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Electron microprobe analyses of rock-forming minerals from the 

Sanbagawa metamorphic rocks， Shikoku 

Part I. Asemi River area 

Toshio HIGASHINOへChihiroSAKAI， Masayuki OTSUKI**， 

Tetsumaru ITAYA*** and Shohei BANNO**** 

Department of Earth Sciences， Kanazawa University， Kanazawa 920 

Abstract Ch巴micalcompositions of rock-forming minerals from the Sanbagawa 

metamorphic rocks in the Asemi River area， central Shikoku， are tabulated along with 

their brief descriptions. They inc1ude 867 electron microprobe analyses of silicat巴， oxide

and sulfide minerals， and 10 analyses of carbonaceous matter. 

Introduction 

The Sanbagawa metamorphic belt is of an intermediate high-pressure type terrain， 

Miyashiro (1961). It extends longitudinally for about 800 km through the central and 

southwestern portion of the J apanese island arc on the Pacific Ocean side. Through the 

studies of Miyashiro and Banno (1958)， Seki (1958)， Iwasaki (1963)， Banno (1964)， Ernst et 

al. (1970) and others， the basic petrology of this belt has been established and is best 

summarized in the textbooks of Miyashiro (1965， 1973). The early petrological studies were 

mainly based upon conventional wet chemical analyses， and optical and X -ray properties 

of rock-forming minerals， but Ernst et al. (1970) have used electronprobe analyses. We have 

been engaged in the petrology of the Sanbagawa metamorphic rocks in the Shikoku region 

for the last ten years. This research has involved extensive use of the electronprobe 

microanalyser. Electronprobe microanlaysis has revealed that most of the rock-forming 

minerals with solid solution show chemical heterogeneity， often exhibiting more or less 

regular zonal structure. This offers us an opportunity to elucidate the metamorphic history 

more deeply. Some of our works have been published， and others are in progress. Our 

present view on the phase petrology and its implication to the tectonics of the south 

western J apan was recent1y summarized by Banno et al. (1978). 

In the 1iterature， full details of the electronprobe microanalysis have not always been 
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pub1ished， represεntative or average compositions were generally reported， or 

chemical data were summarized in This method of data 1S neither 

convenient nor fair， but was necessitated editorial requirements， Therefm-e， we hおJe

decided to a fuH compilation of chemical data for the metamorphic 

rocks coliectεd us 1n 80 that interested person8 can examine their own idεas 

011 the not the and of 

the authors. 

This 18 the first in a series of papers presently in preparation. It dealswith the 

chemical data in the Asemi River* area iu central Stukoku。

OUUliUI8 I[))f g!J2:⑪kogy aRtd lCi""he"，a，.自l~hy

The Asemi River area is located in N agaoka-gun， Kochi Prefedure** 

in central and a 01 the '1'" area of E i3 

unde:rlain by the upper two formations of in cenrral Shilwku established 

and his collaborators et 1956 and that the formation 

mainly of and psammitic schists with minor intercalated 

quartz and basic schists， and the 1¥1inawa Kormation of and 

schists with a very thin inten::alated calcareous bedo Th巴 latterformation is 

further divided into three the main and upper members. The localiti色sof 

the and the traverse map the Asemi River 

sectiol1 are shown in Fig. 1. Intercalated thin beds are not showl1o schists 

from pelitk scbists bccausεof their simHar appea:::ance in the 

area and their to alternate in beds from a felv to 

several tens of centimeters in thickness. 1n our definitions of rock-types， the term 

"siliceous schisf' 1s applied to a which 1S more si1iceous than and 

basic schists， this il1dudes and and so 011. 

The CHJI_'<U"~' む structure is that of a :monodine 

E-W and minor folding is COrmTlOl1o Kawachi and Hm緬a色Lal. 

who made a detaH吋 structuralanalysis of the of t111S area， have a 

scale recumbent fold 01' nappe. HOì~叩'1er ， the location and significance of their axial 

planes and the thrust zone are stiH in 'vVe haγe also proposεd a recumbent 

fold based upon thεthermal structure et but the location of the axial 

plane differs from that postulated in the eadier works. 

On the basis of the mineral assemblage in peEtic this area is divided into three 

mineral zones， the chlorite， garnet and biotite zones in order of metamorphic 

grade. The gamet zone i8 not comparable to the almandine zone of 

metamorphism， as the gamet in thεgamet zone contains 2-6 wt. % of MnO and 8-11 wL % 

of CaO at the rim， and biotite Is abs白日t. In basic two isograds are defined i" the 

， i千見川ヲ料高知県長岡郡本山町，料水白髪山
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Fig. 1. Traverse map and sample loca1ities along the Asemi River section. 
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study area. One of these is the transition from crossite-bearing to barroisite (subcalcic 

hornblende)-bearing assemblages in hematite-bearing basic schists， and the other is that 

from pumpellyite-bearing to pumpellyite-free assemblages in Fe203-poor basic schists. 

