phengites in the garnet—aegirine-
augite schists in the Bizan area. Petrography of the
garnet—aegirine-augite schists have been already reported
by Kainuma et al. (2012). Three garnet-aegirine-augite
schist samples from the Fukumandani Valley in the Bizan
area were selected for detailed petrographic examination.
Two samples (KB13-1 and KB14-3) were collected from
the spotted schist zone, and one sample (KBO05) from the
non-spotted schist zone. Garnet-aegirine-augite schists
(KB13-1, KB14-3) consist mainly of quartz and phengite,
with minor amounts of amphibole (ferroglaucophane,
magnesioriebeckite, riebeckite, Mg-katophorite, barroisite,
ferrobarroisite), garnet, aegirine-augite and albite (Fig.2).
Hematite, chlorite, and epidote occur occasionally. A schistosity
is defined by preferred orientation of phengite. Garnet-
aegirine-augite schist (KBO05) consists mainly of quartz
with minor amounts of hematite, epidote and amphibole
(magnesioriebeckite, winchite, barroisite). Garnet, calcite,
titanite and aegirine-augite occur as accessories. A schistosity
is defined by preferred orientation of hematite and quartz.

Phengites in the garnet—aegirine-augite schists from the Bizan
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Fig. 1. Geological map of the Kotsu-Bizan area in eastern Shikoku, Sambagawa metamorphic belt (after Kenzan Research Group, 1963). Circle is

sample location.

area occur in eight modes of occurrence (Fig.3). Phengite
inclusions in porphyroblastic garnet (Ph1) are subhedral and
fine-grained up to 0.05 mm across (Fig.3a). Phengite (Ph2)
inclusions in amphibole are euhedral to subhedral grains
up to 0.4 mm across (Fig.3b). Phengite (Ph3) inclusions
in clinopyroxene are larger in grain size among inclusion
phengites, which are subhedral grain up to 0.6 mm across
(Fig. 3c). Phengite (Ph4) inclusions in albite are subhedral to
anhedral grains up to 0.4 mm across (Fig.3d). Schistosity-
forming phengites (Ph5) in the matrix are euhedral to
subhedral grains up to 1 mm across (Figs.2 and 3). Other
types of phengites occurring as a secondary mineral
replacing porphyroblastic garnet (Ph6), amphibole (Ph7) and
clinopyroxene (Ph8) along their rim and crack (Fig.3e-g).
Phengites (Ph6) replacing garnets are subhedral grains
up to 0.4 mm across (Fig.3e). Phengite (Ph7) replacing
amphiboles are subhedral to anhedral grains up to 0.6 mm
across (Fig.3f). Phengites (Ph8) replacing clinopyroxenes
are subhedral grains are up to 0.5 mm (Fig. 3g). The mineral
abbreviations used in the text, tables and figures follow
Whitney and Evans (2010) except for Aeg-Aug (aegirine-
augite).

Chemical compositions of the phengites

Chemical compositions and zoning of the phengites in garnet—
aegirine-augite schists from the Bizan area were examined using
electron probe microanalyzers (JEOL JXA-8800M and JXA-
8530F) at Shimane University. Analytical conditions applied
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). Representative chemical
compositions of phengites are listed in Table1, and shown in
Fig.4. Cr (<0.12 wt%) contents in the phengites are negligible.

Phengites (Phl1) inclusions in garnet in sample KB
13-1 from the Bizan garnet—aegirine-augite schists have
Si (6.65-7.19 per formula unit, pfu), Xy, (Na/(Na+K))
(0.03-0.06), Fe+Mg (1.42-1.58 pfu) and Ti (0.03-0.08 pfu)
(Fig.4a). Phengite (Phl) in sample KB 14-3 have slightly
lower Si (6.66-6.87 pfu) and higher Fe + Mg (1.49-2.10 pfu).
Phengites (Ph2) inclusions in both samples (KB 13-1 and
KB 14-3) have similar Si (6.50-7.01 pfu), Xy (0.01-0.05),
Fe+Mg (1.21-1.58 pfu) and Ti (0.02-0.07 pfu) compositions
(Fig.4a, b). Some of phengites (Ph2) are zoned, with increasing
Si (6.93-6.99 pfu), Xy, (0.01-0.02) and Fe+ Mg (1.28-1.43 pfu)
from core to rim. Phengites (Ph3) occurring in sample



Phengites in garnet-aegirine-augite schists, Bizan district, eastern Shikoku, Japan 23

e
Rbk

Rbk
~—Aeg-Aug
/
Grt
Mrbk/Rbk
Ph4
Qz Mrbk Phs
Grt Mrbk
Hem
Aeg-Aug Ab Qz
Mrbk
Grt

Tmm

Ph5 ——

Fig. 2. Photomicrograph of the garnet-aegirine-augite schists from the Bizan area showing porphyroblastic
albite, garnet, phengite (Ph5), amphibole (riebeckite and magnesioriebeckite), aegirine-augite and
quartz. Porphyroblastic albite contains inclusions of magnesioriebeckite, phengite (Ph4), aegirine-

augite and hematite.

KB 13-1 have compositional ranges of Si (6.66-7.08 pfu),
Fe+Mg (1.23-1.68 pfu), Ti (0.03-0.08 pfu) and Xy, (0.01-0.08).
Phengites (Ph4) inclusions in porphyroblastic albite have
slightly lower in Si contents (Si 6.57-6.90 pfu, Xy, 0.02-0.09,
Fe+Mg 1.24-1.62 pfu and Ti 0.01-0.04 pfu) in sample KB
13-1 than the sample KB 14-3 (Si 6.60-7.01 pfu, Xy, 0.01-0.10,
Fe+Mg 1.15-1.59 pfu and Ti 0.02-0.05 pfu). Some of phengites
(Ph4) are zoned, with increasing Si (6.81-6.95 pfu), Fe+Mg
(1.17-1.27 pfu) and slightly increasing Xy, (0.02-0.03) from
core to rim.

Schistosity-forming phengites (Ph5) in sample KB 13-1
and KB 14-3 from the Bizan garnet—aegirine-augite schists
have similar in Si (6.53-7.15 pfu), Xy, (0.01-0.12), Fe+Mg
(1.22-2.17 pfu) and Ti (0.02-0.06 pfu) and lower in sample
KB 05 (Si 6.38-6.81 pfu, Xy, 0.02-0.09, Fe+Mg 0.56-1.57 pfu
and Ti 0-0.03 pfu). Phengites (Ph5) are zoned, with increasing
Si (6.58-7.15 pfu) and Fe+Mg (1.34-1.59 pfu) and decreasing
Xna (0.12-0.02) from core to rim. Phengites (Ph6) replacing
garnets in sample KB 14-3 have compositional ranges of Si
(6.75-6.96 pfu), Fe+Mg (1.28-1.66 pfu), Ti (0.02-0.05 pfu)
and Xy, (0.02-0.10). Phengites (Ph6) replacing garnets are
sometimes zoned, with increasing Si (6.76-6.96 pfu) and
decreasing Fe + Mg (1.62-1.28 pfu) and Xy, (0.07-0.02) from
core to rim. Phengites (Ph7) replacing amphiboles in both
samples (KB 13-1 and KB 14-3) have similar in Si (6.66-
7.05 pfu), Xya (0.01-0.07), Fe+Mg (1.17-1.65 pfu) and Ti
(0.02-0.07 pfu). Phengites (Ph7) are zoned, with increasing
Si (6.66-7.05 pfu) and decreasing Fe+Mg (1.59-1.26 pfu)
and Xy, (0.06-0.01) from core to rim.

