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Introduction 

The specimen used in this study was collected from the Ryoke metalnorphic rock 

at Wakagashi by one (S.M.) of the authors during the summer of 1975. It containes 

rhodonite， spessartine， manganoan cummingtonite and manganoan actinolite as main 
constituent minerals. These minerals outside of manganoan actinolite are common in 

manganese ore deposits in Japan， but their compositions were magnesium rich in com-
parison with those reported up to now. These manganese silicates have been very rarely 

repo制 fromthe metamorphic rock in the central part of the Ryoke belt (SUWA， 1961; 
HIROWATARI， 1968). We are very interested in their constituent minerals and their 

modes of occurrances 

Rhodonite occurs as one of the inlportant and abundant manganese ore minerals 

from various types of manganese deposits， such as metamorphosed bedded manganese 

ore body， hydrothermal polymetallic vein type deposits and pegmatite. Rhodonite also 

occur in one of rock-forming minerals with contact-metamorphosed calc-silicate rocks. 

Spessartine is rather less common than many of the garnet species. Although the spes-

sartine molecule is often present in significant amount in almamdine from granites and 

from metamorphic rocks， especially those of contact aureoles， it is rarely dominant in such 
environments. Garnet in which spessartine is the principal molecule are found in some 

skarn deposits and frequently occur in manganese-rich assembleges， with rhodonite， pyr-

oxmangite， tephroite， etc.， of metasomatic origin associated either with adjecent igneous 

intrusives or with a more wide spread regional metasomatism. Rhodonite and spes-

sartine occur in various kinds of geological environments as described above. It is wel1 

known that they do not show pure MnSi03 and Mn3A12Si3012 respectively， and always 
contain in a varying amount of Ca2+， Fe2+ and Mg2+ substituted for Mn2+. The changes 

of mineralogical properties due to cationic substitution have been wel1 studied. How-

ever， the relationship between the compositions and the conditions of formation of these 

two minerals has not been so well studied. 
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On the other hand， manganese-rich amphiboles occur in relatively -restricted environ-

ments. Manganoan cummingtonite is present in son1e amphibolities of regionally meta-

morphosed manganiferous sediments) and also in the eulysites and in the contact meta-

morphosed manganese deposits. The modes of occurrences from many localities in Japan 

are restricted to“Yakeno Type" manganese deposits intimately associated with the Ryoke 

belt and “Kaso Type" (YOSHIMURA & MOMOI， 1961). Both types named and classified 

by YOSHIMURA (1967)， are considered to be manganese deposits formed at a high tem-

perature and under a“high pressure"， which may be up to 4-5 Kbar. Manganoan 

actinolite containing more than 5 wt% MnO is very rare. DEER et al. (1963) pointed 

out that high contents of manganese are rare particularly in magne~ium-rich members of 

tremolite-actinolite series， and manganoan tremolite， hexagonite， containing about 1 wt% 

MnO occurs in some metamorphosed calcareous rocks. YOSHIMURA (1939) and TANIDA 

et al. (1978) reported manganoan actinolite containing more than 5 wt% MnO from the 

Kaso mine and the Nodatamagawa mine respectively. These two occurrences are from 

“Kaso Type" manganese deposits in either case. 

In this study， the authors will clarify the mineralogical properties of these manganese 

minerals， and discuss the condition and the process of formation from genetical point of 

vlew. 

Outline of geology and petrography 

The Wakagashi area is situated in the Ryoke metamorphic belt in Osaka Prefecture， 
being south of the Izumi city. Fig. 1 shows a geological sketch map of the Wakagashi 

area and the locality of the specimen. The Ryoke belt in this area has been studied in 

detail by MASAOKA and the Research Group for the Ryoke belt (1978) and YAMADA et 

al. (1979). According to them， the Ryoke granitic rocks in this area divided into two 
facies， Takijiri adamellite and Konoyama gneissose granodiorite. Takijiri intrusive ex-

posed in the southern part of this area is the younger granite， and shows massive or slight-
ly gneissose texture and scarcely shows a evidence for mylonitization. On the other hand， 
Konoyama intrusive exposed in the northern part is the older granite and shows a strongly 

gneissose texture and often shows a evidence for mylonitization. The metamorphic rock 

which has been considered to be derived from chert and sandstone shows occurrence such 

as a roof pendant of Konoyama intrusive. The constituent minerals of this gneiss are 

quartz， plagiolase， biotite， spessartine-almandine garnet and graphite. It is not clear 

whether this gneiss was formed with a regional metamorphism， or with a contact meta-

morphism due to the younger granite intrusive and or with the infiuence of both meta-

morphism. Garnet in gneiss shows a characteristic chemical zoning which is similar to 

those from the Talωo and Hazu areas (ONO， 1976)・ Judging from the chemical nature 

of garnet alone in gneiss， this gneiss may be formed with a regional metamorphism. Under 

the microscope，quartz in gneiss and in rock containing four manganese minerals shows a 

strong undulatory extinction， but recrystallized texture was not observed. These facts 

may show that this gneiss had not been subjected to the influence of a contact metamor-
phism due to the younger granite . 

• 
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Fig. 1. A geological sketch map of the Wakagashi area， Osaka Prefecture. 

1 : Plio・Pleiostceneand Osaka group. 2: Izumi group. 3: Medium-grained biotite adamellite. 
4: Takijiri adamellite. 5: Sennan group and granite porphyry. 6: Konoyama gneissose 
granodiorite. 7: Phy11ite and hornfels. 8: GneIss. 9: Fault. 10: Locality of the specimen. 

