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Abstract

This paper lists the XRF major and trace element (Rb, Sr, Y, Zr, Nb, Ba, Th, Pb, and Ni) analyses
of 198 Sanbagawa pelitic schists along with their mineral assemblages. These data give the following
average composition of the Sanbagawa pelitic schist (1 ¢ of standard deviations in parentheses): Major
element in weight percent; SiO,, 68.94 (3.17); TiOq, 0.55 (0.10); Al,O3, 15.12 (1.22); FeoOs, 4.49 (1.07);
MnO, 0.14 (0.08); MgO, 1.68 (0.51); CaO, 0.99 (0.75); NayO, 2.47 (0.83); K.O, 3.02 (0.55); P05 0.11
(0.02); loss of ignition, 2.14 (0.62); Trace element in ppm; Rb, 119 (21); Sr, 129 (60); Y, 21.1 (4.7); Zr,
144 (17); Nb, 9.6 (1.4); Ba, 486 (103); Th, 12.7 (2.1); Pb, 18.7 (5.7); Ni, 15.7 (11.0). The Sanbagawa
pelitic schists are characterized geochemically by the narrow mg-value (=molar MgO/(MgO +FeO)) of
0.422 (0.031), K/Rb weight ratio of 211 (15), and K/Ba weight ratio of 52.3 (6.5).

Introduction

A pelitic schist is a common rock-type in most metamorphic belts. The term “peli-
tic” 1s used loosely to signify all slaty or schistose rocks with a high proportion of micas
or other phyllosilicates (Yarprey, 1989), and involves no geochemical definition at all.
Thus, there is a considerable variation in bulk chemical composition of pelitic rocks in
different metamorphic areas. The geochemical characterization of pelitic rocks in each
metamorphic belt needs the determination of their bulk chemical composition.

The bulk chemical composition and also metamorphic conditions are basic factors
controlling phase equilibria of metamorphic rocks. Hence, we must evaluate the effect of
bulk chemical composition on pressure and temperature estimation of metamorphic rocks
for better understanding of metamorphic evolution. The variation causes the diversity in
the paragenetic relation of rocks concerned, and its full understanding requires the deter-

mination of the bulk chemical composition.
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The pelitic schist is the most dominant rock-type in the Sanbagawa metamorphic
belt. They have been extensively studied from phase petrological point of view, as Ban
No and Sakal (1989) reviewed. Recently, an important progress has been made in the
radiometric dating of Sanbagawa metamorphic rocks (ITava and Takasuci, 1988; Isozaki
and Itava, 1990; Takast and DaLLmeyer, 1990, 1992; Sumjoe and Tacami, 1994). As a
result, we can draw pressure-temperature-time paths of the Sanbagawa metamorphism
fairly quantitatively (e.g., Takasu et al., 1994). Some authors have reported major ele-
ment analyses (Banvo, 1964; Ernst e al., 1970; Kurata and Banno, 1974) and Na,O,
K20, Fe;O3 and MnO partial analyses (Baxno, 1961) of the Sanbagawa pelitic and basic
schists. Little 1s, however, known about bulk rock chemistry, in particular trace element
chemistry, of Sanbagawa pelitic schists.

This paper lists the bulk chemical compositions of about 200 pelitic schists with their
mineral assemblages in the Sanbagawa metamorphic belt, and summarizes them to
understand the geochemical feature. It also presents the average composition as the
mean Sanbagawa pelitic schist. Through this work, Goto undertook XRF analyses and
Hicasnino and Sakar to collect rock samples and determine their mineral assemblages.
Abbreviations of mineral names are, unless otherwise stated, after Kretz (1983).

Outline of geology, metamorphic zonation, and sample localities

The Sanbagawa metamorphic belt belongs to the high-pressure intermediate type of
metamorphism (Mivasairo, 1961). It stretches from eastern Kyushu through Shikoku
Island to the Kanto Mountains for a distance of about 800 km and a width less than 30
km (Fig. 1).

The Sanbagawa metamorphic rocks are composed mainly of pelitic and basic schists,
but also contain some psammitic and siliceous schists, and a rare calcareous schist.
Mappable to hand specimen sizes, metagabbro, peridotite, serpentinite, and actinolite
rocks occur as exotic rocks, particularly in higher structural levels (Kunuciza et al., 1986;
Hicasuaivo, 1990a, b).

The parageneses of pelitic and basic schists have defined several metamorphic zones
of the Sanbagawa belt in central Shikoku (e.g., Basno and Sakai, 1989). HicasHino
(1990a, b) has given a mineral zone map in a wide area of central Shikoku using the first
appearance of garnet, biotite, and oligoclase, which appear successively in the Sanbagawa
pelitic schist during prograde metamorphism. Enamr (1983) and Enawmr et al. (1994) have
estimated the maximum pressure and temperature conditions for each mineral zone; the
chlorite zone, 550-650 MPa and <360°C; the garnet zone, 700-850 MPa and
440 15°C, the albite-biotite zone, 800—950 MPa and 520%25°C; the oligoclase-biotite
zone, 9001100 MPa and 610%+25°C, in the Asemi-gawa and Besshi (Bessi) regions.

Otstrr and Baxvo (1990) have discussed the paragenesis of hematite-bearing basic
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Figure 1. Distribution map of the Sanbagawa metamorphic rocks.
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Figure 2. Locality map with boundaries of metamorphic zones that are after Hicasnino
a; Central Shikoku area.
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schists.

Figure 2 is a locality map of the analyzed samples with boundaries of metamorphic
zones in central Shikoku (Hicasaivo, 1990a). Sanbagawa pelitic schists also occur as
clasts in conglomerates from the Kuma Group of middle Eocene age (Naca1, 1972; Hiro-
Ta, 1990; Yokovama and Itava, 1990; Takasu and Darimever, 1992). Three pelitic schist
clasts were also analyzed. Two (118996 and K-1) of them belong to the oligoclase-
biotite zone grade and one (K-8) of them to the garnet zone grade (Yokovama, personal
communication).

Table 1 lists mineral assemblages of the analyzed samples. All minerals present in
the samples are listed in Table 1 whether all of them are equilibrium or not. As Table |
shows, quartz, albite, muscovite, and graphite (carbonaceous matter) are principal
minerals in the Sanbagawa pelitic schist. Further, clinozoisite occurs in about 89%
(171/192) of the pelitic schist. Although ilmenite occurs as a TiO; accessory mineral in
pelitic schists of the biotite zone (ITava and Banno, 1980), “Ore” in Table 1 may include
it.

Analytical procedure and results

Bulk chemical compositions of 198 pelitic schists were determined by X-ray fluoresc-

Table 1. Mineral assemblages of the analyzed pelitic schist samples. All minerals present in
the samples are listed whether all of them are equilibrium or not. Mineral abbreviations
are after Kretz (1983) except CM (carbonaceous matter) and Ores (ore minerals).

Chlorite zone pelitic schists
Sample No. Locality Qtz Pl -Ms Chi Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others

TH76042507 Kokuryo + + + + + + o+ + O+ o+ o+
TH76042510 Kokuryo + + + + + + + o+ o+ o+
TH76042515 Kokuryo + + + + + + + 4+ + +  Aln
TH76042521 Kokuryo + + + + + + o+ + + + + Aln
TH76042524 Kokuryo + + + + + + + + + + Aln Stp
THT6042526 Kokuryo + + + + + 0+ 4+ + + + + st
TH76042529 Kokuryo thin section absent

TI76042504 Kokuryo + + + + + o+ o+ o+ 4
7176042510 Kokuryo + + + + + + + O+ 0+ o+
TI76042516 Kokuryo + + + + + o+ o+ + O+ O+ o+
TH77052608 Hiura + + + + + + o+ + + + + Aln
THT7052614 Hiura + o+ o+ o+ + + + + + + Aln
THT7052617 Hiura + + + o+ + + + 0+ 0+ o+
H178052901 Hiura thin section absent

HI78052909 Hiura thin section absent

HI78052917 Hiura thin section absent

HIT8052922 Hiura thin section absent

HK69081602 Dozan + + + + + + + 0+ o+ o+
HK69081607 Dozan + o+ + + + o+ o+ o+
HK69081609 Dozan + + + o+ + + o+ 4+ o+
TH81081105 Mishima + + + + + o+ o+ + 0+ o+ o+
TH81081111 Mishima + + + ¢ + 0+ 0+ + + o+ o+
CS83050605 Asemi + 0+ o+ 4+ + 0+ 4 + + AlnFli
583050703 Asemi R + o+ 4 + + +  Lws,Kfs
€S83050705 Asemi + o+ o+ ¢ + + + 4+ Lws, Aln, Kis
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Table 1. Chlorite zone pelitic schists (continued.)