Phengites (Ph8) replacing clinopyroxenes occur in sample
KB 14-3 with Si (6.77-6.92 pfu), Fe + Mg (1.29-1.62 pfu), Ti
(0.03-0.06 pfu) and Xy, (0.02-0.05), and it shows a similar
composition as Ph6 replacing garnets (Fig.4b). Phengites
(Ph8) replacing clinopyroxenes are zoned, with increasing

Si (6.76-6.92 pfu), and decreasing Fe+Mg (1.61-1.54 pfu)
and Xy, (0.04-0.02) from core to rim.

Discussion and Conclusions

There are several modes of occurrence of phengites in the
garnet—aegirine-augite schists, and they show a wide range
of chemical compositions, i.e. inclusions phengites (Ph1-4:
Si 6.50-7.19 pfu, Xy, 0-0.10), matrix phengites (Ph5: Si
6.38-7.15 pfu, Xy, 0.01-0.12) and phengites replacing matrix
minerals (Ph6-8: Si 6.66-7.05 pfu, Xy, 0.01-0.10), suggesting
a diversity of their equilibrium P-T conditions. Iwasaki (1963)
reported the occurrence of phengite (Si 6.83 pfu, Xy, 0.06) in
garnet—aegirine-augite-bearing siliceous schists from the Bizan
area. These phengites are ferrimagnesian verity (Fe+Mg
1.68). However, Iwasaki (1963) did not report the mode of
occurrence and compositional zoning of phengites. In this study
we identified eight modes of occurrence of phengites, and
described compositional zoning and possible metamorphic
evolution of garnet—aegirine-augite schists from the Bizan area.

Phengite inclusions in garnet (Phl), amphibole (Ph2) and
clinopyroxene (Ph3) have higher in Si contents (6.50-7.19 pfu),
and most of the phengite inclusions show compositional
zoning with increasing Si contents from the core to the rim,
suggesting prograde growth zoning, and it is the product of
the prograde to the peak metamorphism (epidote-blueschist
and eclogite facies metamorphic conditions). Kabir et al.
(2014) reported matrix phengites represent prograde to peak
metamorphism of the eclogite facies. Phengites (Ph5) in
the matrix show a prograde zoning that probably represent
a peak metamorphism of the eclogite facies. The estimated
peak metamorphic conditions of the eclogites from the Bizan
garnet-aegirine-augite schists are 14-16 kbar and 550-
570°C and it is slightly lower than jadeite-beaving garnet
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Fig. 3. Backscattered electron images (BEI) of garnet—aegirine-augite schists from the Bizan area showing textural relationships between
phengite and the other minerals. (a) Porphyroblastic garnet and the other minerals in the matrix such as phengite (Ph5), chlorite and quartz.
Porphyroblastic garnet contains inclusions of phengite (Ph1) and quartz. (b) Amphibole (riebeckite) in the matrix contains inclusions of
phengite (Ph2). The amphibole is partly replaced by phengite (Ph7). (c¢) Clinopyroxene (aegirine-augite) in the matrix contains inclusions
of phengite (Ph3). Phengite (Ph5), riebeckitic amphibole and quartz also occur in the matrix. (d) Porphyroblastic albite contains inclusions
of phengite (Ph4), garnet, aegirine-augite, riebeckite and hematite. Phengite (Ph5), clinopyroxene (aegirine-augite), riebeckite and quartz
occur in the matrix. Riebeckites are partly replaced by phengite (Ph7). (e) Porphyroblastic garnet is replaced by phengite (Ph6). The
garnet contains inclusions of chlorite, ilmenite and quartz. Phengite (Ph5), riebeckite and quartz also occur in the matrix. (f) Amphibole
(riebeckite) is replaced by phengite (Ph7). (g) Clinopyroxene (aegirine-augite) is replaced by phengite (Ph8).
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glaucophane schists (580-600°C and 18-20 kbar) (Kabir
and Takasu, 2013; Kabir et al., 2014).

