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Table 2. Analysis and formula of the gamet. 

SitAl+TitFe+s-10 
[0 =24J 

Si02 35.80 (0.42) 
Ti02 0.07 (0.06) Al 1 v o:isi;> 6.00 
A1203 19.81 (0.26) 
FeO・29.97 (0.49) Ti O. 009 > 4. 00 
IInO 5.64 (0.34) Fe+ 3 0.373 
IIg0 0.39 (0.02) 
CaO 7.67 (0.42) IIn O. 776 
Na20 0.01 (0.02) ? 09 K20 0.00 (0.01) Ca 1. 336 

Na 0.003 
Total 99.36 K 0.001 

亙olepercent end-田沼田bers

Almandine 63.8 
Spessartine 12. 7 
Pyrope 1.5 
Andradite 9.4 
Grossular 12.6 

FeO' denotes total Fe as FeO. 

The figures in parentheses indicaie the standard deviations. 

Table 3. Analysis and formula of the homblende. 

Si02 

Ti02 

A1203 
FeO* 
M:nO 
M:gO 
CaO 
Na20 
K20 

Total 

15eNK indicates the cations normalized to 15 ex-
c1uding Na and K. 

Formula 
C15eNK) 

38.44 (1. 12) Si 6.294 
0.96 (0.09) Al1 V 1. 706 
11. 48 (0. 76) Sum T 8. 000 
29.06 (0.82) API 0.509 
0.60 (0. 02) Ti 0.118 
1. 70 (0. 13) Fe+3 0.317 

10.80 (0. 46) M:g 0.415 
1. 13 (0.05) Fe+2 3.641 
1. 47 (0.10) Sum C 5. 000 

Fe+2 0.021 
95.64 M:n 0.084 

Ca 1. 895 
Sum B 2.000 
Na 0.358 
K 0.307 
Sum A O. 665 

Total 15. 665 

FeO* denotes toal Fe as FeO. 

estimated optically by Koide (1958). Or content is 

less than 2 mole percent. The maximum minor e1e-

ment contents are as fo11ows: TiO， =0.04; FeO=0.21; 

MnO=0.04 and MgO=0.03wt. %， respectively. 

2. Garnet 

A verage of 10 analyses is shown in Table 2. An es-

timate of the Fe+3 content of a garnet analysis may 

be obtained by recalculating on the basis of Si + Al + 
Ti + Fe +3 = 10 per formula unit (Kutsukake， 1993). 

Cations total near1y 16 (Table 2)， indicating this 

recalculation to be not unreasonable. This garnet has 

ca. 64% almandine component. Mn and Ca are also 

important: 13% mole percent is spessartine and 13% 

mole percent is grossular. 

The refractive index (R.L) determined by Koide 

(1958) is n= 1.803. 

3. Hornblende 

A verage of 7 analyses is given in Table 3. To esti-

mate Fe+3 content， formula was calculated on the ba-

sis of L.Ca=15 exc1uding Na and K (Stout， 1972). 

This recalculation of minimum Fe+3 seems reason-

able， as the Fe +3 /Fe +， of the host rock is low (:=:::;0.2). 

Plotting onto the c1assification diagram of calcic am-

phiboles by Leake et al. (1997)， this hornblende fa11s 

in the ferropargasite field (Fig. 6). According to 

Koide (1958)， this hornblende gives α= 1.700 and 

2Vx=490 • 

4. Biotite 

A verage of ten analyses is given in Table 4. This 

biotite is fair1y Fe-rich and moderate in Ti content. 

The structural formula was calculated as if a11 iron is 

ferrous on the basis 22 (0). This biotite is c10se to 

annite end member. R. 1.:α= 1.608 and r = 1.680 

(Koide， 1958). 