Sample No. Locality Qtz Pl Ms Chi Grt Bt Kbl Ep Cal Spn Rt Tur Ap CM Ores others

CS83050706 Asemi + + + o+ + o+ 4 + + +  Lws, Aln, Pmp
€S83051701 Asemi + 4+ o+ + + O+ O+ O+
€$83051801 Asemi + 0+ o+ & 17 + + + o+
CS83052002 Asemi + 0+ o+ 4 + + O+
C€5840529801 Asemi + + o+ 4+ 7+ 4 + 4
€$84052903 Name + + + 4+ + + + +  tws
CS84052904 Name + + + 4+ + + + o+ o+
CS84052906 Name + O+ o+ F + + ¥
€S84052907 Name + 0+ + 4 + + 4+
€584052505 Tachi + 0+ o+ 4 + + + 0+ o+ o+
Garnet zone pelitic schists

Sample No. Locality Qtz PI Ms Chl Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others
THT5042107  Seki N + + o+
THI5042112  Seki + o+ o+ o+ 4 + + + + 4+ + Aln
THT5042115 Seki + o+ + o+t + + + + + + Aln
THTI5042121  Seki + O+ o+ + 0+ + o+ 4 + + + %+ Adln
TH?5042124 Seki + + + + + + + + + + +
TH15042128  Seki P T S + + + 4+ t + An
TH75042132  Seki + o+t o+ + + + + o4
TH15042134 Seki T + + o+ o+ 4
TH75042136 Seki + o+ o+ o+ * + + + 0+ o+ o+
THT5042212 Seki + 4+ 0+ 4+ 4 + 0+ 4 + o+ o+ o+
TH75042510 Kokuryo + + + + + + + + o+ o+ o+
TH75042515 Kokuryo + + + + 4+ + + 4 + O+ O+ O+
TH76042504 Kokuryo + + + + + + + + 0+ O+ o+
TH77052701 Hiura + + + + 4+ + o+ 4 + 0+ 0+
TH77052704 Hiura + 0+ o+ + 4 + + + 0+ o+ 4+
TH77052708 Hiura + 0+ ¥+ 4+ + 44 + 0+ 0+ ¢
TH75041906 Urayama + + o+ o+ 4 + o+ + + o+ + + Stp
Table 1. Garnet zone pelitic schists (continued )

Sample No. Locality Qtz Pl Ms Ch) Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others
TH76110404 Mishima + + + + + + o+ o+ + + + + Aln
TH76110413 Mishima + + + + + + + + 0+ 0+ 0+
TH76110415 Mishima + + + + + + + + + + +
THI611041T MWishima + + + + + L L
TH76110426 Mishima + + + + + + + + + +
TH71072702  Asemi + 0+ + + 0+ + + + + + + A
THT1072714 Asemi + + + + + + + + + + +
THT1072721  Asemi + 0+ + 0+ + + + + + + + + Aln
THT1080201 Asemi + + + + + + + + + + +
THT1081001 Asemi + + + + + + + + + + + Ain
TH71081004 Asemi + + + + + + + + + + + +
TH71081005 ~ Asemi + 0+ o+ o+ 4 + + + o+ o+ 4
TH72112936 Asemi + + + + 4 + + + + 4+ + Al
TH72113005 Asemi + + + 4+ 4 + + + + + + Aln,Stp
TH72113014 Asemi + + + + + + + + 4+ 4+ + A
TH72113026 Asemi no thin section

€582102602 Asemi + 0+ + + 0+ + + + + + + + Aln
582102604 Asemi + o+ + 0+t + + + + 4
CS$82102606 Asemi + 0+ + 4+ o+ + + + 0+ o+ o+
CS$82102701 Asemi + + + + 4 + + + + + 0+
€$82102708 Asemi + + + + + + + + + + + + Aln
€S82102708 Asemi + + + + o+ + + + + + + Aln
582103106 Asemi + 0+ + + 0+ + o+ o+ 4+ + + Aln
€$82103108 Asemi + + + o+ ¢+ + + 4+ + + + + Irn
€S82103118 Asemi + 0+ + + 4+ + o+ o+ + 0+ o+t
582103121 Asemi + + + + 0+ + + + 0+ o+ o+
€S82110109 Asemi + 0+ 4+ + 4+ + o+ o+ + o+
CS82110111  Asemi + 0+ + ¢t + o+ o+ + + + + Aln
582110202 Asemi + 0+ o+ o+ 4 + + + + + Aln
582110302 Asemi + 0+ + o+ 0+ + 0+ + o+ o+ 0+
€S83051105 Asemi + 0+ + o+ 0t + 0+ + + + + + + Aln
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Table 1. Garnet zone pelitic schists (continued.)

Chl Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others
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583051201 Asemi + ¢+
583051206 Asemi
583051208 Asemi
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€$63102802 Tachi
€$83102905 Tachi
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Table 1. Albite-biotite zone pelitic schists (continued.)

Chl Grt Bt Hbi Cal Spn Rt Tur
+ o+

Sample No. Locality @tz Pl

THT5042834 Tokonabs +
TH75043020 Tokonabe +
TH75050120 Tokonabe +
TH77052807 TYokonabe +
THIT052710 Hiura +
THTT052713 Hiura +
‘THT7052716 Hiura +
THTI7052717 Hiura +
TH1611040% Mishima +
THT6110409 Mishima +
TH71081002 Asemi +
TH71081003 Asemi +
TH71081102 Asemi +
THT1081103 Asemi +
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TH71081107 Asemi +
+
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THT1081110 Asemi
THT1081111  Asemi
TH71081404 Asemi
THT1081405 Asemi
THT1081408 Asemi
THT1081416 Asemi
THT1081418 Asemi
€582102801 Asemi
CS82102802 Asemi
€582102803 Asemi
€5082102805 Asemi
€$82102807 Asemi
€$82102809 Asemi
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Table 1. Albite-biotite zone pelitic schists (continued.)

Sample No. Locality Qtz PI Ms Chl Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others

€S82102814 Asemi + + + Aln
€S82102817 Asemi +
582102901  Asemi +
€582102803 Asemi
€S82102906 Asemi
€S82102909 Asemi
€582102912 Asemi
582102914 Asemi
€$82102919 Asemi
€S82102922 Asemi
€$82103003 Asemi
€S83050403 Asemi
€$83050407 Asemi
€S83050410 Asemi
583050412 Asemi
583050413 Asemi
€S83050801 Asemi
€S83050802 Asemi
€S83051104 Asemi
€S84052603 Asemi
€S83102701 Tachi
€$83102702 Tachi
€S83102705 Tachi
€583102803 Tachi
583102804 Tachi
€583102805 Tachi
€S83102806 Tachi
€583102902 Tachi
584052401 Tachi

Lws (7)
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+
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Table t{continued.). Oligoclase—uiotite zone pelitic schists

Sample No. Locality Qtz Pl Ms Cht Grt Bt Hbl Ep Cal Spn
TH75042404 Kokuryo +
TH75042505 Kokuryo
THB0052705 Seki
THB0052712 Seki
THB0052719 Seki
TH80072303 Hiura
TH80072307 Hiura
THT1081303 Asemi
TH71081306 Asemi
TH71081311 Asemi
TH71081315 Asemi
TH71081422 Asemi
€S83050807 Asemi
CS83050901 Asemi
C883050907 Asemi
€$83050908 Asemi
€S83050909 Asemi
C583051006 Asemi
883051401 Asemi
CS83051402  Asemi
C$83103104 Asemi
AG12-1 Asemi
883102807 Tachi
€$83102903 Tachi
C883102904 Tachi
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Palitic schist clasts in conglomerate from the Kuma Group

Sample No. Qtz Pl Ms- Chl Grt Bt Hbil Ep Cal Spn Rt Tur Ap CM Ores others
K-8 + + + + 0+ + + + + + + I
118996 + + + 4 + + + + o+ +

K~1 + + + + + + + + + + Doi
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ence spectroscopy; major elements by Rigaku model Simultix-3530 and trace elements
(Rb, Sr, Y, Zr, Nb, Ba, Th, Pb, and Ni) by Rigaku model 3370. The analytical proce-
dures are identical to those by Goro and Tatsumr (1991, 1992). The loss of ignition of
samples was also measured gravimetrically. In the following tables, total iron is repre-
sented as FeyOs.

_ Table 2 lists XRF major and trace element compositions of pelitic schists. In Table
2, the data with an asterisk (*) are lower in concentration than the minimum of the stan-
dards and those with double asterisks (**) higher than the maximum one. Table 3 pre-
sents the average values with 1 ¢ of standard deviations and the compositional range of
analyzed samples, representing the mean bulk chemical composition of Sanbagawa pelitic
schists. The compositional variation is conspicuous, and the narrow mg-value (molar
MgO/{(MgO+FeO)) of 0.4221+0.031 (1) (Figure 3), K/Rb weight ratio of 211 =15 (Fi-
gure 4), and K/Ba weight ratio of 52.31+6.5 (Figure 5), being characteristic of the Sanba-
gawa pelitic schist geochemically.
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Table 2. XRF major and trace element analyses of Sanbagawa pelitic schists.