Phengites replacing garnet (Ph6), amphibole (Ph7) and
clinopyroxene (Ph8) have wide range in Si (6.66-7.05 pfu)
with increasing Si contents from core to rim, indicating
another high-pressure metamorphism. This mode of occurrence
of phengites probably corresponds to the second high-
pressure metamorphic event of epidote-amphibolite facies
metamorphism reported by Kabir and Takasu (2013).
Kabir and Takasu (2013) reported porphyroblastic albite
in the garnet glaucophane schists developed during the
second high-pressure metamorphic event. The chemical
compositions of phengite inclusions (Ph4: Si 6.57-6.90 pfu,
Xna 0.02-0.09, Fe+Mg 1.24-1.62 pfu) in the porphyroblastic
albite are similar to those of replacing phengites (Ph6-8: Si
6.66-7.05 pfu, Xy, 0.01-0.10, Fe+Mg 1.17-1.66 pfu). These
suggest phengite inclusions in porphyroblastic albite also
suffered epidote—ampbhibolite facies metamorphism together
with phengites replacing garnet (Ph6), amphibole (Ph7) and
clinopyroxene (Ph8).
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Table 1. Chemical compositions of phengites from the garnet-aegirine-augite schists.
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Sample KB 13-1
Analysis 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Mode Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2
Rim — — — — Core — — Rim
SiO, 52.61 51.62 5270 5248 5213 5222 5252 5129 5193 51.84 5160 5139 5159 5141 50.20 49.24 49.05 4958 49.33
Tio, 0.19 0.34 0.34 0.21 0.28 0.37 0.36 0.43 0.34 0.29 0.39 0.35 0.35 0.39 0.43 0.59 0.57 0.57 0.46
Al,Oq 25.28 2491 2519 2492 2487 2470 2466 2336 24.62 2469 2427 2457 2378 2362 23.62 23.08 2324 2298 2349
FeO* 6.78 7.66 7.24 6.96 721 7.30 7.20 8.21 7.24 6.96 7.56 7.47 7.72 7.78 8.59 8.55 8.81 8.57 8.67
MnO 0.08 0.08 0.11 0.11 0.06 0.07 0.11 0.14 0.12 0.08 0.09 0.06 0.11 0.12 0.14 0.08 0.11 0.09 0.09
MgO 2.39 222 231 2.34 237 237 2.60 2.44 2.34 2.50 2.38 2.47 2.52 2.49 2.42 2.48 2.63 2.72 2.74
Ca0o 0.01 0.02 0.02 0.01 0.01 0.01 0.07 0.01 0.00 0.02 0.01 0.02 0.02 0.01 0.02 0.03 0.02 0.03 0.01
Na,O 0.16 0.14 0.13 0.14 0.16 0.12 0.12 0.11 0.12 0.15 0.12 0.09 0.11 0.10 0.08 0.23 0.27 0.26 0.29
K0 9.16 9.34 9.03 9.26 9.23 9.30 9.27 9.54 9.83 9.67 9.86 9.86 9.66 9.97 9.87 9.69 9.85 9.72 9.74
Total 96.66 96.32 97.08 96.43 9631 96.46 96.89 9553 96,52 96.19 96.27 96.27 95.84 9588 9536 93.96 9454 94.52  94.83
Cations on the basis of 22 oxygens
Si 6.99 6.94 6.99 7.01 6.98 6.99 6.99 6.99 6.97 6.97 6.96 6.93 6.99 6.98 6.90 6.88 6.83 6.88 6.83
Ti 0.02 0.03 0.03 0.02 0.03 0.04 0.04 0.04 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.06 0.06 0.06 0.05
Al 3.96 3.95 3.94 3.92 3.92 3.90 3.87 3.75 3.89 3.91 3.86 3.91 3.80 3.78 3.83 3.80 3.81 3.76 3.84
Fe* 0.75 0.86 0.80 0.78 0.81 0.82 0.80 0.94 0.81 0.78 0.85 0.84 0.87 0.88 0.99 1.00 1.03 1.00 1.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
Mg 0.47 0.44 0.46 0.47 0.47 0.47 0.52 0.50 0.47 0.50 0.48 0.50 0.51 0.51 0.50 0.52 0.54 0.56 0.57
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.04 0.04 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.04 0.03 0.02 0.03 0.03 0.02 0.06 0.07 0.07 0.08
K 1.55 1.60 1.53 1.58 1.58 1.59 1.58 1.66 1.68 1.66 1.70 1.70 1.67 1.73 1.73 1.73 1.75 1.72 1.72
Total 13.80 1387 1379 13.82 13.84 13.84 1384 1393 13.91 13.90 13.93 1394 1392 1396 14.02 1406 1411 1407 14.10
X Na 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.04 0.04 0.04 0.04
*Total Fe as FeO
Sample KB 13-1
Analysis 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 39 40
Mode Ph2 Ph2 Ph2 Ph2 Ph2 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph3 Ph4 Ph4
Rim — — — Core — Rim
SiO, 49.16 50.81 5124 4934 4950 5208 5296 5182 51.78 51.09 5153 51.81 5318 5296 5254 49.68 5238 50.82 50.36
Tio, 0.42 0.50 0.34 0.55 0.57 0.42 0.27 0.36 0.67 0.76 0.73 0.66 0.33 0.40 0.43 0.29 0.76 0.30 0.26
Al,0, 23.74 2293 2428 2319 2346 2528 2481 2499 2477 2434 2412 2453 2516 2504 2387 2254 2139 2513 2519
FeO* 8.74 8.41 7.59 8.33 9.00 7.46 7.49 8.00 7.72 7.55 741 7.37 7.35 7.06 7.54 9.57 8.29 8.74 8.79
