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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 (l a of standard deviations in parentheses): Major
element in weight percent; Si02, 68,94 (3.17); Ti02, O.55 (O.10); A1203, 15.12 (1.22); Fe203, 4.49 (1.07);

MnO, O,14 (O.08); MgO, 1.68 (O.51); CaO, O.99 (O.75); Na20, 2.47 (O.83); K20, 3.02 (O.55); P20s O.11
(O.02); loss of ignition, 2.14 (O.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 MgOl(MgO+FeO)) of
0.422 (O.031), K!Rb weight ratio of211 (15), and K!Ba weight ratie of52.3 (6.5),

Introduction

    A pelitic schist is a common rock-type in most metamorphic belts. The term "peli-

tic" is used loosely to signify all slaty or schistose rocks with a high proportion of micas

or other phyllosilicates (YARDi.Ey, 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 fu11 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 rnetamorphic

belt. They have been extensively studied from phase petrological point of view, as BAN'-

No and SAKAi (l989) reviewed. Recently, an important progress has been made in the

radiometric dating of Sanbagawa metamorphic rocks (ITAyA and TAKAsuGi, 1988; IsozAKi

and ITAyA, 1990; TAKAsu and DALLMEyER, 1990, 1992; SHiiJoE and TAGAMi, 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 (BANNo, 1964; ERNsT et al., 1970; KuRATA and BANNo, 1974) and Na20,

K20, Fe203 and MnO partial analyses (BANNo, 1961) of the Sanbagawa pelitic and basic

schists. Little is, 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 preseBts the average composition as the

mean Sanbagawa pelitic schist. Through this work, GoTo undertook XRF analyses and

HiGAsHiNo and SAKAi 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 (MiyAsHiRo, 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 Ievels (KuNuGizA et al., I986;

HiGAsHiNo, 1990a, b).

    The parageneses of pelitic and basic schists have defined several metamorphic zones

of the Sanbagawa belt in central Shikoku (e.g., BANNo and SAKAi, 1989). HiGAsHiNo

(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. ENAMi (1983) and ENAMi et al. (1994) have

estimated the maximum pressure and temperature conditions for each mineral zone; the

chlorite zone, 550-650 MPa and <3600C; the garnet zone, 700-850 MPa and
440Å}150C, the albite-biotite zone, 800-950 MPa and 520Å}250C; the oligoclase-biotite

zone, 900-1100 MPa and 610Å}25eC, in the Asemi-gawa and Besshi (Bessi) regions.

OTsum and BANNo (1990) have discussed the paragenesis of hematite-bearing basic
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schists.

. Figure 2 is a locality map of the analyzed samples with boundaries of metamorphic

zones in central Shikoku (HiGAsHiNo, 1990a). Sanbagawa pelitic schists also occur as

clasts in conglomerates from the Kuma Group of middle Eocene age (NAGAi, 1972; HiRo-

TA, 1990; YoKoyAMA and ITAyA, 1990s TAKAsu and DALLMEyER, 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 (YoKoyAMA, 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 1

shows, quartz, albite, muscovite, and graphite (carbonaceous matter) are principal

minerals in the Sanbagawa pelitic schist. Further, clinozoisite occurs in about 890/o

(171!192) of the pelitic schist. Although ilmenite occurs as a Ti02 accessory mineral in
                                      /                               'pelitic schists of the biotite zone (ITAyA and BANNo, 1980), "Ore" in Table 1 may include

                  '.It. '                               '

Bulk chemical

       Analytical procedure and results

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 (l983) except CM (carbonaceous matter) and Ores (ore minerals).

  Chlorite zone petitic schists

  Sample No. Locality Qtz Pl•Ms Chl Grt Bt Hbt Ep Cel Spn Rt Tur Ap CM Ores' others
THT604250T
THT6042510
TH76042515
TH76042521
THT6042524
THT6042526
THT6042529
TITe042504
TIT6042510
TIT6042S16
THTT052608
THTI052614
TH77052617
HIT8052901
HITS052909
HIT8052917
HIT8052922
HK69eBt602
HK6908160T
HK6908160g
TH81e81105
THS1081111
css3ese6es
CS83050T03
CS83050T05

Kokurye
Kokurye
Kekuryo
Kekurye
Kekurye
Kekurye
Kekurye
Kekurye
Kokurye
Kekurye
Hiura
Hiura
Hiure
Hiura
Hiura
Hiura
Hiura
Dezan
Dozen
Dozan
Mishima
Mishima
Asemi
Asemi
Asemi

+
+
+
+
+
+
thin
+
+
+
+
+
+
thin
thin
thin
thin
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+

  +
  +
  +
  +
  +
  +
sectlon
  +
  +
  +
  +
  +
  +
section
sectton
section
seetien
  +•
  +
  +
  +
  +
  +
  +
  +

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+
+
+

absent

ebsent
absent
absent
ebsent

+
+
+
+
+
+

+
+
+
+
+
+

+

+
+
+
+
+
+

+

+

+

+

+
+

+
+
+
+

+
+
+
+
+
+

+
+
+
+
+

+

+

+

+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+

+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+

+

+
+

+
+
+

+
+
+
+
+
•+

+
+
+

+
+
+
+

+

+
+

+ Aln
+ Ain
+ Aln,Stp
+ Stp

+
+
+
+ Aln
+ Aln
+

+
+
+
+
+
+
+
+

Aln, Ft
Lws, Kfs
Lws, A1n, Kfs
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Table L Chlortte zone petittc schists <centinued)

Sample No. Locelity atz Pl Ms ChS Grt Bt Hbl Ep Cal Spn Rt Tvr Ap CM Ores others
css3ose7e6 Asemi
CSS305tTOf Asemi
css3esleol Aseni
CS83052002 Asemi
CS840529el Asemi
CS84052903 Narne
CS84052904 Narne
CSS4"S2g06 Name
CS84052907 Neme
css4os2sos Tachi

+++++++•+++++?+++++++ •++++++++++++++•+++++++

+++  +  +  +?++  ++- +  +  +++

+ + + Lws,Atn,Pmp
+++++ ++  ++  +• ++ ++ Lws +++  ++  ++++++

Garnet zene pelitic schists

Semple No. Locaiity Otr Pl Ms Cht Grt Bt Hbi Ep Cal Spn Rt Tur Ap CM Ores others
TH7504210T Seki + + + + +
THT5042112 Seki + + + + +
THTs042115 Seki + + + + +
THTso42121 seki + + + + +
TH75042124 Seki + + + + +
TH75042128 Sek; + + + + +
TH75e42132 seki + + + +
TH75042134 Seki + + + + +
TH7504213fi Seki + + + + +
THT5042212 Seki +'+ + + +
THT5042510 Kekurvo + + + + +
THT5042515 Kokurvo + '+ + + +
TH76042504 Kokuryo + + + + +
TH7T052Tel Hiura + + + + +
THTT052Te4 Hiura + + + + +'
TH7T052708 Hiura + + + + +
TH7504tgOe Vrayama + + + + +

+++++•+++++++++++++•+++++++++++++++++ +•+
+++

++++++++ Aln++++ Aln++++ Atn++++++++ Aln+ ++++ +•+•+•+ + +-++•+ ++++++++++++++++++++ +-++++++++ Stp

Tabte 1. Garnet zone pelitic schists (continued,)

Sample Ne. Locel•ity atz Pl Ms Chl Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM eres others
TH761t0404 Mishima
TH76110413 Mishima
THT61t04t5 Mishima
TH161te411 Mishima
THT6tte42e Mishirna
TH71e72T02 Aserni
THIIO12T14 Asepti
TH71012T21 Aserni
TH7tOSe201 Asemi
THTIOStOO! Asemi
TH71eSIO04• Asemi'
TH710SIO05 ' Aseni
TH72112936 Asemi
THT2113005 Asepti
THT2113014 Asemi
TH72113026 Asemi

'CS821026e2 Asemi
CS82102604 Asemi
cS82102606 Asepti
CS82102TOI Asemi
CSS2102Te8 Asemi
CS82f02709 Aseni
CS82103106 Asemi
CS82t03108 Asemi
CSS2103118 Asemi
CS821e3121 Asemi
css2"otog Aseni
CS82tlOtll Aserai
CS8211e202 Asepti
CSe2110302 Asemi
CSS3051105 Asemi

+++++++++++++++++++++++++++++•+ ++++++++ •+ ++•+ +++++++++++++++ +• ++
no th;n section,

++++•+ + +• +
++++++++++++++++++++•+ ++++++++ +•+ +
+ +• +++++++ + + +++++++++

+
+
+
+
+
+
+•

+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+

+,

+

+

+
+

+
+

+
+
+
+
+
+
+
+
+

++ ++++ Aln + ++++ + ++++++ ++++ + ++++ + ++++ Aln + + +-+++++++++ Aln ++ + +•+ + ++++ Atn ++++++ + ++++ +' ++++ Aln + ++++ Mn,Stp + ++++ Atn
+++++++++++++ +, +••

++++++++++++++++ +++• ++

+++++ Atn + ++ ++++ +++++++++ Aln ++++ AIn   + + Aln + + + +• Zrn
 ++ +• + ++++   ++ ++++ Atn + ++ Aln +++++++++ Aln
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Table 1. Garnet zone pelitic schists (continued.)

Sample No. Locality Otz Pl Ms Cht Grt Bt Hbl Ep Cat Spn Rt Tur Ap CM Ores others

CS830512el Asemi + + + + +
cS8305t206 Asemi + + + + +
cSS3"512eS Asemi + + + + +
cSS406o3ol Asemi + + + + +
cS83102Te3 Tachi + + + + +
cS83t02706 Tachi + + + + +
C$83102802 Tachi + + + + +
cse31o2gos Tachi + + + + +
csS31e3oe2 Techi + + + + +
csB3103004 Tachi + + + + +
cs84052504 Tachi + + + + +
C$e4053001 Setuta + + + + +
CS84053003 Saruta + + + + +
CS84e53e07 Saruta + + + +
CS84053013 Seruta + + + + +
eSS4060102 Sarute + + + +
CSe4060206 Sarvta + + + + +

+ + +++++ + •+ ++++++?++++  + ++++ +++ ++ ++ +++++++ + ++  + + -+ +++ + +++++ + +++++ + +++++ + + ++•++ +++++ +++++ + ++++++ +•++ + ++++

Aln
Aln

A1'n

Aln

• Albite-biotite zone pelitic sehists

Semple No. Locatity atz Pl Ms Chl Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others

TH75042206 Seki + + + + + + + + + + + + + + +
THT5042216 Seki ++ + + + + + + + + +TH75042221 Seki +++++ ++++ ++++TH75042410 Kekurye + + + + + + + + + + + + +
THT5042414 Kokuryo + + + + + + + + + + + +
THT5042415 Kokuryo + + + + + + + + + + + +
TH75042423 Kekurve + + + + + + + + + + +THT5042429 Kokuryo + + + + +' + + + + + + Atn
TH80052202 Kokuryo + + + + + + + + + + +
TH7504280T Tokonabe + + + + + + + + + + + + +

Teble 1. Albite-biotite zone pelitic schists (continued)