Chlorite zone pelitic schist

Sample TH7604 THT604 TH7604 TH7604 TH1604 TH7604 TH7604 TI7604 TI7604 T17604 TH7705 TH7705 THT705 HIT7805 HI7805 HI7805

No. 2507 2510 2515 2521 2524 2526 2529 2504 2510 2516 2608 2614 2617 290t 2909 2917

(wt. %)

5i02 67.88 73.21 70.82 74.21 73.34 73.30 72.80 68.56 67.83 74.41 72,05 66.69 67.09 73.06 69.33 68.08

Ti02 0.58 0.40 0.50 0.37 0.43 038 0.46 0.53 054 0.39 042 0.59 0.47 0.39 0.53 0.56

Al120; 15.21 13.86 14.13 13.42 1371 13.09 13,08 1466 13.92 13,35 14.22 15.98 16.79 13.32 1500 16.14
2

Fez0:4 4.98 3.18 4.43 315 269 .62 3.05 4.43 440 3.10 3.60 5.01 3.97 290 4.37 429
MnO 0.20 0.07 0.12 0.08 003 004 006 0.11 004 0.04 006 015 0.10 005 0.09 009
Mg0 .77 1.08 1.65 0.93 0.82 076 080 (.58 1.48 1.02 1.12 1.81 148 097 1.42 1,52
Ca0 0.46% 0.174 0.22% 0.15% 054 2,04 1.54 0.97 0.23% 0.10¢ 0.20% 0.65 0.68 1.31 0.62 0. 11%
Na,0 2,37 311 3.20 3,27 297 3.27 412 255 0.60 3.00 285 2.30 3.07 320 251 313
K20 3.41 257 229 257 319 246 1.94 332 453 237 317 3.36 3.90 282 330 3.13
P05 0.11 0.08% 0.09¢ 0.07% 0.09% 0.09¢ 0.08¢ 0.11 0.10% 0 08% 0,08% 0.12 0.10% 0 08% 0.09% 0. 11
Lol 1.83 1.79 1.95 1.66 1.37 113 135 280 558 216 1.87 279 221 1,90 2.02 271
Total  98.80 99.52 99.40 99.88 99.18 99,18 99,28 99.62 99,25 100. 11 99.64 99.45 99.86 100,00 99.28 99,87
(ppm)

Rb 129 105 93.8 105 117 841 72,6 130 160 97.9 135 135 148 101 - 133 13

sr 49.5 40.0 50.9 323 147 290 198 83.9 354 33.4 220 78.4 98.4 142 76.4  44.6
¥ 23.5 18.9 17.8 222 1.2 16.0 16.6 226 257 22,9 1.9 229 26,0 185 255 18.9
Ir 142 146 133 144 162 142 175 150 171 150 143 152 164 134 146 168
Nb 0.2 87 89 83 19 60 63 9.2 10.1 85 86 104 88 65 105 10.8
Ba 480 437 375 415 497 454 35 577 713 381 48 545 564 526 517 551

Th 1227 1.0 1.6 122 L4 8.2 8.8 128 132 12,0 131 132 141 8.2 141 L7
Pb 1.6 12.3 16,3 28.8 18.6 155 160 21.3 20.4 20.6 21.2 1.3 127 183 159 111
Ni 20.9%  7.2% 10.4¢ 6.7¢ L1 1.9% 8.2¢ 16.0% 14.0s  T.9% 6.2% 14.8% 0.6% 4. 4% 14.6¢ 9 6%

mg-value 0.413 0.402 0.425 0.369 0.376 0.365 0.342 0.414 0.400 0.395 0.381 0.417 0.425 0.399 0.392 0. 412
Mn-ratio 2.58 1,46 1.72 1,77 078 1,08 1.4 1.61 0.6t 0.87 115 1.93 1.60 1.15 1,39 1.37
K/Rb 219 203 203 204 221 243 222 213 235 201 196 206 218 232 206 198

K/Ba 59.0 48.9 50.7 44,9 533 449 46.1 4T.T7T 527 GHI.T 541 511 S5T.4 445 53.0 47.2

Fey03;% = total iron as Fez03. LOI; loss of ignition
mg-value; molar MgO/ (MgO+FeQ)

Mn-ratio; percent molar MnO/ (MgO+FeO+Mn0)

K/Rb and K/Ba; weight ratios
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Sample HIT805 HKG908 HK6908 HK6908 TH8108 TH8108 CS8305 CS8305 CS3305 CS8305 CS8305 CS6305 CS8305 CS8405 CS8405 CSBA0S

No,
(wt. %)
$i0;
Ti0;
Al202
Fey03#
MrO
Mg0
Ca0
Naz0
K20
P20s
Lol
Total
{ppm}
f/b

Sr

\

44

Nb

Ba

Th

Pb

Ni

mg-value
Mn—ratio
K/Rb
K/Ba

Table 2

Sample CS8405 CS8405 CS8405

No.
(wt. %)
Si0,
TiOz
Al20;
Fea03%
MnO
Mg0
Ca0
Na20
K20
P205
LO¥
Total
(ppm)
Rb

Sr

Y

Zr

Nb

Ba

Th

Pb

Ni

mg-value
Mn-ratio
K/Rb
K/Ba

2922

66.
0.
17
4,

0.
1
0.
3.
3.
0
2
99,
136

104
20.

209
50. 3

{continued.)