5. Pyrite 

Opaque minerals are mostly pyrite. Three analyses 

1. Plagioclase of pyrite have been averaged. It gives a formula of 

Ten analyses are plotted onto the Or-Ab-An trian- Fe ・(ASo聞， SI叫)1.961・

gle (Fig. 5). The most calcic core composition 

ranges from An32 to An43. They are mostly sodic 

andesine. They fa11 within the compositional range 
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Fig. 6. Plot of hornblende in the garnet-bearing tonalite 
onto the classification diagram of calcic amphi-
boles CLeake et al.， 1997). Solid circle indicates 
the averag巴value.

Discussion 

The metamorphosed mafic rocks bearing ferrous 

minerals have been found from the Ryoke selt 

(Y oshizawa， 1952). Also the occurrence of ferrous 

minerals has been known in the granitized 

metabasites incorporated in the Ryoke granitoids 

(Iwao， 1937， 1940). 1 reported the tonalitic rocks 

bearing the ferrous minerals and including a number 

of REE minerals from the Mitsuhashi Granite in the 

Toyone-mura area (Kuts此 ake，1993). The mineral-

ogy of these rocks is quite similar to that of the 

garnet-bearing granitoids of this study. 

The crystallization of almandine-rich garnet in the 

granitoids requires the low oxygen fugacity condi-

tions (Calk and Dodge， 1986; Liggett， 1990; 

Kutsukake， 1997a)， and also the pr田 ence of 

ferropargasite indicat回 high-temperaturecrystalli-

zation. As a matter of fact， the amphibole-

plagioclase geothermometer (Blundy and Holland， 

Table 4. Analysis and formula of the biotite. 

t万τ22J

Si02 32.00 (0.56) Si 
Ti02 2.71 (0.28) AIIV 2.515 
A1203 14.74 (0.61) AjY' 0.463 
FeO' 31. 94 (0.95) Ti O. 349 
MnO 0.32 (0.07) Fe 4.577 > 5. 71 
MgO 2.18 (0.14) Mn O. 046 
CaO 0.01 (0. 02) Mg O. 279 
Na20 0.06 (0.02) Ca 
K20 8. 69 (0. 29) Na O. 021 ~ 1. 92 

E 1. 901 
Total 92. 65 

FeO本 denotestotal Fe as FeO. 

lization of this granitoid. 

The texture of the microdiorite (MD) also suggests 

its magmatic crystallization， on the contrary to 

Koide's (1958) interpretation of its metamorphic 

recrystallization. Koide (1958) regarded these 

garnet-bearing granitoids to be the products of 

“granitization characterized by garnet" of meta開

mafic rocks. However， the temperature of crystalliza-

tion estimated above favors the liquidus rather than 

subsolidus crystallization for these garnet-bearing 

granitoids. 

Whole-rock major司 andtrace-el~ment chemistry 

: indicates the different origin of these rocks from the 

host Kiyosaki Granodiorite. As mentioned above， 

the mafic and intermediate rocks with high Fe/Mg 

ratios and their associated garnet司bearinggranitoids 

have been found as enclosed by the Ryoke granitoids 

from several localities. These rocks would represent 

a somewhat different magmatic activity from and 

prior to the main Ryoke granitoid magmatism. 
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(要旨)

沓掛俊夫:三河地方領家帯の清崎花筒閃

緑岩中の含ざくろ石花商岩質岩.

清崎花闘閃緑岩体中の微閃緑岩質包有岩に貫入

す る中粒花関閃緑岩 (~~ 1.5m) は， シュリーレン状

のトー ナル岩質の部分 とともにざくろ石を含む.

トーナル岩は， ざくろ石の他にフ エロパーガス閃

石と アンナイト質の黒雲母を含む. これ らの ざく

ろ石を含む岩石は，非常に高いFe/Mg比と Zr，Sc， 

YやREEの高い含有量をも っている.推定される

形成条件か らみて， これ らは従来考えら れていた

ように苦鉄質岩の花闘岩化作用の産物ではなく，

火成岩と考えられる.他地域からも報告されてい

る領家花園岩中に包有される鉄に富む苦鉄質岩類

やそれに伴う 含ざくろ石花関岩質岩は， 主要な領

家花商岩類の活動に先行するマグマ活動の産物で

ある可能性が高い.