Sample No. Locelity ati Pt Ms Chl Grt Bt Hbl Ep Cel Spn Rt Tur Ap CM Ores others

THT5042834 Tek"nabe + + + + + + + + + + + + +
TH75043020 Tekonebe + + + + + + + + + + + + +
THT505012e Tokenabe + + + + + + + + + + + + Atn
THTTe5280T Tokonabe + + + + + + + + + + + +
THTT052TIO Hiute + + + + + + + + + + + + +TH7T052T13 Hiura + + + + + + + + + + + + + AIn'THT7052716 Hiura + + + + + + + + + +' + + + +
T"TT05271T Hiura + + + + + + + + + + + + + +
TH761104el Mishlma + + + + + + + + + + + + +
TH76110409 Mishima + + + + + + + + + + + +THTIe81e02 Asemi ++ + + + + + + + + + +TH710SIO03 Asemi + + + + + + + + + + + +THTIOSIIe2 Asemi + + + + + + + + + + + + + + Aln
THTI081103 Asemi + + + + + + + + + + + + AlnTH7t081104 Asemi + + + + + + + + + + + + Aln
THTI08110T Asemi + + + + + + + + + + + + +
THTI081108 Asemi + + + + + + + + + + + + + +
THTt081109 Asemi ++ + + + + + + + + + +THTI08tltO Asemi + + + + + + + + + + + + +THTI081111 Asemi + + + + + + + + + + + + + AIn
TH7fee1404 Asemi + + + + + + + + + + + + + + + Aln
THTI081405 Asemi + + + + + + + + + + + + + + Aln
THTI0814"8 Asemi + + + + + +- + + + + + + + + AIn
THTt081416 Asemi + + + + + + + + + + + + + + AIn
THTIOB1418 Asemi + + + + + + + + + + + +cse2t0280t Asemi + + + + + + + + + + + +cs82102802 Asemi + + + + + + + + + + + + +cs82102803 Asemi +++++ + + ++++CS821028e5 Asemi + + + + + + + + + + +CS8210280T Aseml + + + + + + + + ? + + + +csS2t02809 Asemi ++ + ++ + + + + + +
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Table L Mbite-biotlte zorie pelltic sehists <eofitlfi"ed.>

Sample No. Locality atz Pt Ms Cht Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM Ores others

CS82102S14 Asemi + + + + + + + + + + + + Aln
CSs21e281T Asemi + + + +
CSe21029"1 Aseni + + + +
CSs2t02903 Asemi +. + + +
CSe2102906 Asemi + + + +
css21e2geg Asemi + + + +
CSS21029t2 Asemi + + + +
CSS2t02914 Asemi + + + +
CSS2102919 Asemi + + + +
CS82102922 Asemi + + + +
Css2103003 Asemi +' + + +
css3ese4o3 Asemi + + + +
CSS3e5040T Asemi + + + +
CSs305041e Asemi + + + +
CS83050412 Aseni + + + +
CSs3050413 Asemi + + + +
css3eseBol Aserni + + + +
CS8305e802 Asemi + + + +
CS8305tle4 Aserni + + + +
css4os26o3 Aseni + + + +
CSs3102TOI Tachi + + + +
CSS3102702 rechi + + + +
CS831e2705 Tach; + + + +
css31o2so3 Techi + + + +
css31o2so4 Tachi + + + +
CS83102805 Tachi + + + +
css31o2so6 Tachi + + + +
css3te2ge2 Techi + + + +
css4os24ot Techi + + + +

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

?

+
+

+

+

 + ++ + + ++ ++ ++ + ++ ++ ++.+

+

+

+

+

+

+-
+

+

+

+

+

•+
+

+

•+

+
+

+

+

+

+

+

 + ++++++ ++++ + + ++ Lws(?) + ++++++ •+ +++++ +++ + ++++ +? +++ Aln + +++ + ++++++ ++++++ + ++++ ++++++ ++++++ ++++ ++ ++ +?++++ + ++ +•+ +• +++•++ ++++ ++++++ Aln++++ ++++ + ++++++ ++ Stp+ ++ +++++++++  +++++ +++ ++
Table 1(continued.). Oligeclase-hiotite ione pelitlc schists

Sample Ne; Locelity atz Pl Ms Cht Grt Bt Hbl Ep Cal Spn Rt Tur Ap CM bres others

THT5042404 Kekurye + + + + + + + + + + + + Aln
THT5042505 Kekuryo + + + + + + + + + + + + +
THaO052705 Seki + + + + + + + + + + + + +THBO052712 Seki + + + + + + + + + + + + + + + Del
TH80052719 Seki + + + + + + + + + + + + + + +
THSee72303 Hiure + + + + + + + + + + + + +TH8e07230T HIura + + + + + + + + + + + + +
THTI081303 Asemi ,+ + + + + + + + + + + + + +
THIIOS1306 Asemi + + + + + + + + + + + + + + +
TH71081311 Asemi + + + + + + + + + + + + + + +
THTIe81315 Asemi + + + + + + + + + -+ + + + +
THII081422 Asemi + + + + + + + + + + + + + + Aln
CSB30s0807 Asemi + + + + + + + + + + + + +CS83050901 Asemi ++++++ + + +++CS83e5090T Aserni + + + + + + + + + + + + +
css3osogos Asemi + + + + + + + + + + + + + + +css3osogog Asemi +++++++ +++ ++css3osloo6 Asemj + + + + + + + + + + + + + +
CS83051401 Asemi + + + + + + + + + + + + +
CSs30514"2 Aseni + + + + + + + + + + + + + + +
CSS3103104 Asemi + + + + + + + + + + + + + +AG12-1 Asemi ++++++++ ++++++css31o2so7 Tachi + + + + + + + + + + + + + + +
CS83102903 Tachi + + + + + + + + + + + + + + +
CS831029e4 Tachl + + + + + + + + + + + + + +
Pe litic schist clests in conglomer' ate from the Kvme Greup
Sample No. Otz Pl Ms Chl Grt Bt Hbl Ep Cet Spn Rt Tur Ap CM Ores others

K-Ls +++++ + +++++ ZrnflSg96• ++++ + + + ++ +K-1 +++ +++++ + +Del
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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 GoTo and TATsuMi (1991, 1992). The loss of ignition of

samples was also measured gravimetrically. In the following tables, total iron is repre-

sented as Fe203. '' ' •             '   , Table 2 lists XRF major and trace element compositions ofpelitic 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 o ofstandard 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 O.422Å}O.031 (1o) (Figure 3), K!Rb weight ratio of211Å}15 (Fi-

gure 4), and KIBa weight ratio of52.3Å}6.5 (Figure 5), being characteristic of the Sanba-

                                 '                               '                                              'gawa pelitic schist geochemically.

                              Acknowledgements
     '                                                '    We would Iike to thank Professor Shohei BANNo for his encouragement. One of us
(A.G.) acknowledges Dr. Yoshiyuki TATsuMi, whom he jointly improved an X-ray fluores-

 Table 2. XRF major and trace element analyses of Sanbagawa pelitic schists.

          -- --------- Chlorlte 2one pelitic schist - -
 Sample TH1604 THT604 TH7604 THT604 THT604 THT604 TH7604 TIT604 TIT604 TIT604 TH7r05 THTT05 THTT05 Hl180S H17805 HIT805

Ne.
cwt. x)

siq
T102
All03
Fe20s#
MnO
MgO
Cao
Ne20
K20
P20s
LOI'

Tetel
(ppm)

Rb
Sr
Y
Zr
Nb
Ba
Th
Pb
Ni

nv-vtlue
Mt-rttle
K/Hb
KIBe

Fe203# =
mg-va1ue;
Mn--retio;
KIRb and

 2501 2Sl" 2515 2521 2524 2526

61. 8S T3. 21 10. 82 T4. 21 13. 34 T3. 30
 O. 58 P. 40 O. 50 O. 3T O, 43 O. 38
15.21 13. S6 14.13 13.42 13.Tl 13. 09
4. 9S 3. 18 4. 43 3. 15 2, S9 2. 62

 o: 2o o. oT o. 12 o. os o, o3 e. o4
 1. T7 LOe L 65 O. 93 O, S2 e. T6
O, 46" e. IT* O. 22* e. 15- O, 54 Ze4

 2. 3r 3. 11 3. 20 3. 2T 2. 9T 3. 2T
3. 41 2. 5r 2. 29 2. 5T 3. 19 2. 4S

 o.11 o. os* o. og" e. oT* e.eg* o, og*
 1. 83 1. 79 1. 95 1. 66 1. 3T 1, 13
9S. 80 99. 52 99. 4e 99. 8S 99. 18 99, 18

129 105 93.e l05 111 S4.1
49.S 40.0 50.9 32.3 14T 29e

 23.S 18.9 17.8 22.2 IT.2 16.0
142 14e 133 144 162 142
 tO.2 8.T 8.9 S.3 7.9 •6.0
480 43T 375 4T5 491. 454
 12.1 ILO tLS 12.2 SL4 S.2
 18.6 12.3 t6.3 2S.S 18.6 15.5
 20. e* T. 2- te. 4- 6. T" Ll-' 1. 9-

O. 4t3 O. 402 O. 425 O. 369 O. 3T6 O. 365
 2. 5S 1. 46 L T2 1. 17 O.T8 1. 0e
219 203 203 2e4 22T 243
 59.0 4e.9 50.1 44.9 53.3 44.9
total iren as Fe203. LOI: less of igriltion

me1sr MgOl (MgO+FeO)
 percent meler MnOl (MgO+FeO+MnO)
KIBe; weight retios

2529

T21 so

O. 46

l3. 0S
3. 05

o. ofi

O. 80

 1, 54
4. 12

1. 94

o, os-
 t. 35

99, 2S

T2. 6

198
 16. 6
1T5

 6.3
350
 S. 9
 16. 0
 e. 2-

O. 342
 1. 44

222
4G. 1

2S04

6S. 56
O. 53

14. 66

4. 43

O. 11

t. 58

O. 9T
2. 55

3. 32
O. 11

2. 80

99. 62

130
SS. 9
22. 6

15e
 9. 2
5T7

t2. 8

21.3
16. 0t

O,414
t. 61

213
4T. T

2510

6T. 83

O. 54

13. 92

4. 40

O. 04

1.48
O. 23*
O. 60

4. 53

O. TO*
5. 58.

99. 25

160
35. 4

25. T

ITI
10. 1

T13
13. 2

20. 4

 14. 1*

o. 4eo
e. 61

235
52. r

 2516

T4. 41

 O. 39
13. 35

 3. 10
 O. 04
 1. e2
 O. 10*
 3. 09
 2. 31
 o: os*
 2. 16
tOO. T1

 9L9
;;ig

i5 g. ,

3?1."

 291 :"

O'e.3 :;

2:l. T

260S

12. 05

O. 42

14. 22
3. 6e

O. 06

 t. 12
O. 20s
2. S5

3. IT

 O. 08*
 1. 8T

99. 64

135
 22. 0
 17.9
143
 S. 6
4S6
 13. 1

 21.2
 6. 2*

O. 3Sl

 L15
196
 54. 1

2e14

66. 69
O. 59

15. 98
5. 01

O. T5

L81
O. 65
2. 30
3. 36'

O. 12
2. T9

99. 45

135
T8. 4
22. 9

152
1O.4

545
13. 2

 17.3
 14. 8*

O. 4tT
 1. 93
206
5L1

2611

61. 09
O. 4T

16. 79
3. 97

O. 1O
1:48
O. 68
3. 0T

3. 90

O. 10-
2. 21

99. 86

148
98. 4
26. 0

164
 S.8
564
 14. 1
 12. 7

 9. 6"

O. 425
 1.60
218

ST. 4

 2901

73. oe

 o. 3e
13. 32

 Z 90
 O. 05
 O. 9T
 1. 31
 3, 20
 2. 82
 o. os*
 1. 90
100. 00

101 ,
142

 le. 5
134

  6. 5
52G

  S. 2
 18.3
  4. 4*.

0. 399

 1,15
232

 44. 5

2909

69. 33
O. 53

15. 00
4. 3r

O. 09

1. 42

e. 62
2. 51

3. 30

e. og*
2. 02

99. 28

133
T6. 4
25. 5

146
 1O. 5

511
 14. 1

 15. 9
 14. 6*

O. 392

 1. 39
206

53.0•

2911

6S. 08
O. 56

16. t4
4. 29

O. 09

1. 52

O. tl*•
3. 13

3. 13
O. 11

2. Tl

99. 8T

131
44.6
t8.9

168
1O. S

551
lt,T

 ILI
 g. 6-

O. 412
 1. 37

198

4L2
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Table 2 {continued.}

Stmple
No.•

(wt. X)'

Si02
TiQ
A120s
FelOs#
MnO ..