2906

61.04
0.
18,

76
23
49
14
31
62

59
14
3

15.1
. 5
24, 4%

0.414
1. 40
215

54.9

1602 1607 1609 1105 1111 0605 0703 0705 0706 1701 1801 2002 2901 2903 2904
71.88 71.33 70.32 71.15 64.87 67.28 69.02 67.65 69.47 69.29 69.98 64.38 59.63 62.21 69.91
0.45 0.46 0.51 0.47 0.60 0.56 0.48 0.46 0.59 055 0.56 0.63 075 0.69 0.5
14.25 14.98 14.41 14,37 17.25 15.07 15.26 16.55 15.58 14.60 14,37 16.20 18.41 16.91 14,22
3.78 3.93 4.54 368 6527 495 3.09 3.04 45 471 467 691 7.8 616 473
0.05 0.1t '0.08 0,05 0.11 0.09 0.05 005 008 017 015 028 030 02t 010
.29 1,60 1.48 0.95 1.62 1,87 1.25 1,22 1.80 1.8 171 234 296 223 157
0,07% 0.10%¢ 0.13% 0.25¢ 0.56 1.48 2,00 1.63 0.38% 0.50 0.43% 0.37% 0.66 1.32 0.50
2,92 1,00 324 375 2.98 274 4.8 552 28 273 215 275 2.41 181 3.5
2.75. .4.09 2.35 2.35  3.65 2.63 1.76 (.61 258 276 282 259 343 3713 1.84
0.08% 0.08% 0.1t 0.09% 0.10% 0.12 0.12 0.10%¢ 0,12 0.10% 0.10% 0.10%¢ 0.1t 014 0.12
2,34 2,33 2,30 303 300 295 .99 1.61 243 248 278 297 315 360 222
99, 86 100.10 99.47 100, 14 100. 01 99.74 99, 87 99.44 100.47 99.70 99.72 99.52 99.61 99.01 99.33
m 158 99.0 91,1 142 103 68.2 62.2 107 114 121 109 135 183 76.7
34,7 22,9% 57.6 46.3 71.9 143 260 182 48.1 555 63.5 53.5 52.4 113 65.0
9.3 148 186 25.9.. 11,7 185 155 152 18,4 231 17.1 184 21.5 188 11.3
136 142 138 135 166 137 187 117 150 138 120 124 147 136 137
9.6 10,2 9.6 10,0 10.2 8.9 6.8 6.7 9.7 9.7 9.1 9.1 10.9 10.1 9.5
394 696 416 340 641 438 361 334 415 541 494 320 538 623 286
13:8 157 1208 135 14,6 108 8.3 8.6 125 13.2 121 13.3 158 12.4 11.5
18.7 127 11,7 30.1 221 23.0 17.5 20.2 185 15,8 17.0 34 1»%21.3 10.8 20.3
0.6% 16.4% 10.5% 8.8% 12.6% 19.1% 9.8% 7.1% 20.4% 15.0% 17,6% 29.9% 40.6% 29.2% 13.3#
0.403 0.446 0,392 0.338 0.378 0.428 0.445 0.443 0.437 0.432 0.420 0.401 0.4298 0.418 0. 397
0.88 1.71 1.19 100 1.44 1.16 1.00 1.02 1,09 225 2.05 2.66 241 219 .42
206 219 197 214 214 212 214 215 199 202 194 198 21 203 199
57.9 48,8 46.9 S57.4 47.3 49.8 40.4 40.0 51.6 423 47.4 6T.2 53.0 49.7 53.4
Chlorite zone pelite Garnet zone pelitic schists
TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7504 TH7604
2907 2505 2107 2112 2115 2121 2124 2128 2132 2134 2136 2212 2510 2515 2504
64.81 69.35 71,03 71.69 66.91 72.56 €9.42 70.39 69.65 70.63 66.31 66,28 68.76 61.39 65.89
0.66 0.57 0.51 0.35 0.5 037 0.5 048 031 05 0.64 0.64 0.5 061 0.63
16.74 15.24 14,04 15.49 15.34 14,65 14.47 13.65 17.07 14.98 16.65 15.51 15.17 - 1511 16.86
5.43 4.76 3.65 2.47 5.27 248 4.52 479 2.70 3.43 430 508 516 516 511
010 0.t3 013 0.08 037 005 0.8 0.06 0.03 007 008 008 023 021 011
2,02 1.76 1.35 1.0t 2,30 0.93 1.93 1.66 0.90 1.50 1.66 2.02 1.70 203 1.85
0.79 0.32%¢ 0.53 0,44 0.66 0.56 0.53 0.94 0.05% 0.21% 1.19 0.58 0.50 .30 0.53
2.65 208 2.43 3.98 1.13 3.45 1.24 2,65 3.54 211 216 1.40 1.84 206 282
3.34 2,84 2,89 2,68 3.84 273 3.5 221 3.40 3.47 3.5 425 3.37 324 326
0.16 0.15 0.10% 0.07% 0.11  0.05%¢ 0.10% 0.13 0.05% 0.10% 0.13 0.13 0.12 0.12 0.13
251 2,28 216 1046 2,40 164 2,82 2,20 2.05 249 2.83 .2.64 2.90 217 2.76
99.21'99.48 '98.82 99.72 98,91 99.47 99.29 99,16 99.75 99.49 99.51 98.61 100.31 99.40 99.85
125 115 118 110 142 110 144 91,5 136 136 136 144 137 128 125
87.4 74.8 102 133 73.4 135 80.0 110 67.6 556 199 36.3 99,1 128 152
22,8 50.3%% 19.1 26.8%x 22.8 22,6 18.4 21.8 36.84% 19,3 28.4%% 19.9 26.2%% 22.7 1.5
175 142 136 180 138 151 123 128 143 128 165 138 162 140 158
1.0 10.0 9.1 10,2 10.3 8.4 10.0 1.8 9.8 88 10.6 0.0 10.8 9.7 9.6
521 448 432 502 685 445 538 396 564 505 602 547 513 479 481
13.4 13.7 121 t6.2 13.9 12,8 13.8 8.9 15,0 13.5 144 1.4 131 131 130
20.1 17.8 16. 7 30.1 55.8%k 15,3 16.3 15,2 17.8 155 19.7 9.4 19.7 2.6 171
20.7¢  5.3% T.0% 1.8+ 2564 9.9% 17.3% 13.6% 10.9% 4. 6% 10.8% 17.9% 11,0% 26.9% 6, 2%
0.424 0.423 0.423 0.448 0.464 -0.426 0.458 -0.407 0,398 0.464 0.433 0.441 0.395 0.438 0.418
.18 1,74 2,26 1.97 407 1.29 2,37 0.83 0.75 1,22 1,17 0.98 295 251 1.39°
731 206 203 203 224 207 202 200 207 2nm 217 245 204 210 217
53.2 52,7 6555 44.3 46.5 51.0 540 46.4 50,0 5.0 49.1 645 545 561 563

52

15 ~
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Table 2 (continued.)

Atsushi Goro, Toshio HicasHiNe and Chihiro Sakar

Garnet zone pelitic schists

Sample TH7705 TH7705 TH7705 TH7504 TH7611 THT611 TH7611 TH7611 TH7611 TH7107 TH7107 TH7107 TH7108 TH7108 TH7108 TH7108

No. 2701 2704 2708
(wt. %)

§i02 69.07 63.55 68.02
TiO, 0.54 0.69 0.59
Al20;  13.29 17.60 15.31
Fez03# 475 65.89 5.13
MnO 0.16 0.29 0.20
Mg0 2.99 2,12 1,93
Cal 1.23 0.62 0.62
Naz0 .85 3.44 2,38
K20 2711 3.08 312
P20s 0.1t 011 g12
LoI 2.53 2.58 2.07
Total 99,23 99.97 99.49
(ppm)

Rb 110 125 126
Sr 107 133 72.5
Y 20.0 31, 6%% 21,2
Ir 13 163 145
Nb 9.3 124 10.9
Ba 429 468 483
T 10.3 15.8 13.5
Pb 258 140 150
Ni 50.0 25.5% 23.8»

1906

66. 84
0. 57
16, 32
4.56
0.13
1. 51
0. 24»
2,69
3.27
0.
3

L1

. 87
99. 81

d
d.
d.
d.
d.
d.
d.
d

. d.

mg-valve 0.555 0.416 0.427 0,396 0.414 0.463 0.398 0.475

Mn-ratio 1.66 3.13
K/Rb 204 204
K/Ba 52.4 54.6

n.d.= not determined.

Table 2 (continued.)

2,45
208
53.6

1,90

0404 0413 0415 0417 0420 2702
68.39 70.88 65.78 70.26 68.51 74.32
0.54 0.59 0.6t 055 0.64 0.40
14.78 14.96 17.44 16.18 15.31 -13.60
4.45 3,10 4713 2.67 479 284
0.12 0.05 0.08 002 0.1t 0.06
.59 1.35 1.58 1,22 196 111
1.47 1,06 0.20% 0.10% 0.17% 0.51
2.22 0.85 2,58 1.8 1.60 3.16
3.24 4,26 3.91 419 3.62 257
0.11  0.07% 0.16 0.09% 0,09+ 0.08%
2.02 2,38 271 3.43 281 1.46
98.93 99.56 99.79 100.59 99.61 100.11
125 161 150 165 145 104
102 177 68.9 617 49.5 109
231 200 24.4 5.0 7.0¢ 18.4
140 128 165 135 127 137
9.8 10.6 9.5 108 107 6.8
410 178 667 639 570 426
13.1 12,6 17,2 159 145 10.3
21.6 143 1.1 143 193 146
15.5# 3.4% 4.2% (0.0 7.0% 4 5%
0.448 0. 436
.15 0.97 1,13 0.44 141 1.32
218 220 216 21 207 206
57.2 455 487 544 527 50.1

Sample TH7211 TH7211

No. 2936 3005
{wt. %)

8i0; 74.64 T17.48
Ti02 0.35 0.3
Al203 14.12 12.01
Fea038 2.14 1,99
Mn0 0.05 0.06
Mg0 0.81 0.63
Ca0 0.42¢ 0.72
Naz0 2,67 3.28
K20 3.34 224
P205 0.07# 0. 06+
Lot 1,07 123
Total 99. 68 100. 0t
{ppm)

Rb 130 n.d.
Sr 93.0 n.d
Y 22,3 nd
Ir 141 n. d.
Nb 7.6 n.d
Ba 691 n d.
Th 13.0 n.d
Pb 18.8 n. d.
Ni 6.4% n. d.

mg-value 0,429 0,385
M-ratio  1.48 2.04
K/Rb 213

K/Ba 40. 2

Garnet zone pelitic schists

2714 2721 0201 1001 1004 1005
67.28 69.81 7110 73.73 72.21 74.01
0.60 0.59 0.50 0.49 0.55 0.41
16.02 14.82 1501 13.16 13.48 13,87
5.06 4.39 361 387 498 278
0.19 0.07 009 012 017 0.05
.94 177 41 151 171 0.98
0.54 0.40% 0.40% 0.64 072 0.59
2,01 255 274 224 206 3.96
3.53 290 283 2671 261 212
0.10% 0.09% 0.09% 0.09% 0.10% 0.07%
2,20 2.34 -1.68 1.68 137 115
99.47 99.73 99,46 100.20 99.96 99.99
144 118 123 12 12 88.5
112 770 97.1 109 73.0 118
22,0 20.8 16.0 183 19.3 11.6
137 146 131 t1s 139 132
10.3 9.3 9.3 8.6 9.5 .1
579 461 437 448 471 393
141 132 121 1.8 11,2 0.7
19.2 126 228 20.1 1.0 12.7
1.1 15,04 11.1%  T7.0¢ 24.4% 1.5%
0.432 0.444 0.436 0.436 0.405 0.411
2,35 0.99 1.56 1.83 224 118
203 204 192 199 194. 199