MnO 0.09 0.13 0.07 0.08 0.11 0.09 0.10 0.10 0.13 0.11 0.07 0.10 0.06 0.08 0.09 0.15 0.19 0.09 0.07
MgO 2.59 2.52 2.26 2.80 2.62 2.07 1.99 2.09 241 2.60 271 2.69 2.57 2.34 2.61 241 3.70 151 1.49
Cao 0.00 0.01 0.02 0.03 0.03 0.06 0.07 0.06 0.06 0.02 0.04 0.01 0.01 0.02 0.02 0.05 0.57 0.03 0.01
Na,O 0.34 0.16 0.16 0.29 0.21 0.12 0.14 0.11 0.14 0.13 0.14 0.10 0.12 0.14 0.13 0.07 0.47 0.17 0.18
K,0 9.74 9.82 9.88 9.67 9.85 9.12 8.95 8.81 9.15 9.24 9.22 9.49 9.74 9.51 9.69 9.49 8.52 9.10 9.21
Total 9482 9529 9585 9427 9535 96.70 96.77 9633 96.83 9583 9596 96.75 9853 9755 96.90 9425 96.27 95.89 9556
Cations on the basis of 22 oxygens
Si 6.81 6.98 6.95 6.86 6.83 6.95 7.04 6.95 6.92 6.91 6.95 6.93 6.98 7.00 7.03 6.94 7.08 6.90 6.87
Ti 0.04 0.05 0.03 0.06 0.06 0.04 0.03 0.04 0.07 0.08 0.07 0.07 0.03 0.04 0.04 0.03 0.08 0.03 0.03
Al 3.88 371 3.88 3.80 3.82 3.98 3.89 3.95 3.90 3.88 3.83 3.87 3.89 3.90 3.76 371 341 4.02 4.05
Fe* 1.01 0.97 0.86 0.97 1.04 0.83 0.83 0.90 0.86 0.85 0.84 0.82 0.81 0.78 0.84 112 0.94 0.99 1.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01
Mg 0.54 0.52 0.46 0.58 0.54 0.41 0.40 0.42 0.48 0.52 0.54 0.54 0.50 0.46 0.52 0.50 0.74 0.31 0.30
Ca 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.08 0.00 0.00
Na 0.09 0.04 0.04 0.08 0.06 0.03 0.04 0.03 0.03 0.03 0.04 0.02 0.03 0.04 0.03 0.02 0.12 0.04 0.05
K 1.72 1.72 171 1.72 1.73 1.55 1.52 151 1.56 1.59 1.59 1.62 1.63 1.60 1.65 1.69 1.47 1.57 1.60
Total 14.11 14.00 1395 14.08 1410 13.81 13.76 13.81 13.86 13.89 13.87 1389 13.88 13.83 13.89 14.03 1394 13.87 1391
X'na 0.05 0.02 0.02 0.04 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.08 0.03 0.03
*Total Fe as FeO
Sample KB 13-1
Analysis a1 12 13 17 15 16 a7 18 29 50 51 52 53 54 55 56 1 2 4
Mode Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Phl Phl Phl
Rim — — — Core — — — Rim
Sio, 5029 4893 4991 4992 5059 50.05 5045 4991 49.29 4860 48.70 49.10 49.17 4925 49.42 50.73 4895 4893  49.83
TiO, 0.20 0.26 0.23 0.30 0.20 0.22 0.19 0.23 0.41 0.35 0.31 0.29 0.27 0.19 0.24 0.22 0.78 0.65 0.47
Al,03 2507 2446 2456 2468 2512 2486 2478 2404 2374 2409 2398 2462 2431 2441 2424 2471 2303 2326 2336
FeO* 8.46 8.77 8.92 8.27 8.27 8.60 8.60 8.14 8.42 8.85 8.09 8.17 8.08 7.98 8.24 7.34 9.37 9.41 8.93
MnO 0.11 0.11 0.05 0.07 0.08 0.08 0.09 0.08 0.05 0.08 0.11 0.07 0.08 0.10 0.07 0.05 0.48 0.55 0.47
MgO 1.45 1.45 1.48 1.68 1.65 1.61 1.68 239 279 2.85 281 279 2.88 2.80 2.64 2.55 1.99 2.06 242
CaO 0.00 0.00 0.00 0.03 0.01 0.02 0.02 0.00 0.02 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.06 0.05 0.03
Na,0 0.16 0.18 0.15 0.18 0.17 021 0.19 0.12 0.25 0.33 0.42 0.48 0.62 0.61 0.63 0.22 0.21 0.19 0.27
K,0 9.00 9.11 9.15 9.29 9.35 9.42 9.52 9.53 9.43 9.37 9.29 9.41 9.10 9.19 9.17 9.58 10.27 10.18 10.22
Total 94.73 93.27 9444 9442 9544 9506 9552 9445 94.40 9453 9370 9494 9451 9454 9466 9541 9513 9528 95.98
Cations on the basis of 22 oxygens
Si 6.90 6.85 6.89 6.88 6.89 6.87 6.89 6.89 6.83 6.75 6.80 6.76 6.79 6.80 6.82 6.90 6.82 6.81 6.85
Ti 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.02 0.04 0.04 0.03 0.03 0.03 0.02 0.03 0.02 0.08 0.07 0.05
Al 4.05 4.04 4,00 4,01 4,03 4,02 3.99 391 3.88 3.94 3.94 4,00 3.96 3.97 3.94 3.96 3.78 3.82 379
Fe* 0.97 1.03 1.03 0.95 0.94 0.99 0.98 0.94 0.98 1.03 0.94 0.94 0.93 0.92 0.95 0.83 1.09 1.09 1.03
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.06 0.06 0.05
Mg 0.30 0.30 0.30 0.35 0.34 0.33 0.34 0.49 0.58 0.59 0.58 0.57 0.59 0.58 0.54 0.52 0.41 0.43 0.50
Ca 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 0.01 0.01 0.00
Na 0.04 0.05 0.04 0.05 0.05 0.06 0.05 0.03 0.07 0.09 0.11 0.13 0.17 0.16 0.17 0.06 0.06 0.05 0.07
K 1.57 1.63 1.61 1.63 1.63 1.65 1.66 1.68 1.67 1.66 1.65 1.65 1.60 1.62 1.61 1.66 1.83 1.81 1.79
Total 13.86 1394 1391 1392 1391 1395 1395 1398 14.05 1411 14.08 1410 1409 14.09 14.07 1396 1414 1414 1414
X Na 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.02 0.04 0.05 0.06 0.07 0.09 0.09 0.09 0.03 0.03 0.03 0.04