Mge
caO
Ns20
K20
P205
LOI

TeteS
(ppm)

Rb
Sr
Y
Zr
Nb
Ba
-Th

Pb
Nl

ntrvelue
th-ratio
KIRb
K/Be

HITSe5 HK690S HK6908
  2922 16e2 t60T

HK690S
  1609

66. 12 TL 8e 71. 33
 O. 60 O. 45 O. 46
1-T. 2S 14. 25 14. 9S..
 4. 20. 3. TS 3. 93
 O. 09 O. 05 O. lt
 1.3S. L29 1.60
 O. 32* O. OT* O. 10*
 3. 32 2. 92 1. 09
 3. 43 . .2.. 75 .4. 09

 e." o. os* o. es*
 2. 65 2, 34 2. 33
99. 45 99. 86 lee. 10

13e 111'
104 34. T
 20.3 9.3
      136155
        9.6' IL2
567 2g4
 1fi.4-- 13.'S

 18.6 tS.1
  8. 0" O. 6*

O. 391 O. 403
 1. 45 O. 8e
209 206
 50.3 5T.9

TH8108 THBI08
  1105 1111

TO. 32
 O. 51

14. 41

 4. 54
 e. os

 1. 4S
 O. 13-
 3. 24
 2. 35
 O. 11
 2. 30.

99. 41

155
 22. 9*
 14L 8'

142
 lb. 2

696
•• 15:T--
 t2. I .

 16. 4*

O. 44S

 LTI
219
 48. S

Chlorite

cse3es
  0605

7L 15 64. 8T
 O. 4T O. 60
 t4. 31 17. 25
 3. 6S 5. 27
 O. 05 O. 11
 O. 95 1. 62
 O. 25* O. 56
 3. 75 2. 98
 2. 35 3. 65
 O. 09* O. 10*
 .3.. .0 3. 3. .. OO.

Ioo. t4 lee. ol

 99. 0 •

 5L6
 1Sl '6

lg8
  9. 6.
416'

 •t•2:•S-1

 11.T
 10. 5*

O. 392

 L19
19T
 46. 9

 91.1 142
 46.3 11.9
 25.9 .ILT
135 166
 1e. o       '1'O. .2

S40 fi4t
 13.-5•--14•;•6•

 30. 1 22. 1
  8. e" 12. 6*

e. 338 O. 31S
 1. 00 1. 44
214 214
 57.4 41.3

6T.

15.

99.

  28
O. 5S

  OT
4. 95

O. 09

1. 8T

t. 4S

2. T4.

2. 63

O. 12
2. 95
 ' T4

zone

CS8305
  OT03

le3
143
 t'8:5

t3T
  8. 9

438
 le;8•
 23. 0

.19.1"

69. 02

 O. 4S
15. 26

3. og

O. 05

 1. 25

 z oo
 4. 85

 1. T6
 O. 12

 1. 99

99. 8T

pe1itic

CSS305
  OT05

 68. 2

26e
 15.5'
18T
  6.S•
361
 •'S, 3

 IL5
  9.8*

O. 428 O. 445
 L16 1. CO
212 214
 49.8 40.4

6Z 65
 O. 46
16. 55

3.

o.

1.

L
5.

L
o.

L
99.

04
05
22
63
S2
61

schists------"--------

CSS305
  OI06

1O*
6t

44

6Z 2
182
 15. 2

111
 6. 1
334

 8.6
 20. 2

 T.

69. 41
 e. 59
15. 5S

4.

o.

1.

o.

2.

2.

o.

2.

loe.

CS8305 CSS305 CS8305 CS8405
  tlOl ISOI 2002 2901

59
ee
80
3S-
S5
se
12

43

4T

10T
 4S. 1

 19:4
150

 9.1
415

 IZ5
 18.5

1* 20.4*

O. 443
 t. 02

!I5
40. 0

O. 43T
 1. e9

199

 5L6

69. 29
 O. 55
14. 60
 4. ?1

 e. t7

 L81
 e. se
 2. T3
 2. T6
 O. 10*
 2. 48

99. TO

114
 55.
 23.
138

  9.
'541
 1'3.

 15.

5

1

T

2

8

15. 0*

O. 432
 2. 25

202
 42. 3

69. 98
 e. 56
14. 31

4. eT

 O. 15
 1. Tl

 O. 43"

 Z15
 2. 82
 o. to*
 2. T8

99. 72

121
 63. 5

 IL1
120
  9. 1

4g4
 12.1
 ILO
 11. 6*

O.420
 2. 05

194
 41.4

64. 3S 59. 63
 O. 63 O. 15
16. 20 IS. 41
 6. 91 T. eO
 O. 28 O. 30
 2. 34 2. 96
 e. 37* e. 6s
 2. T5 2. 41
 2. 59 3. 43
 O. !O* O. 11
 2. 91 3. 15
99. 52 9e. 61

109
 53. 5
 IS. 4

124
  9. 1

320
 13. 3
 34. 1*-
 29. 9-

O. 401

 2. S6

198
 6T. 2

135
 52. 4•

 21.5
14T
 1O. 9

538
 t5. 8
 21.3

CS8405
  2903

 40. 6-

e. 429
 2. 41

211
 53. 0

62. 2t

 e. 69
16. 91

 6,16
 O. 21

 2. 23
 1. 32

 L81
 3. 13

 O. 14
 3. 60

99. 01

153
113
 1e. s

t36
 10. 1

623
 12.4
 10.8

CS8405
  2904

 29. 2-

o."e
 2. 19

2e3
 49. T

69. 91

 O. 59
t4. 22
 4. T3
 o. to

 t. 5T
 O. 50
 3. 53
 1. 84
 O. 12
 2. 22

99. 33

 T6. T

.6S.O
 IT. 3

137
 9.5
2S6
 IL5
 20. 3

 13. 3*

O. 39T

 1.42
199
 53. 4

Tabte

Sample
Ne.

 (wt. %)

siQ
Ti02
A1203
Fe!Os#
MnO
MgO
cao
Na20
K20
PIOs
LOt

'Tbtil
 {Ppm)

Hb
Sr
Y
Zr
Nb
Ba
Th
Pb
Ni

2 (centinued.)

  Chlorite tone

nv-vtlue
kh-rttio
KIRb
KIBa

css4os css4es
  2906 2901

pe1ite

CS8405
  2505

TH75e4
  210T

61.04 64. 81 69. 35
 O. T6 O. 66 O. 5T
IS. 23 IS. T4 i5. 24

 6. 49 5. 43 4. 16
.. O. 14 O. 10              O. 13
         ''02              1. 76 2. 31 ''       '2.
 or 6'2 O. '79 O. 32-
 2, .52 .2t.S. 5 .. .1..OS ..

       3. 34              2. 84 3. 59
 O. T4 O. t6 Oi 15
 3I 31 2. 51 2. 2S'
19'g:'1'5 "99:'2'1' '99':'4'S"

138
 14. 9
 24. 2
116.

 12. 4
543
 15. 1
 22. 5
 24. 4*

O. 414
 1. 40
215
 54. 9

t25
 8T. 4

 22.S
IT5
 11.0
521
 13. 4
 20. 1

 20. 1*

THT504 THT504
  21f2 2115

IL 03 TL 69 66. 91
 O. 51 O. 35 O. 5S
14. 04 15.49 15..34

 3. 65 2. 4T 5. 21
 O. 13 . 0. 08 O. 31
 1.35 LOI               30              2:
 O. 53       O: 44*''O. 66'
 2. .43 ..a. .98. 1. 13
 2. '89       2.68•              3. 84'
 o. 'l e* o: ol*' o. 11

'2:'16' 1:46' ''21'40'
'gS' J8'2'' '9. 9L'72 "98: 9'1'

115
 T4. 8
 5e. 3**
142
 1O. O
44S
 •13.1
 17. 8
  5. 3*

O. 424 O. 423
 1. le t; T4
221 20G
 53.2 52.T

118
t02
 19. 1

13S
  9.1
432
 12.1
 16. T

  T. O-

O, 423•

 2. 26

203
 55.5

110
133
 26.
•ISO•
 TO. 2
502
 t6.
 3e.
  t'

8**

2

1•

8*

O. 448
 1:9T
203
 44. 3

THT504.
  2121

142
 73. 4
 22. 8
•13S
 10. 3
6S5
 13.9
 55. 8**
 25. 6-

O. 464

 4. 01
224

 46. 5

Garnet

TH7504
  2124

72. 56 69. 42
 O. 3T O. 5S
14. 65 14. 4T
 2. 4S 4. 52
 O. 05 O. t8
 O. 93 L93
 O. 56 O. 53
.3. .4.5 .1. 24

 Z 73       3. 50
 o. es* o. lo*
 1.''64''' ' Z 82 '

99.4T 99.29

110
135
 22. 6
151
  8.4
445
 12.S
 15.3

144
 80. 0

 1S.4
123
 10. 0'

53e
 13. 8
 i6. 3

zone

TH1504
 2i2S

9. 9* t7.3*

O. 426 O. 45B
 L29 2.3T
201 202
 51,O 54.0

70. 39

 o. 4e
13. 65

 4. 19
 O. 06
 1. 66
 O. 94
 .2. 65

 2. 21
 O. 13
 2. 20
'99. 1S

91` 5

ltO
21.e

128

 zs
396
 9. 9
 15. 2

 pelitic

THr504 TH7504
  2t32 2134

13, 6*

O. 401
 O. S3

200
46. 4

69. 65
 O. 31

IZ OT
 2. TO
 e. o3
 O. 90
 O; 05*'
.3.54

 3. 4e
 O. 05*
 2.'05

99. T5

136
 6T.•6
 36. S*-
143
 g. s
564
 15.0
 17.8
 1O. 9*

schists

TH1504 THT504 THT5e4
  2136 22I2 2510

TO. 63 66. 31
 O. 50 O. 64
14. 98 16. S5
 3. 43 4. 30
 o. ol e. os
 1.50 L66
 O. 21* 1. 19
 2. .1.1 2. 16
 3. 4T 3. 56
 O. 10* O. t3
 2. 49 2. 83
99. 49 99. 51

t36
 55. 6

 19.8
12e
  8. 8

S05
 t3. 5
 t5. 5

4. 6*

136
199
 28. "*
165
 1O. 6
602
 14. 4
 19.T.
 10. 8*

O, 398 O. 464 O. 433
 O. T5 L 22 t. IT
20T .211 21T
 50. 0 51. 0 49. 1

66. 2e
 O. 64

IS. 51

 5. 08
 o. es
 2. 02
 O. 58
 1. 40
 4. 25
 O. 13
 2. 64

9S. 61

144
 3S. 3
 t9. 9

138
 io. o

541

 IL4
 9. 4
 1T. 9-

O. 4"
 O. 9S

245
 64. 5

6S.

 o.