50.6 52.3 53.7 49.5 46.0 44.7

THT211 TH7211 €§8210 CS8210 CS8210 CS8210 CS8210 C58210 CS8210 CS8210 CS3210 CS8210 CS8211 CS8211

3014 3026 2602 2604 2606 2701 . 2708
7289 70.65 73.39 68.82 70.06 71.80 68,22
0.53 0.49 0.46 0.5 0.5 054 0.58
13,74 1518 13.81 16.20 14,63 1431 1543
3.43 3.75 3.12 4.83 4.68 4,57 5 31
0.06 0.05 0.06 0.18 0.22 020 023
.22 1.43 1.04 1.79 1.66 1.78 2.03
0.73 - 0.63 0.73 0.59 0.62 0.68 0 87
3.69 3.74 3.51 220 227 1.66 202
2.09 242 2.3 3.20 292 319 332
0.09¢ 0.10% 0.08%¢ 0.12 0.11 0.10% 0.12
1.35 1,27 144 1.96 2.04 1.66 2.09
99.82 99,71 100.00 100.66 99.76 100.49 100.22
85.3 98,2 959 139 123 134 131

120 142 121 101 93.0 70.6 121

16.4 1.4 20,8 24,2 244 1.6 19.9
156 133 140 155 136 130 134

1.5 1.5 86 103 102 96 9,0
394 436 415 563 444 469 G619

9.5 9.6 10.7 149 126 127 150
129 142 135 18,2 211 122 13.8
12.1% 10.9% 10.4% 15.1% 14.6% 17.7# 11.3s
0.413 0,430 0.398 0.423 0.413 0,436 0.431
.14 0.85 1.29 2.36 3.0 271 270
203 205 204 197 197 198 210

441 461 4.2 48.6 546 565 44.5

217

70.
0.
14,
4,

22.

15

0.4
2.
204

54,

09

66
53

.9
3
. T4

37
72

.7

3106 3108
72.21 69.T1
0.39 0.52
12,48 14.43
3.33 4.78
0.16 0.27
1,20 1.88
2,23 1.06
2,21 1.89
282 2.8
0.12 0.13
2,21 2712
99. 48 100. 20
103 121
139 129
17.1 20.2
101 114
1.0 9.3
431 354
9.7 1.3
18.2 26.2
8.3% 20.6%
0.417 0.438
3.06 3.45
221 193
54.3 65.9

3118 3121 0109 . 0t
62,63 74.94 67.53 66.84
0.74 0.30 0.53 0.55
17,36 13.55 15.81 14,62
6.25 2.46 551 474
0.12 0.05 0.35 0.23
2.61 0.64 2.02 1.84
.19 0.59 0.77 283
2,58 4,36 2.04 2.88
3.10 1.84 3.2t 223
0.15 0.07# 0.10% 0.12
2.83 1.3t 209 -3.16
99.56 100.11 99,96 100. 04
121 7.0 134 89.6
210 174 93.0 195
2.6 19.7 23.9 18.¢6
145 141 124 123
10. 1 6.9 9.4 8.9
501 383 512 337
13.3 129 151 115
144 10.7 10.7  37. T#
T.7%  0.2% 25.3% 21.0»
0.453 0,340 0,421 0.435
.17 1.49 3.98 2.99
212 215 200 207
§1.4 39.9 520 550
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Sampie
No.

(wt. %)
$i0;
Ti0,
Al30y
Fe20;%
Mn0
Mg0
Ca0
Naz0
K20
P20s
Lot
Total
(ppm)
Rb

Sr

Y

Ir
Nb
Ba
Th
Pb
Ni

mg-value
Mn-ratio
K/Rb
K/Ba

Sample
No,

(wt. %)
§i0;
Ti0,
A0,
Fe 03
MnQ
Mg0
Ca0
Na,0
k20
P20
LOI
Total
(ppm)
Rb

Sr

Y

Zr

Nb

Ba
Th
Pb
Ni
mg-value
Mn-ratio
K/Rb
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€S8211 €58211 €S8305 CS8305 CSB305 CSB305 CS8406 CSB310 CS8310 CS8310 CS8310 CS3310 CS8310 CS8405 CS8405 CS8405

3004 2504
67.19 62.82
0.60 0,75
16.40 16.70
5.13 6.75
0.33 0.28
1.84 3.07
0.62 0.64
1.89 212
3.68 3,36
0.13 0.13
.81 250
99.62 99.12
156 128
122 t12
26. 844 25.0
168 151
1.7 10,8
535 483
17.7 131
18.4 29.0
24.2% 52,0
0.415 0.474
4.08 2.40
186 218
57.1  60.3

3001 3003
66.15 72.62
0.61 0.51
15.84 13.07
5.82 4.34
0.23 ¢0.22
1.58 1.54
.08 0.60
3.54 203
2,22 2.63
0. 10% 0.09%
2.3 1713
99.33 99.38
91.7 108
162 94. 7
22.2 16.9
119 110
9.5 8.9
4217 410
131 1.2
125 19,7
19.2% 10, 2»
0.358 0.413
2.87 3.24
201 205
43.2 53.2

0202 0302 1105 1201 1206 1208 0307 2703 2706 2802 2905 3002
68.81 64.55 70.31 68.00 68.82 67.29 63.76 69.70 69.97 70.97 72.48 68.87
0.58 0.66 0.51 0.55 0.58 0.54 0,70 0.57 0.49 0.44 0.50 0.55
15.30 15.97 14.29 15,05 15.29 14.95 18.18 15,03 1455 14.41 13.03 14.75
4.86 540 469 454 4,54 467 577 3.8 423 3.43 476 5.04
0.22 0.21 0.20 0.16 0.13 0.16. 0.20 ¢ 07 0.18 0.10 0.26 0.25
.73 2,24 .71 1.81 1,81 1.69 2,13 139 1.38 1,14 1.82 1,85
0.66 1.24 0.99 172 071 1.64 0.29% 0.76 1.58 .22 0.53 0.41%
2,24 233 1.28 172 1.97 2.39 245 2,82 1.8 327 1.48 2.13
3.16 322 322 33 326 305 387 25 311 276 269 292
0.11 0.1z 011 0.1 0t1 0.12 0.13 0.07% 0.09% 0.09% 0.1t 0.1
2.51 3,38 266 2.43 232 2,64 291 195 231 1,17 1.99 194
100.18.. 99,32 99.97 .99.44 . 99.54 99,14 100.39 98.81 99.73 99.00 99.65 98.82
128 131 133 129 131 119 152 106 130 114 114 120
132 142 110 191 130 155 80.6 188 176 127 §7.3 54.9
22.8. 21,3 205 19.2 22,3 22.3 .24.9 32.5%%23.8 22.3 21,8 14,2
147 148 122 134 142 142 170 158 137 146 116 121
10.4 - 10.3 - 10.7 8.2 10.4 9.5 12,0 10.8 10.3 9.0 8.8 9.9
419 485 474 517 553 537 641 380 655 501 449 402
13.9 137 11,7 1.5 140 127 154 152 13.7 122 111 133
12, 4 8.7 20,3 140 3.8 137 157 167 19.5 186 144 20.1
14, 1% 28.0% 10.3% 13.9%¢ 4.6% 16.4« 24,0 - 12. 1% 5.1% 22.2% 11.9%
0.414 0.451 0.419 0.441 0.441 0.418 0.422 0.416 0.393 0,397 0.431 0 421
2,90 2,35 2711 217 417 220 220 1,18 283 1,94 338 313
206 205 202 216 207 213 it 202 198 202 196 202
54,8 551 56,4 53.8 48.9 47.2 501 565 39.4 457 49.7 60.3
Table 2 (continued.)
Garnet zone pelitic schists Albite-biotite zone pelitic schists
CS8405 CS8405 CS8406 C58406 TH7504 THI504 TH7504 THT504 TH7504 THT504 TH1504 THT504 THB00S THI504
3007 3013 0102 0206 2206 2216 2221 2410 2414 2415 2423 2429
69.66 68.78 72.79 73.96 68.44 67.14 64,25 70,03 71.82 7283 70.38 67.35
0.52  0.54  0.39. 0.43 0.5 0.70 0.62 0,57 0.51 0.45 0.52 057
14.82 15,99 14,64 13.61 14,93 15.99 16,38 15.01 14,67 13.75 14.69 16.28
3.99 4,38 2,45 377 465 541 437 472 3.40 371 452 6503
0.06 0.18 0.03 0.12 0.15 017 ~0.18 0.12 010 0.17 0.09 0.14
1.63 1.62 0.84 .42 1,62 1.92 1.75 1.68 121 1.31 142 1.66
0.82 1,06  1.34 0.33« 1.13 0.25%¢ 2.22 0. 34% 0.46% 0 40% 0.28% 0. 31«
3.88 2.47 2,92 2.15 1.84 1,07 259 0.8 2.70 3.53 278 263
.94 3.49 3,29 281 3.3% 3.93 337 399 283 203 283 332
0.12 0.11 0.08% 0.09% 0.12 0. 11 0.14 0.10% 0.11 0. 10% 0.11 0.14
.50 1.70 - 1.60 - 1.80 1.81 2,57 311 2713 2.38 1.60 2.45 2,69
98.74 100. 32 100.37 100.48 98.64 99,26 98.98 100.t7 100. 19 99. 83 100.07 100,12
71.9 132 114 118 131 157 135 157 116 82.3 112 128
186 155 292 72.3 136 85.9 240 7.2 113 116 90.9 81.3
16.3 25.5 21.0 20.7 21.9 20.3 223 208 14.4 16.8 17.2 23.4
151 153 166 123 1317 145 158 131 194 147 144 143
.6 10.6 1.8 8.4 8.2 13.7 120 107 12,0 8.7 8.2 10.0
369 51 559 434 589 565 459 632 463 281 489 453
8.3 t6.5 110 12.1t 12,4 13.1 1.1 130 124 120 127 140
22.8 1.4 21,2 207 21,1 147 195 12,6 40.0¢¢ 15.0 24.4 26.8
6.3%. 2.9% 1.2% 12.6% 15.6% 11.1¢ 12.B% 14.6% 7.3% 4. 4& 13.6% 10.6%
0.447 0.423 0.404 0.427 0.408 0.413 0.442 0.414 0.413 0.412 0.384 0.395
0.93 2.60 0.81 2,01 210 203 252 1,65 1.90 295 .36 1.86
224 220 240 198 215 208 207 210 203 205 210 215
43.7 50.7 48.8 53.7 . 41.8 57.7 60.9 524 50.8 59.9 48.0 60.9