*Total Fe as FeO
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Table 1. (continued)

Sample KB 13-1
Analysis 5 6 7 8 23 24 25 26 27 28 29 32 33 34 35 36 37 38 39
Mode Phl Phl Phl Phl Phl Phl Phl Phl Phl Phl Phl Phl Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5
Core — — — — — —
SiO, 50.15 4848 4938 4886 4780 4739 47.03 5353 46.88 47.99 4854 4813 49.76 49.63 49.25 49.06 49.25 49.28 48.66
Tio, 0.40 0.35 0.42 0.41 0.36 0.36 0.35 0.33 0.37 0.41 0.45 0.21 0.19 0.21 0.23 0.24 0.23 0.27 0.37
Al,0, 23.06 2346 2327 2335 2355 2376 2422 2191 2357 2301 2338 2478 2572 2585 2580 2573 2558 2500 24.24
FeO* 8.64 9.19 9.33 8.94 9.19 9.05 9.31 9.14 9.25 8.89 9.18 6.73 6.91 7.03 7.02 7.57 7.71 8.21 8.85
MnO 0.48 0.58 0.46 0.43 0.55 0.53 0.60 0.57 0.53 0.50 0.52 0.10 0.08 0.07 0.11 0.09 0.04 0.09 0.11
MgO 2.28 242 242 2.38 2.24 2.27 2.08 1.97 2.24 251 2.32 2.76 2.82 2.81 271 2.66 271 2.72 2.58
Cao 0.06 0.06 0.02 0.02 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.01 0.08 0.01 0.05 0.07 0.08 0.08 0.04
Na,O 0.21 0.26 0.28 0.21 0.33 0.39 0.37 0.30 0.32 0.24 0.22 0.72 0.76 0.77 0.82 0.61 0.74 0.68 0.44
K,0 10.05 10.10 10.19 10.32 9.84  10.00 9.78 9.46  10.00 10.00 9.42 9.47 9.08 9.63 9.24 9.53 9.29 9.40 10.01
Total 9533  94.89 9575 9493 9383 9378 9377 9724 9318 9358 94.06 9291 9539 96.00 9521 9556 9563 95.71 9528
Cations on the basis of 22 oxygens
Si 6.92 6.77 6.83 6.81 6.75 6.70 6.66 7.19 6.69 6.79 6.81 6.75 6.76 6.73 6.72 6.70 6.72 6.74 6.74
Ti 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.05 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04
Al 3.75 3.86 3.79 3.84 3.92 3.96 4.04 3.47 3.96 3.84 3.86 4.09 412 4.13 4.15 4.14 411 4.03 3.95
Fe* 1.00 1.07 1.08 1.04 1.08 1.07 1.10 1.03 1.10 1.05 1.08 0.79 0.78 0.80 0.80 0.86 0.88 0.94 1.02
Mn 0.06 0.07 0.05 0.05 0.07 0.06 0.07 0.07 0.06 0.06 0.06 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.47 0.50 0.50 0.50 0.47 0.48 0.44 0.39 0.48 0.53 0.48 0.58 0.57 0.57 0.55 0.54 0.55 0.55 0.53
Ca 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01
Na 0.06 0.07 0.07 0.06 0.09 0.11 0.10 0.08 0.09 0.07 0.06 0.20 0.20 0.20 0.22 0.16 0.20 0.18 0.12
K 1.77 1.80 1.80 1.84 1.77 1.80 1.77 1.62 1.82 1.80 1.68 1.69 1.57 1.66 1.61 1.66 1.62 1.64 1.77
Total 14.07 1420 1417 1417 1419 1423 1422 13.89 14.25 1419 1409 1413 1405 1412 1409 1411 1411 1413 14.19
Xna 0.03 0.04 0.04 0.03 0.05 0.06 0.05 0.05 0.05 0.04 0.03 0.10 0.11 0.11 0.12 0.09 0.11 0.10 0.06
*Total Fe as FeO
Sample KB 13-1
Analysis 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
Mode Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7
— — — — — — — — — Rim
SiO, 49.08 4852 4857 4821 49.08 4891 4828 4833 49.07 4943 5295 53.02 5241 5217 4847 4856 48.99 4883 51.06
Tio, 0.38 0.23 0.29 0.28 0.35 0.34 0.33 0.36 0.31 0.32 0.28 0.21 0.29 0.51 0.38 0.28 0.31 0.37 0.46
Al,Oq 24.05 25.08 2484 2417 2403 2377 2403 2399 2419 2322 2524 2558 2522 2444 2443 2454 2442 2328 23.84
FeO* 8.41 7.74 8.25 8.25 8.73 8.28 8.44 8.67 9.00 8.92 5.66 5.53 5.77 6.08 8.53 8.53 8.33 8.09 7.02
MnO 0.05 0.04 0.09 0.07 0.10 0.07 0.13 0.08 0.12 0.08 0.08 0.10 0.05 0.06 0.08 0.11 0.08 0.10 0.09
MgO 2.79 271 2.73 281 2.83 2.78 2.82 2.84 261 2.44 2.98 2.89 2.85 3.05 2.79 2.93 297 2.57 2.66
Ca0o 0.02 0.01 0.01 0.00 0.01 0.02 0.02 0.05 0.09 0.00 0.03 0.03 0.00 0.05 0.00 0.00 0.00 0.06 0.09
Na,O 0.49 0.76 0.63 0.52 0.45 0.36 0.38 0.37 0.32 0.13 0.15 0.14 0.14 0.12 0.38 0.47 0.45 0.14 0.17
K,0 9.81 9.43 9.57 9.77 9.88 9.94 9.95 9.76 957 1014 1036 10.29 10.35  10.09 9.75 9.54 9.68  10.07 9.71
Total 95.08 9449 9498 94.09 9547 9447 9438 9445 9528 9469 97.73 97.78 97.08 9656 94.81 9494 9523 93.52  95.10
Cations on the basis of 22 oxygens
Si 6.78 6.71 6.71 6.74 6.77 6.80 6.74 6.74 6.77 6.88 6.98 6.97 6.96 6.97 6.72 6.72 6.75 6.86 6.96
Ti 0.04 0.02 0.03 0.03 0.04 0.04 0.03 0.04 0.03 0.03 0.03 0.02 0.03 0.05 0.04 0.03 0.03 0.04 0.05
Al 3.92 4.09 4.04 3.98 3.91 3.90 3.95 3.94 3.93 3.81 3.92 3.96 3.95 3.85 3.99 4.00 3.97 3.85 3.83
Fe* 0.97 0.90 0.95 0.96 1.01 0.96 0.98 1.01 1.04 1.04 0.62 0.61 0.64 0.68 0.99 0.99 0.96 0.95 0.80
Mn 0.01 0.00 0.01 0.01 0.01 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
Mg 0.58 0.56 0.56 0.59 0.58 0.58 0.59 0.59 0.54 0.51 0.59 0.57 0.56 0.61 0.58 0.60 0.61 0.54 0.54
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01
Na 0.13 0.20 0.17 0.14 0.12 0.10 0.10 0.10 0.09 0.04 0.04 0.04 0.04 0.03 0.10 0.12 0.12 0.04 0.05
K 1.73 1.66 1.69 1.74 1.74 1.76 1.77 1.73 1.69 1.80 1.74 1.73 1.75 1.72 1.73 1.68 1.70 1.80 1.69
Total 1364 1363 1359 1362 13.60 1354 13.65 1358 13.68 13.75 1361 1356 1357 1375 1363 1357 1365 1356 1357
X Na 0.07 0.11 0.09 0.08 0.06 0.05 0.06 0.05 0.05 0.02 0.02 0.02 0.02 0.02 0.06 0.07 0.07 0.02 0.03
*Total Fe as FeO
Sample KB 14-3
Analysis 1 2 3 I3 5 6 7 8 9 10 11 12 13 14 17 18 20 21 22
Mode Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph6 Phl Phl Ph2 Ph8 Ph8 Ph8 Ph8 Ph8
Core — — — — — — — — — Rim
Sio, 4974 50.62 4922 4820 4849 4844 4855 4921 49.07 50.63 5228 4874 46,59 46.79 49.22 4833 4990 49.18 4931
TiO, 0.16 0.22 0.23 0.31 0.32 0.42 0.48 0.45 0.59 0.56 0.32 0.37 0.58 0.58 0.38 0.32 0.37 0.40 0.41
Al,03 2475 2401 2421 2446 2401 2398 2421 2436 23.68 2340 2462 2172 2126 2020 2371 2355 2299 23.80 2373
FeO* 6.57 7.07 7.58 8.24 8.86 8.17 7.94 8.25 8.10 7.84 580 10.73 1256 12.35 8.66 8.98 8.92 8.09 8.93
MnO 0.05 0.08 0.12 0.11 0.11 0.08 0.09 0.06 0.10 0.14 0.08 0.44 0.60 0.57 0.10 0.12 0.08 0.07 0.12
MgO 3.02 3.14 3.04 2.65 2.80 259 2.68 271 2.68 2.80 2.89 2.64 271 2.80 2.68 2.52 244 271 2.83
CaO 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.05 0.06 0.04 0.02 0.01 0.07 0.02 0.02
Na,O 0.57 0.47 0.58 0.39 0.41 0.28 0.28 0.31 0.22 0.13 0.14 0.03 0.05 0.04 0.29 0.32 0.12 0.28 0.33
K,0 9.71 9.98 9.61 9.85 9.74 9.92 9.96 9.96 1023 10.23  10.36 9.95 9.90 9.81 9.93 9.83 9.96 9.93 9.85
Total 94.57 9559 9459 9421 9472 9387 9420 9529 94.67 9572 9650 9466 9429 9316 9498 9396 9485 9447 9554
Cations on the basis of 22 oxygens
Si 6.83 6.90 6.80 6.72 6.74 6.78 6.76 6.77 6.81 6.92 6.99 6.87 6.70 6.80 6.82 6.78 6.92 6.83 6.80
Ti 0.02 0.02 0.02 0.03 0.03 0.04 0.05 0.05 0.06 0.06 0.03 0.04 0.06 0.06 0.04 0.03 0.04 0.04 0.04
Al 4.00 3.85 3.94 4.02 3.94 3.95 3.97 3.95 3.87 3.77 3.88 3.61 3.60 3.46 3.87 3.90 3.76 3.89 3.86
Fe* 0.75 0.81 0.88 0.96 1.03 0.96 0.93 0.95 0.94 0.90 0.65 1.26 151 1.50 1.00 1.05 1.03 0.94 1.03
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.05 0.07 0.07 0.01 0.01 0.01 0.01 0.01
Mg 0.62 0.64 0.63 0.55 0.58 0.54 0.56 0.56 0.56 0.57 0.58 0.55 0.58 0.61 0.55 0.53 0.50 0.56 0.58
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00
Na 0.15 0.12 0.15 0.10 0.11 0.08 0.08 0.08 0.06 0.03 0.04 0.01 0.01 0.01 0.08 0.09 0.03 0.07 0.09
K 1.70 1.73 1.69 1.75 1.73 1.77 1.77 1.75 1.81 1.78 1.77 1.79 1.81 1.82 1.75 1.76 1.76 1.76 1.73
Total 14.08 1363 1359 13.62 1360 1354 1365 1358 1368 13.75 1361 1356 13,57 1375 13.63 1357 13.65 1356 13.57
X Na 0.08 0.07 0.08 0.06 0.06 0.04 0.04 0.04 0.03 0.02 0.02 0.00 0.01 0.01 0.04 0.05 0.02 0.04 0.05