15.

 5.

 o.

 1.

 o.

 L
 3.

 o.
 2.

100.

T6
56
IT
16
23
10
50
S4
37
12
ge

31

THT504
  2515

131
 99:1
 26. 2""
162
 1O.8
513
 13. 1
 19. T

 11. 0*

O. 395

 2. 95

204
 54. 5

67. 39

 O. 61

15.11
5.16
O. 21

Z03
1.30
2. 06

3. 24

e. 12

2.1T

TH16e4
  2504

65. 89

 O. 63
16. e6

5.

o.

t
o.

2.

3.

o.

2.

99.40 99.

128
128
 22. T

140
 9. T
4T9
 13. 1

 21.6
 26. 9*

O, 438
 2. 51

210
 56. 1

lt

11

85
S3
S2
26
13

T6

95

125
152
 U.5
15S
  9. 6
481
 13. 0

 IL1
  6. 2*

O. 41S
 1. 39 '

211
 56.3
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Tabte

Samp1e
Ne.
(wt. X}

siq
Tleq
At203
Fe203#
MnO
MgO
cto
Nt20
K20
P20s
LO1

Total
Cppm}

Hb
Sr
Y
Zr
Nb
Ba
Th'

Pb
Ni

2 (continued.)

-Garnet

TH7r05 THT705 TH7T05 TH7504 TH7611 THT611 THT611
  2701 2704 210S 1906 0404 0413 0415

nv-vaiue
-1-ratio
K/Rb
K/Be

n. d. = not

6g. o7

 e. 54
t3. 29
 4. T5
 O. 1fi

 2. 99
 1. 23
 1. S5
 2. Tl

 O. 1l

 2. 53

99.23

110
10T
 20. 0
131
  9.3
429
 1O. 3

 25. S
 50. 0

e. 555

 1. 66

  204
 52. 4

63. 55 68. 02
 O. 69 e. 59
IT. 60 15, 31
 5. 89
 O. 29

 Z12
 O. 62
 3. 44
 3. 08
 O. 11

 2. 5S

99. 9T

125
133
 31.6-*
163
 12. 4

468
 15. S
 14. 0
 25.5-

O. 416
 3. 13
  204
 54. 6

determined.

5. 13

e. 2o

1. 93

O. 62

2. 38

3. 12

O. 12

2. eT

99. 49

126
 72. 5

 21.2
t45
 tO. 9
4S3
 13. 5

 15.0
 23. 8*

O. 42T
 2. 45

  206
 53. 6

66. 84 6&39
 e. sr o. s4
16. 32 14. T8
 4. 56 4. 45
 O. 13 O. 12
 1. 5t 1. 59
 O. 24" . 1. 47

 2.• 69 2. 22
 3. 2T 3. 24
 O." O.11
 3. 5T 2. e2
99. 81 9S.93

n. d.

n. d.

n. d.

'n. d.

n. d.

n. d.

n. d.

n. d.

n. d.

O. 396
 t. 90

'125

102
 23,t
14e

  9, 8
4Te
 13,1
 2L6
 15. 5*

O.,414

 1.T5
  21S
 5Z2

70. S9

 O. 59
14. 96

3. 10

O. 05

1. 35
1. 06

e. 85

4. 26

e. ol-

Z38
99. 56

161
IT7
 20. 0

128
 1O.6
IT8
 12,6
 14. 3

  3. 4*

O. 463
 O. 9T

  220
 45. 5

65.79
 O. 6t

1L44

zone petitic

THIfi11 THT611
  0417 0420

4. 73

o. es

1.58
O. 20*

2.58
3. 91

e. 16

2. Tl

99.T9

150
 6S. 9
.24.4
165
  9, 5

S6T
 17.2
 IZ1
  4. 2*

O. 39S

 1.t3
  216
 48. 7

 70. 26

 O. 55
 16. 1S

 2. 67
 e. o2
 1.22
 O.10*
 t. 88
 4. 19
 e.ee*
 3.43
10e.59

16S

 5L7
  5, O*
135
 1O.8
639
 15.9
 14. 3

  o. o*

e. 415

 O. 44.

  21t
 54. 4

schists-""-'

68. 51

 O. 64
15. 31

 4. 19
 O. 1t

 1. 96

 O.IT*
 1.GO
 3. 62

 ".09-
 2. 81

99. 61

145
 49, 5

  7, O*
12T
 10. 1

5TO
 ".•5
 19. 3

  7. 0*

O. 448

 1.41
  207
 52. T

TH710T
  2702

14. 32
 O. 40
13. 60

 2. 84
 O. 06
 1.11
 O. 51

 3. 16
 2. 5T

TH7tOT
  2T14

 e. es*
  1. 46

100. 11

t04
109
 18. 4
131
  6. 8
426
 1O. 3
 14. 6
  4, 5*

O. 436
 t. 32
  206
 50. 1

6L 28
 O. 60
16. 02

5. 06

O. 19

1. 94

O. 54

2. 01

3. 53
e.

2. 20
1""

THI,10T
  2T21

69. 81

 O. 59
14. 82

9e.41 99.

144
112
 22. e
13T
 10. 3

519
 14. 1

 t9. 2

 IL

O. 432
 2. 35

  203
 50. 6

1"

4. 39

O. OT

t. TT

O. 40*
2. 55

2. 90

". 09*
2. 34

  T3

118
 77. 0
 20. S

146
  9, 3
461
 13. 2
 12. 6

 IS.

0. 444

 O. 99

  204
 52. 3

o*

TH710S
  0201

TL le'
 O. 50

IS. Ol

 3. 61

 O. 09

 1.41
 O. 40*
 2. 74
 2. 83

 e. eg-
 1. 68

99. 46

123
 9T. 1

 16. 0
131
  9. 3
43T
 12. 1

 22. 8

 IL 1*

O. 436

 L56
  192
 53. 7

THrl08
  100t

r3. 73

 O. 49
13. 16

 3. ST
 O. 12

 1.51
 O. 64
 2. 24
 2. 67

 e. eg*
  1.6S
1OO. 20

112
109 '
 18. 3

t15
  8.6
448
 IL8
 20.1
  T. O*

O. 436

 1. 93

  199
 49. 5

TH7t08
  1004

12. 21

 O. 55

13. 48

4, 9e

O. 1T

1. Tl

O. T2

2. 06

2. 61

"-•

t. 37

1O-

THTIOS
  leos

14. 01

 O. 41

13. 8T

.99. 96 99.

112
 73. 0
 19. 3

139
  9:5
4Tl

 IL2
 ILO
 24. 4"

O. 405
 2. 24

  194,
 46. e

2. T8

O. 05

O. 98

O. 59

3. 96

2. 12

D. Ol*

L15
  99

 S8. 5

118

 IZ6
132
  Ll
393
 10. T
 12. T

  T. 5*

O. 411

 L18
  199
 44. T

Table

SampIe
No.
(wt. X)

siQ
Tioj
A120s
Fei03#
MnO
MgO
ceo
NalO
X20
P20s
LOI

Total
tppm)

Rb
Sr
Y
Zr
Nb
Be
Th
Pb
Ni

2 (continued.)

nvvt1ee
-h-retio
K/Rb
K/Ba

Garnet

TH7211 THT211 THT211 TH1211 CS821e CS821e CSe210
  2936 3005 3014 3026 2602 2604 2606

74.64 7T.48
 O. 35 O. 31
14. 12 12. 01
 2. 14 1. 99
 O. 05 O. 06
 O. 81 O. 63
 O. 42- O. T2
 2. 6T 3. 28
 3. 34 2. 24
 o. el* o. o6*
 1. 01 1. 23
99. 68 100. 0i

130
 93. e
 22. 3

14T
  7. 6

e91
 13. 0
 1S. S

  6. 4*

O. 429
 1.48
213
'40. 2

n. d.

n. d.

n. d.

n. d.

n. d.

n. d.

n. d.

n. d.

n. d.

O. 385
 2. 04

72. 89

 O. 53
13. T4

 3. 43
 O. 06
 1. 22
 e. T3
 3. 69
 2. 09

TO. 65 T3. 39
 o. 4g e. 4s
1• 5. t8 13. 81

3.T5•
o. os

1. 43

O. 63
3. T4

2. 42

3. 12
e. o6

1. 04

e. T3

3. 51

2. 36

 O. 09t O. 10" O. OS*
 1. 35 L 2T 1. 44
99. 82 99. Tl 100.00

 S5. 3
121
 16. 4

156
  7. 5

394
  9. 5
 12. 9
 12. 1*

O.413
 t.14
203
 44. 1

 98. 2

U2
 1T. 4

133
  T.5
436
  9. 6
 14. 2

 95,9
121
 20. S

140
  8. 6

415
 1O.1
 13.5

 10.9* 10.4*

e. 43e O. 398
 O. 85 1. 29
205 204
 46.1 4L2

68. 82

 O. 59
 t6. 2D

 4.83
 o. ts
 1. T9
 O. 59
 2. 29
 3. 29
 O. 12
 1. 96
100. 66

139
lel
 24.2
155
 10.3
563
 14.9
 18,2
 15.

0. 423
 2, 36

197
 48. 6

70. 06
 O. 55
14. 63

99.

4. 6S

O. 22

1. 66

O. 62

2. 2T

2. 92

O. 11

2. 04

  16

123
 93, O
 24. 4
136
 1O,2
444
 12. 6

 21.1

zone peHtic

CS8210 CS8210
  2701 . 2708

1* 14. S*

  O. 413
   3. et
  t91
   54. 6

TL Be
 O.54
". 31

4. 51

a2o
1.78
O. 68

1. 66

3. 19

O.10*
1. 66

schlsts

68. 22

 e. 58
IS. 43
 5. 3t

 O. 23
 2.•03
 O. 8T
 2. 02
 3. 32
 O. 12

 2. 09

1OO. 49 1OO. 22

134
 10. 6

 17,6
130'
  9. 6

469
 12. T

 IZ2
 tZ T*

O. 436
 2. Tl

198
.56. 5

131
121
 19. 9

134
 9. 0
619
 15. 0
 13. 9
 11.

0. 431

 2. 10

210
 44. 5

3-

CS82tO
  2109

TO. 66
 O. 53
14.14

100.

4. 31

O. 19
1. 69

O. 50

2. 29
3. 04
o.

2. 14

  19

10*

CSS2tO
  3106

124
 86. 9
 21. T
13r
  9. 5
461
 12.9
 22. 3
 15. T"

O. 431

 2. T2

204
 54. T

12. 21

 O. 39

12.48
3. 33

e. 16

1.20
2. 23

2. 2T

2. 82

O. 12

2. 2T

99. 48

103
139
 IT.1
101
  T. O
431
  9. T
 t8. 2

CS8210
  3t08

69. Tl

 O. 52
14. 43

4. T8
O. 2T
1. 88

1. e6

1. 8g
2. 8•1

e. 13
2. 72

CS8210
  3118

62. 63
 O. 74

tL36

.100. 20 99.