K/Ba

TH7504 THT504

2202 2807 2834
68.82 71.84 65.13
0.56 0.39 0.63
15.66 13.45 16.63
4,66 2.79 539
0.22 0.06 0.20
.81 0.88 183
0.46% 1.95 0.83
218 - 291 215
3.3% 278 375
0.10¢# 0.11 0. 11
2,14 1.26 2.29
99.96 98.52 98.94
133 106 148
102 190 121
23.3 19,2 23.%
156 150 153
1.2 8.5 1.8
511 450 514
16.9 11,2 15,2
22.4 12,3 11.9
24.7%# 2.6 9.9%
0.435 0.410 0. 402
2.82 141 2.4
209 218 210
54.4 51,3 60.5

3020

67. 21

0. 60
15. 05

5. 92
0. 31
2,19
0. 85
2. 08
2, 61
0.1
2.29
99. 22

211
9.9

13.2
28. 4
23. 0%

0. 423
3.29

192
64.8
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Table 2 (continued.)

Atsushi Goro, Toshio HicasHiNo and Chihiro Sakar

Albite-biotite zone pelitic schists

Sample TH71505 THT705 TH7705 THTT05 THT705 THTT05 TH7611 TH7611 THT108 TH7108 TH7108 TH7108 TH7108 TH7108 THT108 TH7108

0401 0409 1002
67.94 69.23 72,57
0.58 0.50 0. 48
16.18 15,63 13.70
4,33 371 425
0.14 0.05 0.13
1.58 123 1,61
0.59 0.78 0.5t
2,10 0.63 1.60
3.68 4.92 3.09
0.1t 0.08¢ 0.1
1.85 2.40 1.96
99.08 99,22 100. 01
142 181 121
109 134 81.5
1.5 23.2 24.2
150 125 139
10.2 10,1 13.6
663 916 484
13.9 140 13.1
1.8 21.4 14,4
6.2¢ 13.6% 16, 1%
0.420 0.393 0 429
2.07 0.90 1,83
216 22§ 202
46.1 44.6 53.0

1003 1102 1103
70.15 63.48 68 31
0.53 0.72 0.6%
15.16 16.40 15.99
4.14 7.96 4.55
0.10 0.34 0.09
1.40 2.65 1,59
0.61 1.03 0.88
3.24 208 2.8
2,716 287 319
0.15 0.11  0.12
.35 236 170
99. 59 100.00 99.93
m 13 125
1217 121 184
20.4 25.0 22.3
168 133 184
8.8 12.2 9.5
497 455 587
13.2 129 12,0
21,3 1.1 1.3
18.5#% 24, 4% 16. 9%
0.401 0.387 0,409
.60 2.82 1.30
201 211 212
46.1 52.4 451

Albite-biotite zone pelitic schists

1104 1107 1108 1109
69.89 T71.90 64.72 66. 74
0.55 0.45 0.69 0.61
14,63 14.83 16.00 16.16
4.43 3.20 S5.67 5.90
0.18 0.05 0.16 0.31
1.68 1.08 234 222
0.84 0.92 1.85 0.83
0.88 2.88 258 2.02
412 3.31 291 3.38
0.09% 0.08% 0.12 0.10%
1.5 1.32 232 1.82
98. 85 100. 02 99. 37 100. 09
156 130 1 134
118§ 149 186 98.8
20.5 26.7¢% 20.9 1T.7
135 165 141 134
9.7 1.8 9.3 9.8
627 523 507 471
1.9 15.6 10.6 15.1
1222 18.4 169 15.4
23.1% 2. 6% 29.4% 15 5%
0.429 0.401 0.450 0.427
2.68 1.04 1,72 328
219 2" 11 209
54.6 52.5 417 59.5

THT108 THT108 CS8210 CSB8210 CS8210 CS8210 €S8210 CS8210

No, 0120 2807 2710 2713 2716 2717
{(wt. %)
$i0; 72.39 67.14 68.13 73.72 '71.56 64.81
Ti0z 0.49 0.56 0,53 0.42 0.43 0.65
Al70; 13.83 15,99 14,35 13,48 13.90 16.68
Fes03# 2.80 4,38 3.8 289 3.24 629
¥n 0.02 - 0.05 0.10 0.05 0.08 0.27
Mg0 0.89 1.60 1.75 t.04 1,12 237
Ca0 0.59 3.47 236 1.04 1.32 0.86
Nay0 2,58 0.47 2.80 3.64 3.04 177
K20 3,13 3.6t 2.81 210 2,713 344
P05 0.09% 0.16 0.12 0,08# 0,08« 0.14
Lot 21 1.88 3.02 21 1.66 2.14
Total 98.92 99.31 99.79 99.67 89.14 99.42
(ppm}
Rb 110 115 107 76.1 98.8 142
St 109 440 174 13 110 118
Y 15. 1 1.0 16.2 19.4 18.1 20.6
Zr 150 166 148 129 128 128
Nb 9.1 1.1 1.6 7.8 8.4 9.7
Ba 426 751 456 323 469 412
Th 9.8 10.6 8.2 10.9 10.1 132
Pb 12.1 19.7 15.2 12,3 17.4 23.0
Ni T.2¢  2.9% 10.6%4 11,0% 7T.4% 28.0%
mg-value 0,386 0.420 0.476 0.416 0, 406 0. 427
Mn-ratio 0.49 0.74 1,52 1.12 .22 2.69
K/Rb 231 260 219 229 229 201
K/Ba 60.9 39.9 51.1 540 48.4 69.4
Table 2 (continued.)
Sample TH7108 TH7108 TH7108 TH7108 THT108
No. 11 1 1404 1405 1408 1416
(wt. %)
$i0 68.55 71.79 T2.10 70.19 70.66 69.22
Ti0 0.57 0.48 0.49 0.53 0.56 0.59
- Alg0s 15,41 14,37 14.20 15.52 14,77 15.20
Fey0:% 4,99 3.48 3.33 379 441 500
MnO 0.19 0.06 0.09 o011 0.14 021
Mg0 1,83 1,39 126 1.3 1.52 17171
Ca0 0.98 0.43% 0.85 0.78 0.8 0.73
Na 0 1.96 2,93 515 3,34 1.52 209
K20 3.30 279 1.42 2.8 3.52 315
P20s 0.11  0.07%# 0.10%¢ 0.09% 0.11 0.09¢
Lot 216 1.85 1.08 1,92 1.9 .85
Total 100.05 99,70 100. 07 100.43 100. 12 99, 90
(ppm)
Rb 134 118 62.4 112 14 130
Sr 115 143 129 155 155 122
Y 21,0 16. 1 20.5 224 22,5 19.6
Ir 136 136 149 156 140 124
Nb 9.8 8.0 8.2 8.3 9.3 9.5
Ba 523 441 252 436 564 560
Th 12.8 11,6 12,2 12,8 12,5 13.4
Pb 19.6 25,1 21,0 23.0 18.8 16.4
Ni 27.4% 4. 6% 15 9% 17,8% 14.0¢ 20, 8%
mg-value 0.421 0.442 0.428 0.415 0.402 0 412
Mn-ratio 2.42 1,07 LT 1.87 206 270
K/Rb 204 196 189 208 207 202
K/Ba 52.4 52,5 46.8 53.3 51.8 46.7