*Total Fe as FeO
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Sample KB 14-3
Analysis 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
Mode Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph8 Ph7 Ph7 Ph7 Ph7 Ph7
Core Rim Core — — — — — — — Rim Rim — — — —
SiO, 49.08 49.27 4898 48.83 50.14 4849 4834 4870 49.21 49.40 48.83 48.97 49.33 49.01 5212 5113 5144 50.95 49.53
Tio, 0.41 0.42 0.36 0.43 0.46 0.37 0.35 0.32 0.59 0.44 0.35 0.37 0.36 0.43 0.57 0.34 0.41 0.33 0.56
Al,0, 23.86 2379 2324 2406 2339 2361 2368 2340 2350 2350 2340 2342 2343 2349 2345 2456 2398 24.04 24.04
FeO* 8.76 8.42 8.58 8.79 7.90 9.34 9.04 9.12 9.30 8.88 9.03 8.87 9.20 9.49 5.43 6.17 5.99 6.51 6.58
MnO 0.13 0.05 0.06 0.13 0.13 0.13 0.06 0.10 0.09 0.07 0.09 0.08 0.11 0.13 0.08 0.08 0.05 0.12 0.09
MgO 2.89 2.85 2.76 2.58 2.62 241 2.55 2.39 2.29 2.37 2.72 2.55 2.45 217 3.23 2.76 297 2.96 271
Cao 0.03 0.00 0.00 0.02 0.01 0.03 0.03 0.03 0.01 0.02 0.01 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.02
Na,O 0.29 0.31 0.28 0.24 0.16 0.32 0.33 0.27 0.22 0.25 0.29 0.25 0.27 0.29 0.10 0.19 0.12 0.12 0.17
K,0 9.94 9.90 9.89 9.87 10.01 9.83 9.79 9.83 9.91 9.92 9.80 9.75 9.76 9.86 10.20 9.85 10.06 9.91 9.84
Total 9539  95.02 9415 9496 9481 9454 9416 9416 9512 9484 9451 9428 9491 9487 9518 95.08 9502 94.96 9354
Cations on the basis of 22 oxygens
Si 6.78 6.81 6.84 6.77 6.92 6.78 6.77 6.82 6.82 6.85 6.81 6.83 6.85 6.82 7.05 6.94 6.99 6.95 6.88
Ti 0.04 0.04 0.04 0.05 0.05 0.04 0.04 0.03 0.06 0.05 0.04 0.04 0.04 0.05 0.06 0.03 0.04 0.03 0.06
Al 3.88 3.87 3.83 3.93 3.80 3.89 3.91 3.86 3.84 3.84 3.85 3.85 3.83 3.85 3.74 3.93 3.84 3.86 3.93
Fe* 1.01 0.97 1.00 1.02 0.91 1.09 1.06 1.07 1.08 1.03 1.05 1.03 1.07 111 0.61 0.70 0.68 0.74 0.76
Mn 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
Mg 0.60 0.59 0.57 0.53 0.54 0.50 0.53 0.50 0.47 0.49 0.56 0.53 0.51 0.45 0.65 0.56 0.60 0.60 0.56
Ca 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
Na 0.08 0.08 0.08 0.07 0.04 0.09 0.09 0.07 0.06 0.07 0.08 0.07 0.07 0.08 0.03 0.05 0.03 0.03 0.05
K 1.75 1.75 1.76 1.75 1.76 1.75 1.75 1.76 1.75 1.76 1.74 1.74 1.73 1.75 1.76 171 1.74 1.72 1.74
Total 14.16 1412 1413 1413 1404 1416 1416 1413 14.10 1409 1414 1410 1410 1412 1391 1393 1394 1396 13.99
Xna 0.04 0.05 0.04 0.04 0.02 0.05 0.05 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.01 0.03 0.02 0.02 0.03
*Total Fe as FeO
Sample KB 14-3
Analysis 42 43 44 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62
Mode Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7
— — — — — — — — Core — — — — — — — — — —
SiO, 51.53 5121 4813 50.72 4818 4855 4797 48.08 46.28 46.97 4744 4695 46.95 4764 4727 4756 49.05 4995 50.26
TiO, 0.42 0.45 0.33 0.34 0.29 0.39 0.35 0.61 0.36 0.31 0.34 0.38 0.35 0.34 0.34 0.39 0.54 0.36 0.44
Al,Oq 24.40 2426 2501 2412 2435 2445 2370 2407 2378 2359 2403 2356 2353 2370 2354 2344 2339 2493 2401
FeO* 5.83 5.85 8.06 6.66 7.70 7.89 8.40 8.18 7.97 8.02 7.92 7.90 7.82 8.20 8.43 8.35 7.33 5.77 571
MnO 0.11 0.07 0.10 0.07 0.09 0.07 0.15 0.09 0.10 0.10 0.10 0.10 0.12 0.09 0.08 0.11 0.08 0.10 0.10
MgO 2.95 3.00 2.76 2.80 272 2.67 275 2.68 294 2.85 2.82 2.83 2.90 2.89 2.79 2.81 2.69 2.85 3.03
CaO 0.01 0.00 0.02 0.02 0.02 0.07 0.00 0.01 0.04 0.00 0.02 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00
Na,O 0.18 0.12 0.44 0.14 0.40 0.41 0.41 0.21 0.42 0.38 0.41 0.41 0.39 0.34 0.37 0.37 0.09 0.15 0.15
K,0 10.22  10.08 9.07 9.38 8.82 8.94 9.67 9.96 9.70 9.53 9.49 9.59 9.47 9.40 9.47 9.43 9.75 9.87 9.99
Total 95.64  95.05 9392 9425 9257 9343 9339 9388 9159 9177 9256 9170 9153 9261 9229 9246 9293 94.00 93.70
Cations on the basis of 22 oxygens
Si 6.96 6.96 6.70 6.95 6.78 6.77 6.76 6.73 6.66 6.73 6.72 6.73 6.73 6.75 6.74 6.76 6.88 6.86 6.93
Ti 0.04 0.05 0.03 0.03 0.03 0.04 0.04 0.06 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.06 0.04 0.05
Al 3.88 3.88 4.10 3.90 4.04 4.02 3.94 3.97 4.03 3.98 4.01 3.98 3.98 3.96 3.96 3.93 3.87 4.04 3.90
Fe* 0.66 0.66 0.94 0.76 0.91 0.92 0.99 0.96 0.96 0.96 0.94 0.95 0.94 0.97 1.00 0.99 0.86 0.66 0.66
Mn 0.01 0.01 0.01 0.01 0.01 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
Mg 0.59 0.61 0.57 0.57 0.57 0.55 0.58 0.56 0.63 0.61 0.59 0.60 0.62 0.61 0.59 0.59 0.56 0.58 0.62
Ca 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.05 0.03 0.12 0.04 0.11 0.11 0.11 0.06 0.12 0.10 0.11 0.11 0.11 0.09 0.10 0.10 0.02 0.04 0.04
K 1.76 1.75 1.61 1.64 1.58 1.59 1.74 1.78 1.78 1.74 1.71 1.75 1.73 1.70 1.72 1.71 1.75 1.73 1.76
Total 13.96 1395 1408 1391 14.02 1403 1416 1413 14.24 1417 1415 1418 1416 1413 1416 1414 1401 1397 13.97
X Na 0.03 0.02 0.07 0.02 0.06 0.07 0.06 0.03 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.01 0.02 0.02
*Total Fe as FeO
Sample KB 14-3
Analysis 63 64 65 66 67 68 69 1 2 3 4 5 6 7 8 9 10 11 12
Mode Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph7 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6
— — Rim Rim — — — — —
SiO, 49.28 46.52 4637 50.05 46.98 4853 4748 4850 49.42 49.37 48.80 48.73 48.95 49.37 49.25 49.15 49.19 4958 49.07
Tio, 0.63 0.33 0.30 0.57 0.33 0.36 0.41 0.39 0.32 0.39 0.39 0.29 0.35 0.39 0.27 0.22 0.29 0.38 0.39
Al,O, 23.03 2343 2364 2331 2353 2375 2354 2376 2359 2352 2415 2384 2377 2382 2442 2416 2403 2334 2395
FeO* 6.68 8.72 7.84 6.33 7.99 741 8.11 9.59 8.55 8.47 9.24 8.92 9.58 9.64 9.14 8.87 9.31 9.76 8.75
MnO 0.08 0.11 0.12 0.12 0.11 0.12 0.09 0.19 0.12 0.15 0.21 0.27 0.40 0.29 0.25 0.22 0.19 0.18 0.15
MgO 2.92 2.78 2.70 297 2.78 2.65 2.96 2.60 2.92 2.99 2.54 2.72 251 2.44 2.45 243 2.48 2.48 2.84
Cao 0.00 0.00 0.00 0.02 0.02 0.03 0.04 0.03 0.00 0.00 0.01 0.02 0.03 0.03 0.01 0.01 0.05 0.06 0.01
Na,O 0.20 0.46 0.49 0.13 0.40 0.14 0.35 0.29 0.34 0.31 0.35 0.40 0.36 0.39 0.57 0.59 0.44 0.32 0.34
K,0 9.71 9.48 9.48 9.82 9.75 9.59 9.33 9.56 9.40 9.26 9.28 9.26 9.16 9.03 8.58 8.41 8.75 8.88 9.29
Total 9253 91.82 9094 9332 9189 9257 9230 9490 94.65 9446 94.96 9443 9512 9540 94.94 9406 9473 94.98 94.77
Cations on the basis of 22 oxygens
Si 6.92 6.69 6.70 6.95 6.73 6.84 6.75 6.75 6.84 6.84 6.76 6.78 6.78 6.81 6.79 6.82 6.81 6.86 6.79
Ti 0.07 0.04 0.03 0.06 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03 0.04 0.04 0.03 0.02 0.03 0.04 0.04
Al 381 3.97 4.03 3.82 3.97 3.94 3.94 3.90 3.85 3.84 3.94 391 3.88 3.87 3.97 3.95 3.92 3.81 391
Fe* 0.78 1.05 0.95 0.74 0.96 0.87 0.96 112 0.99 0.98 1.07 1.04 111 111 1.05 1.03 1.08 113 1.01
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.03 0.05 0.03 0.03 0.03 0.02 0.02 0.02
Mg 0.61 0.60 0.58 0.62 0.59 0.56 0.63 0.54 0.60 0.62 0.52 0.56 0.52 0.50 0.50 0.50 0.51 0.51 0.59
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
Na 0.05 0.13 0.14 0.04 0.11 0.04 0.10 0.08 0.09 0.08 0.09 0.11 0.10 0.10 0.15 0.16 0.12 0.09 0.09
K 1.74 1.74 1.75 1.74 1.78 1.72 1.69 1.70 1.66 1.64 1.64 1.64 1.62 1.59 151 1.49 1.54 1.57 1.64
Total 14.00 1422 1419 1397 1420 14.03 1413 1415 14.08 1406 1410 1411 1410 1406 1403 1400 1404 1403 14.08
Xna 0.03 0.07 0.07 0.02 0.06 0.02 0.05 0.04 0.05 0.05 0.05 0.06 0.06 0.06 0.09 0.10 0.07 0.05 0.05