  8. 3*

D. 417

 3. 06
22T
 54. 3

121
129
 20. 2
114
  9. 3-

354
 11.3
 26. 2
 20. 6-

O. 43S
 3. 45
193
 65. 9

6. 25

O. 12
2. 61

L19
2. 58

3. 10
e. 15
2. S3

  56

121
21e
 21. 6
145
 10. 1

501
 13. 3
 14. 4

  L T*

O. 453
 1. IT
212
 51.4

CS821O
  3121

14. 94
 O. 30
13. 55

2. 46

O. 05

e. 64

O. 59

4. 3e

1. 84

100.

O. Ol-
1. 31

  11

 ILO
174 •
 19. 1
141
  6. 9
383
 12.9
 10. 7

CS8211
  OI09.

67. 53
 O. 53

IS. Sl

5. 51

O. 35

2. e2

O. 77

2. 04

3. 21

o.

2. 09
1O*

99. 96

  O.2-•

O. 340

 1.49
215
 39. 9

134
 93. 0
 23. 9

124
  9. 4

512
 15. 1

 1O. 7

CSS211
  elll

 25. 3"

O. 421

 3. 9e

200
 52. 0

66. 84

 e. 55
14. 62•

 4. 74
 O. 23
 1. 84
 2. 83
 2. 88
 2. 23
 O. 12

 3. 16

1OO. 04

 89. 6

195
 18. 6
123
  8. 9

33T
 11.5
 3T. T**
 21.•O*

O. 435

 2. 99
20T
 55. 0



XRFAnalyses of Sanbagawa Pelitic Schists l3

Table

Sample
No.
 cwt. s}

sieq
Ti02
All03
Fe20s#
MnO
MgO
Cao
Na20
K20
PIOs
Lel

•Tetel•
 (ppm)

Rb
Sr
Y
Zr
Nb
Bt
Th
Pb
Ni

2 (continued.}

ewtlue
Ih-ratio
KfHb
KIBt

CSB211 CS8211
  e2e2 e3e2

68. Sl

 O. 5S
 15. 30

 4. S6
 O. 22
  1. 13
 O. 66
 2. 24
 3. t6
 O. 11
 2. 51
100.18.

128
'132
 .22..S.
141
 1O.4'
479
 t3. g
 12.4
 14. 1*

e. 414
 2. 90
206•
 54. S

64.

 o.

15.

5.

o.

x
L
2.

3.

o.

3.

99.

55
66
9T
40
21

24
24
33
22
t2
38

32.

131
142
•21..3

II8
 1O. 3
485
 13. r
  S. 7
 2S.

0. 451

 2. 35

205
 55. 1

o-

CS8305
  t105

70. 31

 O. 51

14.29
4. 69

e. 2o

LTI
O. 99

1.2S
3. 22

e. tl

2. 66

CSS305
  t20t

68. 00
 O. 55
15. 05

99. 97 99.

133

"o
.20. 5

!22.

 10. T

4T4
 11.7
 20. 3
 tO. 3-

O.419
 2. 11

202
 56..4

4. 54

O.16
1. Sl

1. T2

L12
3. 35
o. tk

2. 43

  44

CS8305
  120S

129
191
 t9. 2. ..

134
  g.2
511
 IL5
 14. 0

 13. 9"

O. 441

 2. IT

2t6
 53. 8

68. 82

 O. 5S
15. 29

99.

4. 54

O. 13

1. el

O. T1

1. 9T

3. 26

O. 11

2. 32

  54.

131
130
.22. 3

142
 1O.4
553
 14. b

 13. 8

 4.

0. 441

 1. TT

20T
 48. 9

6*

'- Garnet

css3es
  12ee

6T. 2e

 O. 54
t4. 95

4.

o.

L
L
2.

3.

o.

z
99..

Sl
16
6S
64
39
05
12
64

14.

lt9
I55
 22.3
142

  9. 5
53T

 12. 7
 13.' T

 16. 4*

O. 41S

 2. 20
•2t3

 41. 2

CSS406
  e3el

63.

 o.

t8.

5.

e.

2.

o.

2.

3.

o.

2.

100..

zone petitic

CSB310 CS8310
  27e3 2706

16
TO
18
IT
20
13

29*
45
8T
13
91

39

152
 80. 6
.24..9

ITO
 12.0
6"
 15. 4

 15.T
 24. e*

e. 422
 2.'20

2tt
 so. s

69. Te

 O. 5T

15. 03

 3. S6

 O. Ol

 1. 39
 O. 16
 2. S2
 2. 59

 O. 07*
 1. 95

g8. 81

leG
f8S
32.5**

15S'.
 10.8
3SO
 15. 2

 16. 7

O. 416

 1.tB
202
 56. 5

schists

G9. 9T

 O. 49
14. 55

99.

4. 23

O. IS

1. 38

1. 58

1. S4

3. 11

o.

2. 31

  T3

09*

T30

tr6
 23. S

13T
 10. 3

655
 13. 7
 19. 5

 12. t-

O. 393
 2. 83

tgs
39. 4

css31e
 2S02

10. 91
 O. 44

". 41
3.

e.

1.

t'

3.

2.

o.

L

43
10
14
22
27
T6

  09*
  IT
gg. oe .

114
f2T
 22. 3

146
  9. 0

501
 12. 2
 18. 6

  5.

0. 397

 1. 94

Z02
 45. T

1-

CSS310
  2905

72.48
 O. 50
13. 03

 4. 76
 O. 26
 1. S2
 O. 53
 t. 48
 2. 69
 O. 1t

 1. 99

99, S5

i14
 5r. 3

 21.8
116
  8. 8
449
 11rl
 14. 4

 22. 2*

O. 431

 3. 38
t96
 49. 7

CS83tO
  3eo2

6S. 81.

 e. 55

14. 75

.98.

5. 04

e. 25

1. 85

O. 41*
2. 13

2. 92

e. 11

1. 94

  82

120
 54. 9
 14. 2.

127
  9. 9
402
 13. 3
 20. 1

 11.

0. 421

 3. 13
202
 60. 3

9*

CS83tO
  3004

61. 19

 O. 60
1e. 4o

 5. 13
 O. 33
 1. 84
 O. 62

 1. 89
 3. 6S
 O. 13

 T. 8t

99. 62

CS8405
  2504

156
t22
 26. 8*-
168
 11.T
535
 17. 7
 1S. 4

 24. 2*

O. 415

 4. 06
t96

 5L1

62.

 o.

t6.

6.

o.

3.

o.

2.

3.

o.•

2.

99.

82
T5
70
15
28
OT
64
12
36
13
50
12

128
tt2
 25. 0
151
 1O. 5
463
 13. 1

 29. 0
 52. 0

O. 4T4
 2. 40
zts
 60. 3

CSS405
  3001

66.15
 O. 61

15. 84

99.

5. 62

O. 23

1.58
1. 08

3. 54

2. 22

e.

2. 36

  33

10*

 91.1
t62
 22. 2

119
  9. 5

42T
 13.1
 12.5
 19. 2*

O.358
 2. 8T

2el
 43. 2

CSS405
  3003

12. 62
 O. 51

13-OT
4. 34
O. 22

1. 54

O. 60

2. 03

2. e3

O..09*
1.13

99. 38

106
 94. T
 1s. g

tlO
  S. 9

41e
 IL2
 19. 1

 10, 2-

O. 413

 3. 24
2e5
 53. 2

Teble 2

SamF1e
No,
{wt, ts)

SiOl
TiOl
Al203
Fe2e3#
MnO
MgO
ceo
Na20
KtO
P20s
LOI

Total
(ppm)

Rb
Sr
Y
Zr
Nb
Be
Th
Pb
Ni

nv-value
kki-ratie

KIRb
K!Ba

(contlnued.)

Garnet zonc pelitic

CS8405 CS8405 CS8406
  300? 3013 OI02

69. 66
 e. 52.

14.52
•3.• 99

 e. oe
 1. 63
 O. 92
 3. S8
 1. 94
 O.12
 •1.5e

9S. T4

6B.

 .o.

.15.

4.

o.

•1.

1.

2,

3.

o.

L
loe.

 71.9
186
 16. 3
151
  7. 6
369
  8. 3
 22. 8
  6. 3* .

0. 447
 O. 93
224
 43. 7

78
54
99
38
18'

62
06
4T
49
11

70
32

132
155
 25.5
153.
 1O. 6
5.Tl.

 16. 5

 IL4
  2. 9*

O. 423

 2. 6e
220
 5e. 7

schists -

cse4o6
  0206

T2. 79
 O.•39.
14. e4

2,45
O. 03

O. 84
1. ' 34
2. 92

3. 29

100.

O. 08*
1,.60

  3T

114
292
 21.0
166
  T.'8
559
 ".e
 2L2
  1.

0. 404
 O. 81

24e
 4S. 8

2*

13. 96
 O. 43
13. 61

 3. IT
 O. 12
  1. 42
 O. 33i
  2. t5
 2. 81
 O. 09-
  1. SO

100. 49

118
 72. 3
 20. T
.1.23

  8. 4
434
 12.1
 20. T
 12. 6*

O. 42T

 2. 01
t9S

 53. 1

TH1504.
 2206

68. 44
.O. 56

14. 93
 4. 65
 O. t5
 1. 62

 1.13
 1. S4'

 3..39
 O. 12
 1. 81

98. 64

THT504
 2216

61.

 o.

15.

5.

o.

t
o.

L
3.

e.

2.

99.

t4
TO
99
41
IT

92
25*
OT
93
11

5T

26

131 151
136 85.9
 2L9 20.3
13T 145
  9.2 13.7
589 565
 12.4'       13.1
 21,1 14.1
 15. 6* IL I*

O. 40S O. 413
 2. 10 2. 03
21S 208
 47.8 5ZT

TH7504
 2221

64. 25
 O. 62

16. 3S

 4. 3T

 O. 18
 1. TS

 2. 22
 2. 59
 3. 37
 O. 14
 3. 11

98. 98

135
240
 22. 3

158
 12.0
459
 ILI
 19,5
 IZ .

0.442
'2:''5'2''

2e7
 60. 9

B*

`- A1bitt-bi•otite

THr504
  2410

TO. 03

 O. 5T

15. 01

loe.

4. T2

e. 12

1. 6S

e. 34*
O. 88

3. 99

O.10*
2. T3

  tT

157
 TT, 2
 20. S
ISI
 1O. T
632
 13,O
 12, S
 14. 6*

O.414
 1. 65

21e
 S2.4

THT504
 2414

Tl. 82

 e..sl
14. 6T

 3. 4e
 O.1O
 t21
 O. 46"
 2. TO
 2..e.3

 O.11
 2. 3e
100. t9

j16
113
 14. 4
194
 12. 0

463
 12. 4

    tone pe1itic

THISe4 T"T504 THT504
  24t5 2423 2429

4e. o"*
 1. 3*

O. 413

 L90''
203
 50. 8

T2. 83
 e. 45

13. T5
 3. 71
 O. IT
 1. 31
 e. 4e*
 3. 53
 2. 03
 O. 10*
 1. 60

99. 88

 S2. 3
116
 16. e
14T
  8.1
28t
 12. e

 15. 0
  4. 4-

O. "2
 2. 95

205
 59. 9

 le. 38

 O. 52
 14.69
 4. 52
 o. eg
 1. 42
 e. 28-
 2. r8
 2. e3
 O. M
 2. 45
100. 07

112
 90. 9

 17.2
144
  9. 2
489
 12. 1
 24. 4

 13. 6*

O. 384
 1. 36

210
 48. 0

schists -

 67. 35
 O. 5T
 16. 28

 5. 03
 O. 14
  1. 66
 O. 311
  2. 63
 3. 32
 O. 14
 2. 69
100. 12

12S
 81.3
 23. 4

143
 to. o

453
 14.0
 26. 8

 10.