€58210 CS8210 CS8210

1418 2801 2802 2803 2805 2807 2808 2814 2817 2901
68.23 70.64 70.60 72.15 69.72 68.60 64.67 67.41 66.95 72 94
0.58 0.43 0.50 0.54 0.56 0.55 0.68 0.59 0.62 0.37
15,47 15.35 14.52 14.27 15.04 15 31 16.86 15.05 16.00 13.28
473 3,96 4,26 4.7t 504 425 6.08 570 615 2.80
0.12 010 0.12 0.21 0.16 0.08 0.26 0.25 0.33 0.06
.68 .33 164 1.8 1.97 1.26 227 231 225 0.92
.11 0.49 1,00 0.19% 0.77 0.60 0.98 0.88 0.43% 1.97
2.06 287 2.64 0.67 0.60 2.84 2.271 217 2.04 281
3.43 3.03 284 322 415 3.21 3.29 277 2.89 248
0.11 - 0.09% 0.11 0.12 0.11 0.10¢ 0.13 0. 10% 0.12 0.10%
207 200 1.8 2,17 1.88 2,83 2.54 208 2,47 1.64
99. 59 100. 29 100.09 100. 14 100. 00 99.63 100.03 99.31 100.25 99.37
132 134 121 130 140 130 133 103 120 9.8
234 101 129 84.9 56.4 87.2 129 70.2 113 201
2.2 235 (7.2 12.8 25.3 19.5 27.0%+ 18.5 19.6 25.0
150 128 125 115 128 152 138 139 128 134
8.4 9.9 8.2 8.7 9.4 8.7 1.6 9.9 10.0 9.3
733 537 521 313 §99 460 417 359 394 393
12.2 16,7 1.9 13,1 124 12,6 136 12,4 114 127
18.1 15,6 271.8 17.6 10.3 161 29.0 17.1 27.4 13.4
11,48 10.9% 22.2% 14.4% 20.3% 11.2¢ 29.2¢ 27. 2% 24, 2¢ 3.7%
0.413 0.400 0.433 0.443 0.436 0.370 0.425 0.445 0.420 0.394
1.65 1.68 1,77 2.72 1.97 1.32 2.69 2.67T 3.38 144
216 188 194 206 245 205 205 224 201 213
38.9 46.8 452 7.6 5.5 57.9 57.3 641 60.9 524
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Table 2 (continued.)

Albite~biotite zone pelitic azchists

Sample CS8210 CS8210 CS8210 CS8210 €S8210 €S8210 CS8210 CS8210 CS8305 CS8305 CS8305 €SB35 CS8305 CSB305 CS8305 CS830S
No. 29032906 - 2909 2912 . 2014 2019 2022 3003 0403 0407 0410 0412 0413 0801 0802 1104
(wt. %)

§i0z 71.49 67.22 70.02 67.31 67.31 74.67 69.73 64,356 69.33 64.65 68.71 66.98 65.63 68 27 68.89 72,72

Ti0y 0.51 0.64 0.53 0.60 0.62 0.18 0.42 0.69 0.5 0.67 0.57 0.5 0.65 0.61 0.5 0.48
Aly03 14.45 15.69 14.21- 15.44 15,62 14,01 14,72 17.14 14.74 15.96 14.59 1560 16.42 16.06 15.43 14,05
FeaO3# 3.76 593 4.69 544 506 1,99 370 68 393 535 520 4.8 576 566 4.9 311
MnO 0.06 0.40 0.17 0.22 0.17 0.06 006 0.25 007 012 0,23 017 0.24 0,32 0.18 0.07
Mg0 .81 1.88 1.78 2,21 1.99 0.58 1.20 -2.07 1.51 2.44 1,96 1.91 2.29 207 1.78 .12
Cal 0.65 0.77 0.95 0.84 0.95 0.47 0.93 0.66 .77 2.25 0.68 1.55 0.94 0.82 0.72 0.93
N&20 3.56 236 1.27 1,92 219 4.55 2,46 207 275 216 1.98 2.39 1,98 1,52 209 3.56
K0 2.39 2.68 3.51 3.23 3.43 233 393 374 260 2.8 295 301 832 3.26 316 234
P20s 0.11 012 0.10% 0.12 0.12 0.06¢ 0.09%¢ 0.12. 0.11 0.12 0.11 0.12 0.12 0. 10% 0.(1 0.09%
Lo# 1.70. 2,18 2)75..2.63 .2.29 0.99 1.76 .2.85 2.41 2.66 2.66 2.22 2.65 2.34 216 1.35
Total  99.99 09.87 99.98 99.96 99.75 99.89 99,00 99.80 99.75 99.27 99.64 99.52 100.00 101. 03 100,04 99.82
(ppm)

Rb 94.4 110 137 128 134 94.6 159 153 103 112 128 121 140 131 128 88. 8
Sr 145 117 116 106 104 114 138 119 224 203 120 162 136 30.5 114 158

Y 21,6 28.5%% 19.9 20,3 19.2 40.3#% 20.34¢ 23.9 157 21.1 21,4 18.0 19.5 20.3 188 17.0
Ir 165 133 112 131 141 110 . 150 148 148 142 122 137 144 136 137 160
Nb 9.1°.10.6 -~ 9.3- 9.5 .85 127 128 1.4 &8 9.6 9.8 83 10.1 10.2 102 B4
Ba 348 407 540 421 484 337 491 533 399 466 442 497 470 418 514 354
Th 1.6 12.4 11,4 128 12,6 250 7.0 155 10.9 120 124 125 127 14.6 131 10.4
Pb 16,0 27.9 16.4 20.9 9.8 24.3 21.7 20.7 17.8 22,8 21.7 13.7 2.4 22.7 151 152
Ni 19.7# 38.8% 18.5% 26, 4% 17.8%# 2.5% 6, 8% 11.8% 14, 0% 28.9%¢ 240« 20.3% 31.3% 10.9% 10.1% 3.3+

mg-value 0.408 0.386 0,429 0.446 0.438 0.366 0.391 0.412 0.432 0.475 0.427 0.436 0.441 0.420 0.416 0.416
Mr-ratio 1.05 4,46 2,28 2.46 208 211 110 275 113 .31 277 216 2.56 3.56 2.33 1.46
K/Rb 210 203 212 209 213 204 206 203 210 214 192 206 197 201 204 219

K/Ba 57.0 547 53,9 636 589 57.4 664 3582 54t 51.5 554 502 587 647 5.1 549

Table 2 (continued.)

---------------- Albite-biotite zone pelitic schists~————~-———————-—— —Qligoclase-biotite zone pelitic schists-
Sample CS8405 CS8310 CSB8310 CS8310 CSB310 CS8310 CSB310 C58310 CSB310 €SB8405 THY504 THI504 THBO0S THBOOS THBO0S THA007
No. 2603 2701 2702 2705 2803 2804 2805 2806 2902 2401 2404 2505 2705 2712 2719 2303
(wt. %)
Si0; 72.54 70.27 6580 6505 63.54 63.63 68.83 64.54 71.94 69.11 67.80 66.44 66.77 63.83 68.47 67.47
Ti0g 0.43 0.43 0.64¢ 070 0.72 0.67 0.5 0.65 051 059 05 0656 072 073 075 066
Alz03 14.02 - 14.63 16,11 16.00 17.11 17.22 14.52 16.93 13.76 15.35 15.99 16.01 15.78 15.61 12,46 16.16
Fea03# 283 3.16 550 572 6.02 546 522 504 480 4.94 473 498 692 65094 546 505
Mn0 0.04 0.06 0.23 020 0.12 0,12 015 0.13 025 0.24 0.21 0.09 0.22 0.12 0.19 0.09
Mg0 .10 1,12 2,05 214 2.03 200 1.60 1.87 .87 1.72 177 219 237 3.01 2.54 1718
Ca0 0.99 - 1.24 131 .82 1,87 0.79 1.62 72 0.67 0.79 0.44¢ 2,02 2,39 2.96 375 116
Naz0 3.03 3.45 2.10 2.49 3.38 "2.64 2,12 2.39 1.38 216 3.06 1.73 1.48 1.8 1.36 183
K20 2712 2.61 3.21 309 273 411 2,83 3.46 2.86 3.12 300 2.94 252 308 228 3.22
P20s 0.08%.°0.09% 0,12 -0.14. 0.13 0.10¢ 0.18. 0.13 012 012 0.10% 0.13 0.14 0.15 0.16 0.12
Lot 1.57. 1.40 1,75 2.44 1.72 1.95 1.89 231 1.44 1,32 2,43 1,92 .48 1.87 1.37 220

Total 99.35 98.46 08.82.99.79 99.37 98.69 99.54 99.17 99.60 99.46 100.09 99.10 99.79 99.13 98.79 99,75
(ppm)
Rb 100 94,7 127 123 106 128 1M1 133 124 135 114 82.8 78.6 113 83.6 115