*Total Fe as FeO
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Table 1. (continued)

Sample KB 14-3
Analysis 13 14 15 16 17 18 19 20 21 23 24 25 26 27 28 29 30 31 32
Mode Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph6 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5
— Core — — — — — — Rim Rim — — — — Core — — — —
SiO, 48.59 4854 4890 4885 4873 49.08 50.10 51.88 51.55 46.47  46.10 4719 47.68 4749 4736 46.92 4649 48.74 49.73
Tio, 0.33 0.35 0.35 0.34 0.37 0.41 0.53 0.51 0.37 0.52 0.27 0.27 0.29 0.27 0.31 0.25 0.47 0.39 0.36
Al,0, 23.77 2395 2409 2399 2381 2328 2381 2447 2453 2467 2502 2627 26.62 26.66 26.48 2585 2447 2465 24.27
FeO* 8.78 8.56 8.81 8.73 9.08 8.65 8.40 7.26 6.67 791 8.00 6.91 6.81 6.60 6.82 7.32 8.54 8.45 8.43
MnO 0.16 0.14 0.17 0.25 0.22 0.24 0.19 0.27 0.27 0.09 0.11 0.06 0.09 0.04 0.12 0.06 0.05 0.08 0.10
MgO 2.82 3.00 2.93 2.86 2.62 2.75 2.34 2.56 2.61 2.36 2.65 2.57 2.72 2.65 2.62 2.63 2.45 2.47 2.87
Cao 0.01 0.01 0.02 0.02 0.00 0.00 0.01 0.02 0.02 0.02 0.00 0.02 0.02 0.00 0.01 0.01 0.04 0.02 0.02
Na,O 0.40 0.43 0.48 0.44 0.32 0.27 0.14 0.13 0.13 0.18 0.69 0.82 0.78 0.83 0.81 0.74 0.29 0.37 0.37
K,0 9.27 9.28 9.06 8.91 9.38 9.49 9.47 9.65 9.60 9.46 9.26 8.98 8.91 8.99 8.96 8.92 9.15 9.63 9.62
Total 9414 9426 9480 9438 9453 9417 9498 9675 9576 9169 92.09 93.09 9392 9354 9350 92.70 91.95 94.81 9577
Cations on the basis of 22 oxygens
Si 6.78 6.76 6.76 6.78 6.78 6.84 6.89 6.95 6.96 6.65 6.58 6.59 6.59 6.59 6.58 6.60 6.64 6.74 6.80
Ti 0.03 0.04 0.04 0.03 0.04 0.04 0.05 0.05 0.04 0.06 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.04 0.04
Al 391 3.93 3.93 3.92 3.90 3.83 3.86 3.86 3.90 4.16 421 4.33 4.34 4.36 4.34 4.29 4.12 4.02 391
Fe* 1.02 1.00 1.02 1.01 1.06 1.01 0.97 0.81 0.75 0.95 0.96 0.81 0.79 0.77 0.79 0.86 1.02 0.98 0.96
Mn 0.02 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
Mg 0.59 0.62 0.60 0.59 0.54 0.57 0.48 0.51 0.52 0.50 0.56 0.54 0.56 0.55 0.54 0.55 0.52 0.51 0.59
Ca 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 0.01 0.00 0.00
Na 0.11 0.12 0.13 0.12 0.09 0.07 0.04 0.03 0.03 0.05 0.19 0.22 0.21 0.22 0.22 0.20 0.08 0.10 0.10
K 1.65 1.65 1.60 1.58 1.67 1.69 1.66 1.65 1.65 1.73 1.69 1.60 1.57 1.59 1.59 1.60 1.67 1.70 1.68
Total 14.11 1412 1410 14.07 1410 14.08 1397 1391 13.90 1410 1423 1413 1410 1411 1412 1413 1412 1411 14.09
X'na 0.06 0.07 0.07 0.07 0.05 0.04 0.02 0.02 0.02 0.03 0.10 0.12 0.12 0.12 0.12 0.11 0.05 0.06 0.05
ol Te as Fe0
Sample KB 14-3
Analysis 33 34 35 36 37 38 39 40 41 42 43 44 45 43 49 50 51 52 53
Mode Ph5 Ph5 Ph5 Ph5 Ph5 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph2 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4
— — — — Rim Rim — — —
Sio, 4997  50.64 5167 5460 5341 50.43 4937 5276 5151 5161 51.92 5156 5278 50.28 53.02 50.16 49.90 49.55 49.40
Tio, 0.37 0.37 0.34 0.43 0.45 0.41 0.43 0.39 0.62 0.61 0.35 0.68 0.42 0.30 0.23 0.29 0.30 0.33 0.38
Al,Oq 23.06 2329 2255 2342 2270 2546 2542 2548 2458 2398 2464 2362 2485 2444 2512 2396 2468 2525 25.27
FeO* 8.33 8.01 8.41 6.59 7.72 712 771 5.81 6.59 7.16 6.41 7.16 6.28 6.77 5.99 6.76 6.76 6.30 6.10
MnO 0.10 0.09 0.08 0.09 0.10 0.08 0.11 0.12 0.09 0.11 0.13 0.09 0.12 0.09 0.09 0.10 0.08 0.08 0.09
MgO 3.02 3.09 3.16 3.04 2.86 2.79 2.70 2.93 2.73 2.85 2.88 2.90 291 2.28 2.62 2.35 2.27 2.23 2.27
CaO 0.00 0.01 0.03 0.02 0.03 0.00 0.04 0.00 0.01 0.00 0.02 0.02 0.02 0.01 0.01 0.01 0.00 0.00 0.03
Na,O 0.32 0.34 0.32 0.12 0.11 0.17 0.20 0.17 0.13 0.15 0.14 0.19 0.13 0.14 0.17 0.14 0.17 0.22 0.16
K,0 9.66 9.68 9.67 10.11 9.86 10.00 10.08 10.36  10.26 10.15 10.36  10.14  10.25 9.93  10.05 9.85 9.74 9.74 9.87