0. 395
 1. S6

215
 60. 9

6*

THSO05
  2202

6S. S2

 O. 56
IS. 66
 4. 66'
 e. 22

 Lel
 O. 46*
 2. IS
 3. 35
 e.1o-
 2. 14

99. 96

133
102
 23. 3
156
 lt2
511
 i5. 9
 22. 4

 24. 7"

O. 435

 2. 92

209
 54. 4

TH15e4
  2SOT

Tt. 84
 O. 39

13. 45
 2. Tg
 O. 06
 o. gs
 1. 9S
 2. 91

 2. 7e
 O. 11

 1. 26

9S. 52

TH75e4
  2834

106
190
 19. 2

150 '
  8.S
45e
 IL2
 12.3
  2. Sl

O. 410

 1.41
21S
 5L3

65. 13
 O. 63
16. 63

5. 39

e. 2o

1. 83

e. 83

2. IS

3. T5

O. 11

2. 29

TH1504
  3020

6T. 21

 O. 60
15. e5

9S. 94 9g.

14g
121
 23. 5

153
 11.9
514
 15. 2
 tr. g

  9. 9*

O. 402

 2. 44

210
 60. 5

5. g2
e. 31

2. 19

O. 85

2. 08

zef
e. 11

2. 29

  22

113
.123

 21.T
13e
  9. 9
334
 13. 2
 2S. 4
 23. 0"

O. 423
 3. 2S
192
 64. 8
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Teble 2 (continued.)

Sempte
No.
(wt. N}

Si02
Ti02
Alibs
FelOs#
MnO
MgO
ceO
Na20
K!O
P2es
LO1

Total
(ppm)

Rb
Sr
Y
zt
Nb
Bt
Th
Pb
Ni

opvalue
Mt-ratio
K!Rb
K/Ba

TH7505 THTT05 THTTe5
  O120 2SOT 2TIO

12.

 o.

t3.

 2.

 o.

 o.

 o.

 2.

 3.

 o.

 2.

98.

39
49
S3
so
02
B9
59
ss
13
eg*
11

92

110
t09
 15. 1

150
  9. 1

42e
  9. 8
 12. 1

  T. 2*

6T.

 o.

15.

4.

o.

L
3.

o.

3.

o.

L
99.

14
56
99
38
05
60
47
4T
6t

IS
88

31

li5
440
 11.0
166
  1.1
751
 10.6
 19. T
  2. 9"

68.

 o.

14.

 3.

 e.

 L
 2.

 2.

 2.
 o.

 3.

99.

13•

53
3S
S2
10
75
36
80
Sl

12
02

T9

107
tr4
 16. 2
148
  T. 6
456
  9. 2

 15. 2
 10. 6*

O. 3S6 O. 420 O. 476
 O. 49 O. T4 1. 52
231 260 2t9
 60.9 39.9 51.1

THTT05 THTT05
  2T13 2T16

13.

 e.

13.

 2.

 o.

 t'
 1.'

 3.

 z
 e.

 L
gg.

T2
42
4S
89
os
04
04
64
10
08-
21

6T

 T6. t

t13
 19. 4
t29
  T. S

323
 1O. 9

 t2. 3

 11.0*

Tl.

 o.

13.

3.

o.

 L
 1.

 3.

 z
 o.

 L
gg.

56
43
90
24
06
12
32
04
T3
"8*
66

14

 98. 8
tto
 19. 1

l28
  8.4
469
 10.1
 17.4
  7. 4"

O. 416 e. 406
 1.12 L22
229 229
 54.0 48.4

AIbiteTbietitc

TH7T05
  2TIT

64.

 o.

16.

6.

o.

2.

o.

1.

3.

".

2.

99.

el

65
6S
29
21

3T
S6

n
44
14
14

42

142
tt8
 20. 6
1'29

  9. 7

412
 t3.2
 23.0
 28. 0*

e. 421
 2. 69

2et
 69. 4

TH1611
  0401

67.

 o.

16.

4.

o.

L
o.

2.

3.

".

L
gg.

94
se
18

33
14

S8
59
10
68
IS

85

08

142
109
 IT. S
150
 1O. 2

663
 '13. 9

 17.8
  6.

zene

T"1611
  0409

2"'

O. 420

 2. 0T

216
 46. 1

69.

 e.

15.

3.

e.

1.

o.

o.

4.

".

2.

99.

23
se
63
TT
os
23
T8
63
92
"s"
4e
22

 pe1it

THTIOS
  1002

181

t34
 23. 2

125
 10. 1

g16
 14. 0

 2L4
 13. 6*

12.

 o.

1S.

4.

o.

1.

o.

L
3.

".

L
100.

5T
4S
70
25
13
61
5t

60
eg

"
96
Ol

127
 Sl.5
 24. 2

139
 13. 6

484
 13. i

 14. 4
 16.

ic schists' '-

THTIOS
  1003

1*

O. 393 O. 42g
 O. 90 1. 93
225 202
 44.6 53.0

TO. 15
 O. 53
15. 16

 4. t4
 O. 10
 1. 40
 O.'61

 3. 24
 2. T6
 e. 15
 1. 35

99. 59

111
121
 20. 4
168
  8. 8
49T
 13. 2
 21.3
 18.5*

o. 4el

 1. 60
20T
 46. 1

THIIOS
  tl02

63.

 o.

16.

 z
 o.

 2.

 t'

 2.

 2.

 ".
 2.'

loe.

48
T2
40
96
34
S5
03
08
Sl

"
36

eo

lt3
121
 25. 0
133
 12. 2
455
 t2.9
 tL1
 24.

TH710e
  1103

4*

O. 397
 2. S2
2tt
 S2. 4

68.

 e.

15.

 4.

 o.
 1.
 o.

 2.

 3.

 ".

 L
99.

31

65
99
5S
eg
59
88
86
19
11
TO

93

125
184
 22. 3
IS4
  9. 5
581
 12.0
 17.3
 16.

THII08
  lt04

9*

O. 409
 1. 30

Z12
 45.1

69.

 o.

14.

4.

o.

1.

o.

o.

4.

o.

L
9S.

S9
55
S3
43
lg
6e
84
88
12

THTI08
  1107

09"
55

85

156
116
 20. 5
135
  9. 7

62T
 12.9
 12.2
 23. 1"

O. 429
 2. SS
219
 54. 6

Tl.

 o.

14.

3.

e.

1.

o.

2.

3.

o.

L
100.

90
45
83
20
05
os
92
88
31

"s-
32

02

130
14g
 26.
165
 11.8
523
 15.
 18.
  2.

TH710e
  1108

7t*

6

4

6*

O. 401

 1. 04
21t
 52, 5

64L

 o.

16.

s.

o.

2.

1.

2.

2.

g.

2.

99.

12
69
oo-

6T
16
34
8S
59
91
12
32

3T

111
le6
 20. 9
141
  9. 3

50T
 1O. 6

 16. 9
 29.

TH710S
  tl09

4*

O. 450
 1. T2

211
 4T. 7

66.

 e.

t6.

5.

o.

2.

o.

2.

3.

".

1.

1OO.

T4
61

16
90
31
22
83
02
38
10-
82

eg

134
 98. g

 ILT
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  9.8
411
 15. 1

 15.4
 IS. 5*

O. 421

 3. 28
2og
 59. 5

Teble 2 (contlnued.)

Sample
No.
{wt. S)

SiOl
Ti02
A120s
Fe20st
MnO
MgO
cto
Na20
K20
P20s
LOt

Tetal
(ppm)

Rb
Sr
Y
Zr
Nb
Ba
Th
Pb
Ni

nv-velue
iki-ratie

KIRb
KIBa

THII08 THTIOS
  "le 1"1
 68. 55

 O. 57
 15. 41

 4.99
  O. 19
  1. 83
  O. 98

  L96
 3. 30
  O. 11

  2.16
loo. es

134
115

 2Le
13S
  9. S

S23
 12. e
 19. 5

 21. 4*

O. 421
 2. 42

204
 52. 4

TH7108
  1404

TL19 T2.
 O. 48 O.
14.37 14.
 3. 4e 3.
 e. e6 o.
 L39 L
 O.43* O.
 2. 99 5.
 2. T9 1.
 o. o7* e.

 L85 L
99. 7e 100.

11S
143
 16. 1

136
  8. 0
441

 IL6
 25. 1

  4. 6*
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 1. 07
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 52. 5

10
49
2e
33
09
26
85
15

42
tol
08
07

 fi2.4

129
 20. 5
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  S. 2
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 tZ2
 21.0
 15. 9*

O. 428
 1. Tl

1sg
 46. S

TH7106 THTIOS
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7e.

 o.

15.

3.

e.

t'

o.

3.

2.

o.
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100.

19

53
S2
le

M
36
7S
34
so
oe*
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43
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 22. 4
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  8. 3

436
 12. S
 23. e
 IL S*

O. 41S

 1. 8T

208
 53. 3

TO.

o.

14.

4.

 o.

 1.

 o.

 L
 3.

 o.

 1.

100.

66
S6
IT
41
14

52
89
52
52

"
96

12

141

155
 22. 5

14e
  9.3
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 12. 5
 1S. 8

 14. 0*

O, 402
 2. 06

20T
 51.8

-- A1bi

THTI08
  1416

69.

 o.

1•5.

5.

o.

L
o.

2.

3.

o.

1.

99.

22
59
20
OQ
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7T

T3
09
15

te-bietite

TH710S
  1"S
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 19. 6
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  9.5
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 13. 4
 16. 4

 20. 8*

O. 412
 2. 10
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 46. 1

68.

 o.

15.

4.

o.

1.

L
2.

3.

o.

2.

99.

23
58
4T
13
12

68
11

06
43
11

OT

59

132
234
 21.2
150
  S.4
T33
 12. 2

 le.1
 11.

zene

CS8210
  2SOI

"
e. "3
 t. 65

216
 38. 9

TO.

 o.

15.

3.

o.

t'

.o.

2.

3.

o.

2.

1OO.

64
43
35

g6
10

33
49
8T
03
09*
oo

29

134
tOl
 23. 5

129
  9. 9
53T
 le.T
 15. 6

 le. 9*

 peHt
CS8210
  2SD2

TO.

 o.

14.

 4.

 o.

 1.
 1.

 2.

 2.

 o.

 1.

100.

60
50
52
26
12
64
oo
64
84
11

86

09

121

129
 1T. 2

125
  8. 2
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 11.9
 2Z S
 22.

ic schists'

CS8210
  2se3

2*

O. 400 O. 433
 L68 1.Tl
t88 194
 46.8 45.2

T2.

 e.

t4.

 4.

 o.
 i'

 o.

 o.

 3.
 o.

 2.

1OO.

IS

54
21
Tt
21

89
T9*
6T
22
12
IT

14

130
 84. 9
 12. 8
115
  S.1
3T3
 13. 1

 aT. 6
 14.4*

O. 443
 2. 72
206
 Tl.6

CSS210
  2ees

69.

 o.

15.

 5.

 o.
 t'

 o.

 o.

 4.

 e.

 t'

100.

T2
56
04
04
16
9T
77
60
15
11

88

oo

CSS210
  2eol

14e
 S6. 4
 25. 3
128
  9. 4

599
 IL4
 1O. 3
 20. 3*

O. 436
 1. 97

245
 ST. 5

68.

 o.

15.

 4.

 o.