Sr 137 159 167 160 214 171 172 204 96.0 125 76.2 247 254 165 182 17t

Y 22,5 1.1 . 22,9 22,6 ..229  21.3. 25,2 .22.1 . 18,0 253 21.1 223 22.8 23.7 20.7 229
Ir 133" 130 146 165 162 - 157 146 164 19 165 152 185 142 146 119 164
Nb 8.1 8.2 10.2 10.5 9.7 8.0 8.1 10.7 7.9 1.1 115 9.8 9.5 '10.6 10.6 1.7
Ba 445 404 455 481 498 963 504 517 408 445 418 587 475 446 n 468

Th M1 11,2 13.2 t4.4 13.8 143 120 137 1.9 151 128 1.7 tL8 120 9.6 143
Pb 15,5 18.5 22,4 21.8 20.1% 150 7.1 228 22.¢ 19,7 225 19,1 1.8 143 144 160
Ni 5. 0% 3.3% 21.6% 22.5¢ 18.9% 17.4% 12.6% 14.2% 22,9+ 22.7¢ 15 1% 22. 4% 22.9¢ 48.2 23.2%¢ 46.3#

mg-value 0.435 0.412 0,425 0.426 0.400 0.420 0.378 0.424 0.436 0.408 0,426 0.466 0.442 0.501 0.480 0.411
Mn-ratio 0,89 1.24 2,64 2.21 1,33 1.4 1,97 1,65 320 313 279 108 228 112 200 117
K/Rb 225 229 209 208 214 267 201 216 192 192 218 295 266 226 226 233

K/Ba §0.7 53.6 8.6 53.4 455 354 46,6 555 58.2 58.2 59.4 41.6 440 S1.4 5.0 672
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Table 2

(continued.)

Atsushi Goto, Toshio HicasHiNo and Chihiro Sakar

Oligoclase-biotite zone pelitic schists

Sample TH8007 TH7108 TH7108 TH7108 THT108 TH7108 CS8305 CS3305 CS8305 CSB305 (58305 CS8305 CS8305 CS8305 CS8310 AG12-1

No.
(wt. %)
§i0;
Ti02

- Abz03
Fa034
W0
Mg0
Ca0
Naz0
K20
P20s
Lol
Total
(ppm)
Rb
Sr
Y
Ir
Nb
Ba
Th
Pb
Ni

mg-value
Mri-ratio
K/Rb
K/Ba

Table 2

Sample
No.
(wt. %)
$i0;
Ti0,
Al20s
FeaOy%
MnO
Mg0
Ca0
Na0
K20
P20s5
Lol
Total
(ppm)
Rb

Sr

\

ir

Nb

Ba

Th

Pb

Ni

mg-vaiue
Mn-ratio
K/Rb
K/Ba

2307 1303 1306
65.95 70.78 64.47
0.60 0.50 0.59
15.90 14,37 15.15
4,41 4.67 4.9
0.13 0.18 0.20
2,24 1,18 1.56
3.81 0.92 314
.18 1.88 2.83
3.14 292 213
0.13 012 0.13
2,04 1,26 2.4
99.53 99.38 98.75
103 126 103
277 149 288
19.3 16.¢ 21.8
153 128 143
8.3 .8 1a7
606 537 479
1.2 12,8 10.6
18.0 22,4 23.0
8. 8% 26.2% 13.0%
0.502 0.430 0,386
1.63 2.4t 214
253 182 220
43.0 45,1 413

(continued.)
04, -bt. zone pelites
CS8310 CS8310 CS8310
2807 2903 2904
68.64 70.70 70.50
0.58 0.54 0.54
15.09 14,75 14.29
4.39 3.8 4,25
0.10 0.15 0,12
1.50 1,42 1. 59
1.87 1.43 1. 59
2.7t 2.76 1. 81
2,717 260 3.01
0.10¢ 0.09% 0.11
1.63 1.0t 1. 41
99.38 99.26 99,22
108 102 115
215 191 178
20.9 18.9 1.7
149 173 141
9.5 9.6 8.3
404 315 450
10,7 1.3 1.5
19.2 19,7 17. 4
1. 7% 1.7% 10.5%
0.404 0.425 0.426
.51 .2.48 .79
214 212 218
56.9 57.6 55.6

1311 1315 1422
63.85 67.74 70.69
0.68 0.57 0.49
16.59 15.32 14,80
5.59 5.04 4,00
0.18 0.14 0.24
1.84 1.70 (.73
1.89 119 113
2.89 3.38 18t
3.05 271 341
0.12  0.09% 0.09%
2.54 1.61 2.06
99.42 99,49 100. 45
17 17 133
208 164 108
23.5 217 233
162 132 121
9.8 6.3 8.6
531 466 414
14,1 13.8 13.7
24,7 29.9 253
21, 7% 20. 1% 16, 1%
0.407 0.401 0.461
2.10 1.84 3,81
216 193 213
47,7 48.3 68,4

metamorphic grade

0807

62.
0.
16,

65

moewpPppes

99.

13.3
14.1
49. 8
0. 502
1,24
253
43. 4

Pelitic schist clasts

1

K-8 118996

65.31 60, 47
0.

1.

o _
Smoprmmowmbe
wowN~wo®

35 100. 33

90. 2
183

122
199

24,
173

10.
859
7 12
L7010,
21. 5% 67,

0.412 0.544
0.96 0.92

189 243
5.8 529

L T

- -ty

Grt 0I-Bt

K-1

0901 0907 0908 0909 10
73.85 71.31 66.75 67.66 68.
0.31 0.43 0.67 0.60 0O
14.83 14,95 16.31 1518 15,
2,83 3.44 5.37 4.83 4
0.1t 0.09 0.08 0.13 0.
0.93 1.18 1.8 1,83 1,
0.67 0.72 0.95 168 1.
1.74 2,81 2,42 . 226 2.
3.23 309 290 298 2
0.08% 0.08« Q.14 0,10% Q.
1.22 1,86 263 210 1.
99.80 99,65 100.07 99.36 99.
125 120 17 115 "7
145 123 153 198 118
27, 1#% 24,5 . 20.3° 17.3 21
146 149 159 145 145
9.7 9.1 9.4 8.8 10,
597 406 421 433 464
18,2 13.2 12,5 11.0 12
245 19.3 1.2 19.4 20
8.3% 6.9¢ 11,0% 161+ 13
0.394 0.405 0.406 0.429 0.4
2.58 172 0.99 170 2
214 213 205 216 210
44.8 63.2 57.2 S1.2 52

06 1401
30 T71.14
60 0.49
44 13.85
% 3.49
16 0.06
% 1.25
52 1.69
23 - 2,84
86 2.13
12 0.08«
73 2.08
ST 99.70
102
164
.5 18.3
134
. 3 8.3
43
.1 10,5
4 16.6
. 4% 9, B*
21 0.415
14 1.12
223
.9 52.6

1402 3104
73.78 73.51 69.42
0.47 0.43 0.58
13.00 11.57 1521
3.58 4.36 5.10
0.10 015 020
.31 1.60 1,94
.36 1,46 0.83
.98 1,78 2.16
2.61 2.64 2.84
0.1 .10+ 0.1
.39 1.37 20t
99,68 99.06 100. 40
106 115 120
193 12 128
16.8 246 23.5
146 104 141
8.6 7.6 9.8
315 354 420
8.3 9.1 120
16.3 147 20.5
5.3% 12.1% 20 4%
0.420 0.421 0. 430
.79 2,19 2.46
205 191 196
57.7 61.8 56.1

Table 3. Average, standard deviation (1
o ) and range for bulk chemical com-
positions of Sanbagawa pelitic schists

Average
(wt. %)
5i02 68. 94
Ti0z 0. 55
Al203 15. 12
Fe203# 4.49
MnO 0.14
Mgl 1. 68
ca0 0. 99
Naz0 2. 47
K20 3.02
P20s 0. 11
LOI 2. 14
(ppm)
Rb 119
Sr 129
Y 21.1
Zr 144
Nb 9.6
Ba 486
Th 12.1
Pb 18. 7
Ni 15. 7
mg-value 0. 422
Mn-ratio 1.92
K/Rb 211
K/Ba 52.3

1o

3. 17
0. 10
1,22
1. 07
0. 08
0.51
0.75
0. 83
0. 55
0. 02
0. 62

21
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-
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3. 68 0. 58
4,87 0. 05
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4, 92 1. 42
0.19 0. 05
5. 58 0. 98
181 62.2
440 22.0
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194 101
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963 252
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55. 8 8.7
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4. 46 0. 44
295 188
1.6 32. 1
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Figure 3. Frequency distribution for mg-value. Boxes labelled by “K” are the data of pelitic
schist clasts from the Kuma Group.
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Figure 4. Frequency distribution for K/Rb weight ratio. Boxes labelled by “K” are the
data of pelitic schist clasts from the Kuma Group.
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