The crossite to barroisite isograd is located in the garnet zone， and pumpellyite 

disappearance isograd in the chorite zone. In the Asemi River section， not only the 

metamorphic grade is defined in terms of mineral zones， but it is also confirmed by the 

sliding equilibrium among silicate minerals that metamorphic temperature in each zone 

increases from the lower-grade to higher-grade parts. The schematic stability field of 

diagnostic minerals and the distribution of mineral zones are shown in Fig. 2 and Fig. 1， 

respectively. The mineral assemblages of the samples containing analyzed minerals are 

shown in Table 18. 

Chlorite Zone Garnet Zone Biotite Zone 

chlorite 
帥吋ト・ gornet . 
的

hornblende ーー"ー..c. 。
blotite ド・・cf) 

(，) sphene 園田
圃炉開 rutlle ド・ー・帽 'ー
ω i Imenite 帽帽
a.. 

pyrrhotite 園田

chlorite ー
9日rnet -ー ・・・・・・・・・・・・・・・・・岡田・・・・聞._. 

~I bioti同 -圃・・ ・・・・・・・・ ・・・・・・・・・・・・・・・・・・・・・・・・

~I winchite ーー
1:1 crossite ーー ーー
t 

~I hornblende ー国

ち magnetite -------帽陣.開園・・・・-------------
的 ~I hematite 

司砂ー .r: 
sphene f/) ーー

..c. rutile ーーO 
cf) ilmenite 'ー

ω chlorite 
-ー garnet ー嗣圃----------的

o 由

∞ 申 biotite ーーーーーー田ー田ー.

71 actinolite ー司
← 。， hornblende ーー
← 

pumpellyi↑e ロ -------E 
Q) sphene 司『
.r: 

rutile ー国 国・--

ilmenite ーー

pyrrhotite 目 ----------同ーー四ーーー園田司自--

Fig. 2. Schematic stabi1ity field of diagnostic minerals. Quartz， albite， muscovite， epidote， calcit巴，
tourmaline， apatite， pyrite， cha1copyrite and carbonaceous matter， which appear throughout the three 
zones， are not shown in this figure. Among them， quartz， albite， muscovite and epidote always occur 
in the pelitic and basic schists. 
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The d色tai1eddiscussions on the minera!， 
Asemi River area have be色nεnin the papers on silicate 

minerals in schlsts ; N akajima et al. Otsuki 

Otsuki and Banno (in prep園)on silicate minerals inbasic schists ; on 

in schists ; and Banno on accessories in pelitic schists 

and anc1 Otsuki 01'1 those in basic schists ; on carbonaceous mattεr 

1n schists. 

PrαcedlLl:re 

YN e used tvTO Hitachi XMA-5s， of the Kanazawa 
and J，E.O.L JXA-5A of the of in the detεnnination of 

chεmical of silicateヲ oxideand sulfide minεnusηCOfrectlon follow 1:hε 

metho正1sof Bence and lubee for silicate Y':Ji and for oxide 

lninerals r:r，nd 

deter司mined

for oxygerL 

for carbonaceous rnatterτ;l~i'ere 

of Univ日rsaltype oI the Tohoku 

and the Unterzaucher method 

I~~on contel1t i3 reprεsented as FeO for siUcate and oxia日

and hematite. For eっidoteanc1 nanDellvitεo II Js relX合s2ntecl;，~s 

and the amounts of ferrous and ferric ]ron 1f¥ 

the method of Carmichael (1967) or Rumble 

hemadte vve了εestimat日d

Bri倍f 。fi.n必

In this chapter， we どle3crib己 thernode of occurence and the chemicaI 

charactεnlstics of individual mine:als listed i11 Tables 1-17.εs were deterrr，in"三don 

seleはedooi日tsuniess othePNise stated， More deta;Iεd descriDtiocs ')ilere 

in the papers referrec1 

Albite 

Albhe occurs as a stable in most schists of a11 Uie rnineral zones in the As引ni

Rivεr areO.o It 18 aln:ost pure albitεand not zoned in the chlorite zone. it 

forms zoned and in the garnet 

and bitote zones回 HsAn content ranges from 0 to 6 in a zoned albite. 

Tz:ble 10 

Muscovite 

This 
3 

18 

of the zonal structure sJbite I'laS Otsuki 

。falbities rrom basic and siHceous 3chists arεllsted in 

19'74命 1980 a ; OTSUKI and m 

and its FeO for total Fe and contents are about 1.7 -8.3 
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and 1.6--4.0 '1ft. %， Chemical hetぽ ogeneityis observed within individual 

grains. For example， a rnuscovite れ of T百71080201shows a variation of 1. 