Total 9483 9552 9622 9842 9724 96.46 96.05 9800 96.52 9663 96.85 9635 97.74 9425 9730 93.61 9391 93.70 93.56
Cations on the basis of 22 oxygens
Si 6.90 6.92 7.02 7.15 713 6.80 6.72 6.94 6.92 6.94 6.95 6.96 6.97 6.92 7.01 6.95 6.89 6.84 6.83
Ti 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.06 0.06 0.04 0.07 0.04 0.03 0.02 0.03 0.03 0.03 0.04
Al 3.75 3.75 3.61 3.62 3.57 4.04 4.08 3.95 3.89 3.80 3.89 3.76 3.87 3.96 3.92 3.91 4.02 411 412
Fe* 0.96 0.92 0.95 0.72 0.86 0.80 0.88 0.64 0.74 0.81 0.72 0.81 0.69 0.78 0.66 0.78 0.78 0.73 0.71
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.62 0.63 0.64 0.59 0.57 0.56 0.55 0.57 0.55 0.57 0.57 0.58 0.57 0.47 0.52 0.49 0.47 0.46 0.47
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.08 0.09 0.08 0.03 0.03 0.04 0.05 0.04 0.03 0.04 0.04 0.05 0.03 0.04 0.04 0.04 0.05 0.06 0.04
K 1.70 1.69 1.67 1.69 1.68 1.72 1.75 1.74 1.76 1.74 1.77 1.75 1.73 1.74 1.70 1.74 171 1.72 1.74
Total 14.08 1405 14.02 1386 1390 14.02 1409 13.94 1397 1398 1398 1399 13.93 1396 13.88 1395 13.95 1396 13.96
X Na 0.05 0.05 0.05 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.03 0.03 0.02
*Total Fe as FeO
Sample KB 14-3 KB 05
Analysis 54 55 56 57 58 59 68 70 72 73 99 101 22 30 28 29 31 32 34
Mode Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Ph4 Phl Ph6 Ph6 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5 Ph5
Core — — Rim
SiO, 48.99 47.87 5131 49.22 5313 5291 4833 4925 50.83 49.58 49.69 49.66 51.76 49.93 49.15 49.10 50.39 50.88 50.20
Tio, 0.45 0.28 0.28 0.20 0.17 0.17 2.30 0.30 0.35 0.41 0.14 0.13 0.59 0.15 0.00 0.00 0.07 0.10 0.13
Al,O4 25.12 2356 2478 2324 2579 2544 2323 2355 2499 2452 2514 2448 2936 3199 3288 3320 30.75 31.65 31.86
FeO* 6.41 8.12 6.43 8.85 5.98 595 10.02 9.37 8.00 9.08 7.86 8.09 431 4.39 3.95 421 4.45 4.06 4.00
MnO 0.10 0.09 0.10 0.10 0.04 0.09 0.40 0.46 0.18 0.26 0.12 0.07 0.04 0.05 0.04 0.03 0.00 0.02 0.01
MgO 2.26 2.22 2.57 2.33 2.54 2.52 191 1.93 1.88 179 3.03 3.02 2.01 150 1.28 1.26 179 1.63 1.42
Cao 0.06 0.07 0.00 0.02 0.00 0.01 0.46 0.06 0.05 0.11 0.02 0.04 0.26 0.00 0.02 0.05 0.04 0.02 0.00
Na,O 0.12 0.16 0.15 0.18 0.16 0.16 0.14 0.13 0.15 0.14 0.14 0.16 0.39 0.38 0.44 0.35 0.36 0.41 0.35
K,0 9.78 9.79 9.90 9.82 10.01 10.09 9.44 9.86 9.80 9.98 10.31 10.08 8.44 8.31 8.99 8.50 8.76 8.63 9.03
Total 9328 9216 9551 9396 9782 97.33 9622 9490 9623 9588 96.45 9573 9717 9669 96.75 96.70 96.61 97.38  97.00
Cations on the basis of 22 oxygens
Si 6.81 6.82 6.94 6.89 6.98 6.99 6.67 6.85 6.88 6.81 6.75 6.80 6.74 6.53 6.44 6.42 6.61 6.60 6.55
Ti 0.05 0.03 0.03 0.02 0.02 0.02 0.24 0.03 0.04 0.04 0.01 0.01 0.06 0.01 0.00 0.00 0.01 0.01 0.01
Al 412 3.95 3.95 3.83 3.99 3.96 3.78 3.86 3.99 3.97 4.03 3.95 4.50 4.93 5.08 5.12 4.76 4.84 4.90
Fe* 0.74 0.97 0.73 1.04 0.66 0.66 1.16 1.09 0.91 1.04 0.89 0.93 0.47 0.48 0.43 0.46 0.49 0.44 0.44
Mn 0.01 0.01 0.01 0.01 0.00 0.01 0.05 0.05 0.02 0.03 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Mg 0.47 0.47 0.52 0.49 0.50 0.50 0.39 0.40 0.38 0.37 0.61 0.62 0.39 0.29 0.25 0.25 0.35 0.31 0.28
Ca 0.01 0.01 0.00 0.00 0.00 0.00 0.07 0.01 0.01 0.02 0.00 0.01 0.04 0.00 0.00 0.01 0.01 0.00 0.00
Na 0.03 0.04 0.04 0.05 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.10 0.10 0.11 0.09 0.09 0.10 0.09
K 1.73 1.78 171 1.75 1.68 1.70 1.66 1.75 1.69 1.75 1.79 1.76 1.40 1.39 1.50 1.42 1.47 1.43 1.50
Total 13.97 14.09 13.93 14.08 13.87 13.88 14.05 14.08 13.95 1406 1413 1412 1370 13.73 1382 13.77 13.78 13.74 13.78
Xna 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.07 0.06 0.07 0.06 0.06 0.07 0.06

FTotal e as 10