 L
 o.

 2.

 3.

 e.
 2.

99.

60
55
31•

25
08
26
60
84
21

10-
83

63

130
 87. 2
•19. 5

152
  9.1
4ee
 12. 6
 16. 1

 11.

CS82tO
  2S09

2*

O. 3TO
 1. 32
205
 s7. e

64.

 o.

16.

 6.

 o.

 2.
 o.

 2.

 3.

 o.
 2.

1OO.

61
68
86
08
26
2T
98
2T
29
13
54

03

t33
129
 27.
139
 11.S
4T7
 13.
 29.
 29.

cse2te
  2et4

o*-

6
e
2*

O. 425
 2. 69
205
 57. 3

SL
 o.

15.

5.

o.

2.

o.

2.

2.

o.

2.

99.

41
59
es
TQ
25
31
S8
fT
TT

CS8210
  281T

1O"
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31
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 TO. 2
 18. 5
139
  9. 9
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 12. 4
 IT. 1

 2L 2*

O. 445
 2. 6T

224
 64. 1

66.

 e.

16.

 6.
 e.
 2.
 o.

 2.

 2.

 o.
 2.

TOO.

95
62
oo
t5
33
25
43-
e4
89
12
4T

25

CSS21O
  2gol

120
113
 19.6
12S
 1O.O
394
 IL4
 2T. 4
 24..2*

O. 420
 3. 38
201
 60. 9

12.

 o.

13.

 2.

 o.

 o.
 1,

 2.

 2.

 o,

 L
99,

94•
3T
28
eo
e6
92
97
81

48
10"
64

3T

 96. 8

20!
 25. 0
134
  9. 3

393
 12.1
 13.4
  3. 1-

O. 394
 1. 44

213
 52. 4
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Table

Semple
No.
{wt. X)

SiQ
TiOl
A120s
Fe203#
MnO
MgO
Cao
Ne20
K20
P20s
LOI

Tetal
(ppm)

Rb
Sr
Y
Zr
Nb
Ba
Th
Pb
Nj

2 (cont;nued.)

nnr-value

-h-ratie
KIRb
KISa

- Albite-bietite

cse21o css21e css21o css21o css21e css21o css21o
  2903• •290S •2909 .2912.. 2914 2919 2922

71. 49
 O. 51

14. 45

 3. T6
 e. e6

 L31
 e. 65
 3.56'
 2. 39
 O. 11

 L 70•
99. 99

67.

IS.

99.

  22
O. 64

  69
5. 93

O. 40

1. S8

O. 71

2. 36

2. 68
O. 12

2..18

  81

 94.4 tlO
145 11T
 2L 6 2'8. 5**
16S 133
  g. t le. e '

34S 40T
 tL6 12.4
 16.0 2T.9
 IL T* 38. 8*

O. 408 O. 386
 1. 05 4. 46
210 203'
 5T. O• 54. T

70. 02
 O. 53
14. 21

4. 69
e. 17

1. 78

O. 95

1. 2T

3. 51

O. 10"
•2. 15

99. 9S

131
116
 19. 9
112
  9.3
54e
 IL4•
 16. 4
 18.

0. 429
 2. 28
2t2
 53. e

.6L 31
 e. 6e
15. 44
 5. 44
 O. 22
 2. 21
 O. B4'

 1. 92
 3. 23
 O. 12
 2. 63

99. 96

128
106
 20. 3
13t
  9. 5'
421
 12. 8
 20. 9

5* 2S.4*

  O. 446
   2. 46
  209
   63. 6

67. 31 74.
 O, 62 O.
15.62 14.

5.

o.

L
e.

2.

3.

o.

2.

99.

06
11

99
95
19
43
12

.29

T5

134
104
 19. 2
141
 .9. 5 ..

4S4•
 12. 6
  9. 8

 1Z 8"

O. 438
 2, OS

213
.58. g

L
o.

o.

e.

4.

2.

o.

o...

99.

S7
18
el

99
06
58
4T
55
33
06*
99.
S9

 94. 6

114
 40. 3*i
110
.12. 7

33T
 25. 0

 24. 3
  2. 5*'

e, 366

 2. 11

2e4
 5T. 4

   rone pelitic schists

css21e c$s3os css3os
  3eo3 o4o3 o4oT

69. 73

 O. 42
14. 72
'3. le

 o. ofi

 1. 20
 O. 93'

 Z46
 3. 93
 O. 09*
 .LJ6..
99. 00

159
138
 29.3*"
159
 12.8
491
 IZO
 2LT
  6. 8*

O. 391

 1. 10
206
 66. 4

S4:36 S9.33 64.
 O. 69 O. 53 O.
17.14 14.r4 15.

5. S5
e. 25

2. 07

O. 66

2. 0T

3. T4

.O.12
2..S5.

99.SO 99.

i53'

lt9
 23. 9

149
 11.4
53a
 IS.5
 20. 1

 11. S*

O. 4t2

 2. 15

203
 58. 2

3. g3

e. eT

1.Sl

LT7
2. T5

2. 60

O. 11

2..41

 T5

103
224
 15. T

148
 sL s.
399
 10, 9'

 1T.8
 14. 9*

O. 432

 L13
210
 S4. t

5.

o.

2.

2.

2.

2.

o.

.2..

99.

65
61
g6
35
12
44
25
16
S9
t2
e6
2T

112
203
 2L1
142
  g. e
466
 12.0
 22. 8
 28. 9-

O. 4T5
 1. 31

214
 5t.5

CS8305
  0410

------

CS8305
  0412

6S. 71 66. DS
 O. 5T e. 59
14.59 15.69
 5. 20
 O. 23
 1. 96
 O. 68

 1. 98
 2. 95
 O. 11

 2. 66

99. 64

128
12e
 2L4
122
  9. 8

"2
 12.4
 21. T

4. S9

O. 1T

L9i
1. 5S

2. 39

3. el

e. 12
2. 22

99. 52

t21
162
 1e. o
13r
  9. 3
49T
 12.5
 13. 7

-- ----- -- ---p-
CSS305
  e413

 24. 0* 20. 3*

O. 42T O. 436
 2. Tl 2. 16
192 206
 55.4 50.2

65. S3
 O. 65
16. 42

5. T6

O. 24

2.29
O. 94

1. 98

3. 32

e. 12

2. 65

loo. oe

140
136
 19. 5

"4
 10. 1

410
 12. T

 21.4
 31.

0. 441

 2. 56
19T
 58. 7

css3es css3es css3os
  osol ose2 "e4

6B. 27 68. S9 72. 72
 O. 61 e. 56 O. 48
16. 0e 15. 43 14. e5

101

5. 66

O. 32
2. el

o. e2

L52
3. 26
o.

2. 34

 .03

10-

t3t
 30. 5
 20. 3
136
 le. 2
41S
 14. 6
 22. T

S* 10. 9*

  O.420
   3. 56
  20T
   64. T

4. 96

e. Is

1. T8

O. T2

2. 09

3. 16
O. tl

2. 16

3. 11

O. OT

L12
O. 93

3. 56

2. 34

o. eg-
1.35

100. 04 99. 82

t2S
114
 18. 8

137
 1O. 2
514
 13. 1

 15.1
 10. 1"

O. 416
 2. 33
204
 5t.t

 88, S
15S
 17.e
160
  S. 4
354
 1O. 4

 15.2
  3.•3"

O. "6
 t. 46

219
 54. 9

Ttble

Stmple
No.
(wt. S)

Si02
Tiez
At20s
Fe203#
MnO
MgO
Cno
Ne20
K20
P205
LOI

TotGl
(ppni

Rb
Sr
Y
Zr
Nb
Ba
Th
Pb
Ni

2 (centinued.)

  ----------------Atbite-blotite zone petitic schists'"--"""""-----

 css4os cse31o cs63to qss3te css3te css3te css3to css3te cse3to css4os
   26e3 2701 2T02 2T05 28e3 2804 2S05 2e06 2902 2401

nlrvslue
1-)-ratie

KIRb
KIBa

T2. 54
e. 43

14. 02

 2. 83
 O. 04

 L10
 O. 99
 3. e3
 2. 12

 70. 27 65. SO
  e. 43 O. G4.
• t4. 63 16. 11

3,16
O. 06
1: 12

'1.24
3. 45

2. 61

 e.os* o..og*
 1. 5T 1. 40
9e. 35. 98. 46

100•
13T
 22. 5
'133'
  8. I

445
 IL1
 15. 5
  5. 0*

e. 435
 O. S9
225
 50. 7

 94. T
159
 17.T
130
  8. 2
404
 IL2
 1S. 5
  3. 3"

O. 412

 1. 24
229
 53. 6

 5. 50
 O. 23
 z os
 L31
 2. 10
 3. 21
 •O. 12

 1. 75
•98..S2.

127
16T
 22. 9
146
 1O. 2

455
 13. 2
 22. 4
 21. S$

e. 425
 2. 64

209
 58. 6

65. 05

 O. 70
16. eo

 5. T2
 O. 20

 X14
 1. S2
 2. 49
 3. 09
 O.14
 2. 44.

.99. Ie

123
160
 22, 6
165
 1O. 5

4sr
 14. 4

 21.8
 2Z S*

O. 426
 2. 21

208
 53. 4

63.54 63. 63 6S. S3
 o. r2 e. sr e. se
17. tl 17. 22 14. 52
 6. 02
 O.12
 2. 03
 1. ST
 3. 3S
 2. 13
 O. 13
 1. T2

.99. 31

t06•

214
 22. 9
162
  9. 7
4g8
 13. 8
 2e. 1

 18. 9"

O. 400

 1. 33
214
 45. 5

9S.

5. 46

e. 12

z oe
O. T9

2. 64

4. 11

o.

1. 9S

  69

1O*

.12S

ITr

 2L3
15T
  s. e
963
 14.3
 15.0
 IT.4*

O. 420

 L41
261
 35.4

 5. 22
 O. 15
 1. 60
 1. 62

 2. 12
 2. 83
 e. 18
 1. 89

99. S4

11T
IT2
 25. 2

146
 gl 7
S04
 12.0
 IT. 1

 1Z 6*

o. 3rs
 1. 9T

201
 46. 6

64. 54 IL 94
 e. 65 O. 51
t6.S3 13.T6
 S.04
 O.13
 1.ST
 LT2
 2. 39

 3. 46

 O. i3

 Z31
99.1r

133
204
 22. 1

164
 1O. 1

str
 13. T

 2Z. 8

 14.2*

O. 424
 1, 65

216
 55. 5

4. SO

e. 25

1.8T'
O. 67

1.3S
2. 86

O.12
t.44

99. 60

124.

 96. e
.19. 0

119
  T. 9

4e8
 11.9
 22. 9

 22. 9*

e. 436
 3. 20

192
 5B. 2

69. 11

 O. 59
15. 35

4. 94
O. 24

L12
e. T9
2. 16

3. 12
O. 12

1. 32

S9. 46

135
t25

 25. 3
.165

 11.1
445
 15.1
 19. T
 22.

C. 40S
 3. 13
192

 58. 2

7e

-Oligeclese-biotite

rH7504 rHT504 TH80e5
  2404 2505 2T05

SL 80
 e. sfi

15. 99

4. 73

O. 21

1. TT

O. 44*
3. 06
3. 00

O.10*
2. 43

100. 09

114
 T6. 2

 2L1
152
 11.5
419
 12.8
 22. 5
 15.