7-3.2 wt. % in FeO and 1.6-204 V7t % in ~1g0 ， but the details of this zonation have not， as 

been v/orked OUt. The chemical of muscovites are Hsted in Tablε20 

Elεctron microprobe in one boesic巴cbist

Two from this are listed in Tabl告 3.

Bioiite (HIGASHINO， 19'75; 

In the schists of the biotite zone， biotite is common and ismmally brown colored 

vvith TiOフ=0.8-2.7wL %. ThεbI白OVVi1biotite is almost homogeneous wiけ1凶 indiγidual

for a few 'with green color日d wbIdl ma¥.日

The pal日 greencoIored 18 very pom in 

Ti02・ mhmt己 oflxown biotite occur i11 cracks of garnet and 

with chlorite. Their chernical. a1'己 similar

to thos色。fthe brown biotites in the l1oa.trix. In the basic schists of the biotite 20n仏 brown

biotitεoccurs but spoγarlically。

Table 4 hば ludesanal刊 esof the brown biotlt回 inthe lnatrix in additiol1.. 

oftwo 。fthe and one point of the brown biotite garnεt。

Chlorite 

Chlorite 

1930a; OT，3UKI and BAl'Hす0)in 

occurs the 

chlorite，o叩 curin pressure shadow of garnet or 

garnet， homblendεand biotitεChemical 

vvith but so:rne 

;:-nine1'aJs such as 

[0 

is oftεn distind among th日chIorite，o'1'バthdiffer台rctrc:od日ofoccurence and 21180 

sornetimεs vvH:hin individual 

fo1' peHtic schi'3tS Iistεd ln Table 5 are 

chloritcs. 'Nhich '~vere aSSlnTJÆ~d to represeTnt the 

metamorphism. On the 01:11則。

chloriω::3 in baslc and silic町ousschists in t11告はbleVi1ere chfJsen 

parts o:f th合

ste'.bl告 the 

r21ther 1Nithin a SOllW 01 chlorlt日 hornblende or 

ba:;k schists afe also listed. 

sasic :3chist日 S'C:11Si:;.:; do 110L 1~'he basic 

which conl:ain sdlpmomelan:ェ，aT(ε;三~ J of 

chlor噂ite. Ana]vses stuDTl0i11el""nes from three 乱reHsted 'T'ab!e 
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(日IGASHINO，1974 ; 

metamorphic 

1980a; OTSUKI and in 

the species of in the 

order; crossite and subcalcic hornblende 1n hematite-bearing basic aロd

subcakic hornblende and calcic hombiende in hematite-Iree schists. iNith a few 

and rnost oI the zonect 

IY!U.UVH:;;:' have at the marginal The 

core is the same from to whea3s that 30t the 

heterogeneous even in the same The aluminous core the 

the v!Thile the less alumino四

of the 

lS 

during 

metamorphism同 Thesame zonal structure is a1so obserγed in amphiboles in siliceous 

schists. In the schists， hornblende commonly occms in the garnet zone 

and biotite zone， but its has not been examined in c1etaiL Acicular actinolite 

occurs in a quartz vein of one peHtic schist 0:( the biotite zone but this 

occurence 18 

The chemical a.re listed in Table 7. For the 111 

the basic and siiiceous 

from those of the less alurninous 

of the aluminous core are distinguished 

naming POINT NO of the form印~ "CORE". 

pyroxene has b色白1found fro立1 of the lmii!er chlorite 

zo日台 inour It 1S green colored the rim 

of relic au叉ite.Analvsεs of three grains are listed in Table 8. 

198%; I吋AKA]IlVIA，in 

In the present area， Is stable in the lower-grade part of the chlorite 20正le，

but ;，s was from one specirnen and its 

tion is listed in Table It oocurs as and is more aluminous than those of the 

area studied by 

Garnet 1975; 1978b; 

Gamet shov.rs chemical with regard to Fe and 

garnet occurs in the basic schist but this occurence is 

Based UpOl1 the Mn the zonal structure 1S classified into three 

l10rmal with decrease in Iv111 outvvards from the core， reverse 

IV¥n-rich rim around normal 20nin反 andosciHatof'l 20nin定cwith an 

of Mn. r¥.I[ost garnets in the schists show the normal zoning， although a fe1jir garnets 

show the reverseε。 Gametsin the basic schists 8how al1 three types of 

Chemical of garnet are listed in To.ble 10. The for the normally 

zoned garnets w町 edetermined on the rim and rarely on the core， vvhile those for the 

reversely and 20B色dgarnets on the part， and rarely on the core and 

the [Im. PartiaI was done 0日 ther1m and the Mn-poor part for the 
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zoned in pelitic schists (Itaya， 1978b)， but not !istcd in Table 10. 

Epidote 1980a; OTSUKI and BANI河0，in 

Epidote i8 a constituent of th日basicschists， and is a1so a common but minor 

constituθnt of the pe1itic schists. Analyses 'vvere determined on from basic and 

siliceous and are listed in Table lL 1s common， but it has noc been studied 

in detai1 at the time this compilation is completed. 

Ilmenite (ITAYA and 1978; ITAYA and 1980) 

nmenit色occursas discrete intergroviTth vvith fine lamellae in hematite， 

anc1 in composite aggregates. The compositεaggregates are rnade up of and 

sphene 01' or both固 Ihnenitei8 manganoan， and its MnO content is 1-9 V件。%il1 

and basic schists. The maximum MnO content is U 'wt. %， as observ吋 in discrete 

in the siliceous schist of the garnet zone Hm合nitei8 when 

as discrete 交rains and io hem 日aけ吋tite一iln芯1ε ni辻t巴 m町凶1iι1印i

even w九Ni社t.hin口日:lム t廿h託正色、 samη112 aggrεgat陀e.Table 

of itmenites of various modε日心foccurencεdescribed 

above. 

NuWe ( ITA Y A and 1978; ITAYA and 

ln the garnet and biotite zones， and very often armom・ecl

The chemical compositioIlS of this rnineral are listed in Table 

13. SiC)2， 

and 

1S rare In the present aIε日づ am1 

euhedraL and is homegen巳ou.'l.Analvses of 

COC}d~t:3 with hermrtite. It is 

mで Hstedin Table 14. Ti02， 

MnO and SiOs are detected as minor components. th日u1，Si02 1.3 sornet:hTl日 as

as 4.62 wt岨%，asobserv伐Jin maR:netJte of snecimen M038b. 
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寸athilmεnite or rutile， discrete 

are usually 

of the core i8 constant zoned with toward:'J the rim. The 

to The 

hematite in 11¥と九1atite-ihnenitε

but that of th日 rimdiHεr.~ fro:n~ to ()n the 

with ilmenite is hOl廿ogeneous，and does not diffeγfrom 

of the core and rIlTl of the zoned hematit合， the coreりf

and hematiie larnellae are listed in Table 15. 
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乃Irrhotite(ITAYA， 1975) 

Pyrrhotite is rare in the basic schists， but common in pelitic schists of the higher 

chlorite zone to the biotite zone. Chemical analyses were determined on pyrrhotites from 

the pelitic schists. These analyses are homogeneous within one grain. The totals of 

analyses are generally less than 100 %， suggesting oxidation of them at the earth's surface. 

The FejS ratios of pyrrhotites range from 0.87 to 0.90， though most of them are close to 

0.875， the value of Fe7Ss・Thepyrrhotites with FejS ratio of nearly 0.875 are monoclinic， 

while the pyrrhotites with the higher value of it exhibit the X -ray powder pattern 

intermediate between monoclinic and hexagonal pyrrhotites. Table 16 shows analyses of 

pyrrhotites. 

Carbonaceo前 matter(ITAYA， 1981) 

Pelitic schists of the Sanbagawa terrain are black colored by the ubiquitous presence 

of carbonaceous matter， and in the field the name of "black schist" is often used instead 

of pelitic schist. Carbonaceous matter is amorphous carbon in the lower-grade area of the 

chorite zone. The degree of graphitization advances with the grade of metamorphism until 

the higher-grade part of the biotite zone is reached， where carbonaceous matter close to 

the well-ordered graphite occurs. Table 17 shows analyses of carbonaceous matter with 

regard to C， H， 0 and ash. Atomic ratios of C， H and 0 are recalculated to 100.0 %. 
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Abbreviations used in Tables 1-17 are as follows. 

(Tables 1-1'7) PE= BS二二basicschist， SL = siliceous 

zone， GAR = garnet zone， 310 = biotite 20n民 TH=Toshio

83 

CHLニニchlorite

1'1=1'抗告umaruItaya， K:u二日itachXMA -5A of thεKanazawa 

TU=二J，EJU， uI the University uf SM=Shimazu 

of Universal type of the Tohoku University. 

(Table L}) (G)ニ palegreen colored LH''"5'''U，ニ 'q.'WC.uc"， garnet. 

5) (RH) = replacing rep1acing garnet. 

7) 

composite aggregate with 

= forming composite 

=110t 

二

vvith rutile and 

日)= v"ith ilmenit民 (L)ニ larnellaein ilmenite， 
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Table 18， IV1ineral and cOlTelations betwεen J~;，f 0:3 use~::1日出18
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