0.426
 2. T9

21S
 59. 4

66. "
 e. 65
16. 01

 4. 98
 O. 09
 2. 19
 2. 02
 1. T3
 2. 94
 O. 13
 '1.92

99. 1O

 8Z S
24T
 22. 3
155
  9. 8
5S7
 ILI
 19. 1

1* 22.4*

  O. 466
   1. 08
  295
   41. 6

66. TT
 e. 72

15. Ie
5. 92

O. 22

2. 37
2. 39

1.4e
2. 52

O.14
1.4S

zone pelitlc schkts-

THeOe5 TH8eOS TH8e07
  2712 2T19 2303

63. 83 6e. 4T 6Z 47
 O. 73 O. T5 O. 66
15. 61 •1 2. 4e 16. 16

99.19 99.

 T8. 6

254
 22. 8

142
  9. 5

4T5
 tl.9
 1T.S
 22. 9*

O. 442

 2. 2S
2S6
 44. e

S. 94

O. 12

3. el

2. 96

1. 83

3. 08

O. 15

t. ST

  13

113
165
 23. T
.1 46

 10. 6
446
 12. 0
 14. 3
 48. 2

O. 50f

 L12
226
 5T. 4

5. 46

O.19
2. 54

3. T5

1. 36

2. 28

O. 16

L3T

5. e5

o. eg

1.IS
1.16
1. 83
S. 22

O. 12

2. 20

9e.T9 e9.T5

 83. 6

Te2
 20. 1

119
 1O. 6
311
  9. 6

 14. 4
 23. 2"

e. 4so

 z oe
226
 5Le

115
tTt

 22. 9
164
 IL7
46S
 14. 3

 16.0
 46. 3S

O. 4tt

 1. IT
233
 5L 2
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Table

Sample
No.

cwtm
Si02
Ti02
Al2e3
Fe203#
Mne
MgO
Ceo
Ns20
K20
P20s
Lel

Totel
(ppm)

Rb
Sr
Y

Zr
Nb
Bs
Th
Pb
Ni

2 Ccontinued.)

tryaSue
Mi-retio
KIRb
Xlea

THsoeT
23e7

65. 95
 O. 60
15. 90
 4. 4t

 O.13
 2. 24
 3. 81

 L18
 3. 14
 O.13
 2. 04

99. 53

103
2TT
 19.3
153
  8. 3

606
 IL2
 18. 0
  8.

0. 502

 1. 63
253
 43. 0

THII08
  1303

TO.

14.

99.

  ?8
e. so

  37
4. 6T
O. IS
1. T8

O. 92

1. S8

2. 92

Q.12
1. 26

  3S

12fi

149
 16. 9
129
  L8
53T
 12. 8
 22. 4

S* 26.2i

  o. 43e
   2. 4t
   lg2
   45. 1

THTI08
  1306

64, 4T

15.

98.

103
288
 21.S
"3
 13. 7
479
 1O. 6
 23. e
 13.

0. 386
 2. T4
220
 4T. 3

O. 59

  15
4. 91

O. 20

LS6
3. T4

2. 83
2. T3

Q. 13
2. 44

  T5

o*

THTIOe, THTI08
  1311 1315

63.85 67.
e. 68

16. 59

 5. 59
 O.IS
 t. 94
 1. g9
 2. 89
 3. 05

 O.12
 2. S4

99. 42

11T
208
 23. 5
t62
  9. 8
531
 14. 1

 24. 1
 21. T*

O. 401
 2. 10

X6
 4T. 7

  T4
e. 5T

15. 32

5. 04

O. 14

1. TO

1.19
3. 38

2. 11

O. 09*

1.61
99. 49

11T
164
 21'.7

IP2
 6. 3
466
 13. 8
 29. 9
 2e.

0.401
 1. 84

193.
 48. 3

1*

-Oligocttse-biotite

THIIOe
  1422

7o. eg
O. 49

14. SO
4. 00

O. 24

1. 73

L13
1. Sl

3. 4t

e. Q9-
2. 06

CSS30S
  OSOT

CS8305
  0901

62.65 13.
O. Tl

16. 8S

100. 45 99.

133
108
 23. 3

121
 8. 6
414
 13. 7
 2S. 3

 t6.

e. 461

 3. S1

213
 68. 4

1-

5. 82

O. 13

2. 96
2. 9e

2. 5S

3. 02

O. 14

1. 85

  64

 99. 2

211
 21.2
151
 TO. O

5TT
.13.3

 14. 1

 49. 9

e.so2
 1.24
253
 43, 4

  85
O. 31

14. e3

2. 83

O. 11

e. 93

O. 6T

1, 74

3. 23

zene petitic schists

css3os css3es css3os
  egoT ogoB ogog

O. 08*
1.22

71 .31
e. 43

14. 95

3. 44

O. 09

L18
O. 72

2. Sl

3. 09

a. os*

99.80 '99.

125
145

 2Z
146
  9. T

597
.18. 2

 24. 5

  S. 3"

O. 394
 2. 5S

214
 44. g

1""

LSS
 6S

120
123
 24,S
149
  9. 1

406
 1.3. 2

 19. 3
  6.

e. 4os
 1. T2

2t3
 63. 2

9*

66.

16.

leo.

  T5
e. 6T

  31
5. 37

O. OB
1. 85

e. 95

2. 42

2. 90

O. 14
2. 63

  eT

117
153
 20. 3
159
  9.4
421
 12. 5
 19. 2

 IL
O. 406
 O. 99
205
 57. 2

o*

6L
 o.

15.

 4.

 o.
 1.

 1.

 2.

 2.

 a.
 2,

99.

66
60
18

S3
13
e3
69
26
98
to"
10

36

t15
19S
 1T.3
14S
  S. 8'

433
 1.1.e
 19. 4

 le.1"

O. 429
 1. 70
21fi

 57. 2

cse3os css3os
  teo6 t4ol

fi8.

15.

99.

  30.
O. 60

 •"•
4. 76

e.16
1. T5

1. 52

2. 23

2. g6

a. 12

1. T3

  51

11T
tT8
 2L5
145
 1O. 3
464
 12.1
 20. 4
 13. 4f

O. 421
 2. 1,4

210
 52. 9

Tl

13.

 .14
O. 49

  85
3. 49

O. 06

1. 25
1. 69

2. 84

2. T3

o. as-
2.

99.

os

TO

102
t64
 lg. 3
134
  8. 3
431
 le. 5 .

 16. e
  9. 8"

O. 415

 1.12
223
 52. 6

CS830S
  1402

73. IS

 O. 41

t3, OO
3. 5S

o. to

1. 31

l. 36

1. 9S

2. 6t

e. Ig

1. 39

CSS310 AG12-1
  3104

T3. 51 69. 42

tl

g9.68 99.

t06
193
 16L 8

146
 S.6
3T5
 8. 3
 16. 3

  5. 3*

e. 42o
 1. 79

2e5'
 5T. T

O. 43

 .5T
4. 36
O.'T5

1. 60
1. 46

1. 18

2. G4
e.

1. 3T

  06

le-

115
lt2
 24. 6
104
  7. 6
354
  9. 1

 14. 1
 12. It

O. 421

 2. 19
t91
 61. 8

15.

100.

O. 5S

  21
5. 1O

o. 2e

1. 94
O. 83
2. t•6

z e4
e, "
2. 0t

  40

120
t2S
 23. 5

141
  9. 8

420
 12. 0
 20. 5

 20. "

o. 43e
 Z 46
t96
 56.1

Teble

Ssmple
No.
(wt. X)

Si02
Ti02
At20s•

Fe2e3*
MnO
Mge
cao
Na20
K20
PIOs
LO1

Total
(pprn)

Rb
Sr
Y
Zr
Nb
Bs
Th
Pb
Ni

2 (continued.)

 Ol.-bt. zene

 CS8310 CS8310

nv-velue
-in-ratio

KIRb
K!Ba,

2SOT

68. 64

 O. 58
tS. 09

 4. 39
 O. 1O
 1. 5e
 1. eT
 2. Tl
 2. TT
 o.

 1. 63

eg. 3s

1O-

108
215
 20. 9
149
  9. 5
404
 1O. T
 19. 2
 11. T*

O. 404
 1. 51

214
 5S. 9

2903

TO.

14.

99.

  10
O. 54

  75
3. Sl

O. 15

1. 42
1. 43

2. 76

2. 60
o.

1. 01

  26

pe1ites

CSS310
  2904

09*

102
191
 18.9
1T3
  9. 6
315
 IL3
 19. 7

  L 7*

O. 425
.2. 48

212
 5T. 6

TO. 50
O. S4

14. 29

 4. 25
 O. 12

 1.59
 1. 59

 L81
 3. 01
 O. 11

 L41
99. 22

115
178
 1T. T
14T
  8. 3
450
 IL5
 IL4
 10. 5*

O. 426
 1. T9

218
 55. 6

metamerphic grade

Pe1itic

  K-8

65, 31

 O. T4
'16. 81

 S. 4S
 O. 08
 1. 94

 LT6
 4. oo
 2. e5
 O, 1T
  1, 94

100, 35

90, 2.

IS3
 25. 6

1B6
 13, T

32S
 17. 1
 21. T

 2Z 5*

O. 412
 O, 96

189

 5L 9.

Grt

schist

118996

60,

17.

 4T
O, S2

  TT
6. 11

O. 11

3. 6S

1. 13

2. 34

3. S6
O. tT

3. ST

10e. 33

122
199
 24. 0

173
 10..T

559
 12. 7
 10. 7
 6T. 7

O.544
 e. 92

243
 5Z 9

Ol-Bt

c.lasts

 K-1

63. 30

 O, 66
•1 3. 9T

 5, 3S
 O. 1fi

 3, 41

 4. 9T
 2. 87
 2. 20
 O. 13
 3. 38

1oe. "

 Tg. 1

245
 20. 3

123

  L6
5S9
  9. 3
 15. 1

 Te. 5

O. 55S

 1. 46

231
 32. 1

Ol-Bt

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

{Wt. %)
Si02
Ti02
A1203
Fe20a#
MnO
MgO
cao
Na20
K20
P20s
LOT

(ppm)

Rb
Sr
Y
Zr
Nb
Ba
Th
Pb
Ni

Average

6S, 94
 O. 55
15. 12

 4. 49
 O. 14
 t. 68
 O. 99
 2, 47
 3. 02
 O. 11

 2. 14

tt9
t29
 21. 1

144
  9. 6

486
 12. 7
 18. 7
 15. 7

lo

3. 17

O. 10
1. 22

1. 07

O. 08

O. 5T

O. T5

O. 83

O. 55

o. e2

O. 62

21

 60
  4. T

 17
  1,4
103

  Zl
  5. 7

 ILO
'

Maximum

TT. 48
 O. 82
1B. 41

 T. 96
 O. 40
 3. 68
 4. 97
 5, 52
 4. 92
 O. 19
 5. 58

18t

440
 50. 3
194
 13. 7

963
 25. 0
 5S, 8
 TO. 5

Minimum

S9. 63

 O. 18

IL 57
 1. 99
 O. 02

 O. 58
 O. 05
 O. 47
 1. 42

 O. 05
 O. 99

 6Z 2
 22. e
  5. 0
101
  6. 0

252
  8. 2
  8. 7
  o. o

mg-value
im-ratio
KIRb
KIBa

O. 422
 1. 92

211
 S2. 3

O. 031

 O. T9
 14. 9

  6.5

O. 558
 4. 46

295
 Tl. 6

O. 338
 O. 44

188
 32. t
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