、Mineral description 

The rock specimen col1ected from the gneiss consists of quartz， rhodonite， spes四

sartine， sphene and minor amount of apatite as primary crystallized minerals， and also 

contains manganoan cummingtonite， manganoan actinolite， (Mn， Ca， Fe) carbonates and 
oxides and fllinor amount of Fe-sulfide as alteration produω(see Pl幻e1 and 2). In 

this section， we wil1 describe the mineralogical properties of rhodonite， 
manganoan cummingtonite and manganoan actinolite in detail. 

Rhodonite 

spessartlne， 

， 

It is 

and (100) 

The mineral is ahundant and forming the greater proportion of the specimen. 

light-pink to brownish-pink in colour， and has distInct cleavages parallel to 
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(010). Cleavage surface sometimes attains a length of 10 mm. Under the microscope， 
it is colourless， and the altered minerals， Ca-Fe-Mn carbonates and oxides， are along the 

cleavages. The optical properties， unit cell dimensions measured by the single crystal 
precession photographs and the specific gravity calculated by the unit cell dimnesions and 

the chemical composition are as follow; 

α=1.720， s=1.724， r=1.7338， 2V=700 (670-720
)， 

a=6.67A， b=7.66A， c=12.21A， 

α=111.600， s=85.570， r =93.650， Dca1c=3.61 g/cm3
• 

The chemical analysis was done by electron probe microanalyser， JXA-5A. The results 

calculated by using the α-factors given by NAKAMURA and KUSHIRO (1970) are listed in 

Table 1 and are plotted in Fig. 2. Total iron and manganese from electron probe anal-

ysis are calculated as Fe2+ and Mn2+ respectively. However， as the ferric iron and the 

Table 1. Chemical analyses of rhodonite and spessartine from Wakagashi. 

2 3 4 5 6 7 8 9 

Si02 47.30 46.43 47.42 47.50 47.33 46.58 46.73 46.53 36.68 

Ti02 0.02 0.02 0.02 0.03 0.03 0.01 0.0 0.0 0.19 

A120a 0.07 0.04 0.0 0.0 0.04 0.04 0.03 0.04 20.59 
FeO* 8.07 8.16 7.94 8.02 7.94 7.16 7.70 7.50 5.10 
恥inO** 34.33 35.21 36.10 36.03 35.79 38.71 37.91 37.54 32.41 
MgO 4.48 3.86 3.73 3.71 3.52 1.97 1.78 1.73 1.11 
CaO 6.01 5.82 5.72 5.89 5.81 6.29 6.87 7.30 5.12 
Na20 0.02 0.02 0.05 0.03 0.02 0.0 

Total 100.30 99.56 100.93 101.18 100.46 100.81 101.05 100.66 101.20 

Numbers of ions on the basis of 15(0) for rhodonite and 12(0) for spessartine 

Si 4.937 4.919 4.946 4.944 4.958 4.928 4.929 4.933 
Al 0.008 0.005 0.006 0.006 0.006 0.004 
Ti 0.002 0.001 0.002 0.002 0.002 0.0 0.001 0.001 
Fe+2 0.704 0.723 0.693 0.698 0.696 0.664 0.634 0.680 
恥1n+2 3.035 3.159 3.190 3.176 3.176 3.367 3.469 3.389 
Mg 0.697 0.610 0.581 0.576 0.505 0.273 0.310 0.281 . 
Ca 0.673 0.661 0.639 
. 

0.657 0.652 0.829 0.713 0.777 
Na 0.005 0.004 0.005 0.011 0.007 

Molecular ratio MnO: CaO: FeO: MgO 

h在nO 59.4 61.3 62.5 62.2 62.6 67.7 66.1 65.6 
CaO 13.2 12.8 12.5 12.9 12.9 13.9 15.1 16.1 
FeO 13.8 14.0 13.6 13.7 13.7 12.4 13.3 12.9 
MgO 13.6 11.8 11.4 11.3 10.8 6.0 5.5 5.3 

Analyses 1-8，rhodonite ;9，spessartine-*:Total Fe as FeO，榊:Total Mn as MnO， 
一一一:Not determined. 

2.956 

1.956 
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trivalent manganese contents are usually low， they are negligible for al1. rhodonite. 

Rhodonite is divided into two sreies with respect to the composition. One of two 

series contains about 5-6 mol. % of MgSi03， and the other contains about 11-14 mol. %， 

but both series of rhodonites contain the same amount of FeSi03， and the former con-
tains slightly larger amount of CaSi03 than the latter. However， the former is rather 
rare and consists of small grain enclosed in quartz and does not associate with spessartine， 
as far as we are aware. Among the natural rhodonite， so far studied， the maximum con-
tents of Ca2+， Fe2+ and M i+ are about 20 mol. % as CaSi03， about 26 mol. % as FeSi03 

and about 15 mol.% as MgSi03 respectively (MOMOI， 1964). However， the maximum 

content of (Fe， Mg)Si03 component is not rnore than 25 mol. % except for the rhodonite 
from Langban by SUNDIUS (1931a)， and Mn-poor rhodonite which contains less than 

about 70 mol. % of MnSi03 is generally iron-rhodonite， and the rhodonite containing 
more than 10 mol.% of MgSi03 is very rare. Mn-poor rhodonites and some of common 

rhodonites reported until now are illustrated in Fig. 2 together with the rhodonites in 

this study. Although it is well known that varing amount of Ca2+， Fe2+ and Mi+ sub-

stitute for hfn2+in the rhodonite structureas desじribedabove， it has never been reported 
such rhodonite as from Wakagashi which contains from 11 to 14 mol.% of CaSi03， FeSi03 

and MgSi03 respectively (see Fig. 2). Thus， rhodonite from Wakagashi is very infre-
quent， and contains Mg equivalent to the magnesium rhodonite intergrown with diposide 

from Langban by SUNDIUS (1931a). On the other hand， it is generally saying that the 

physical properties of rhodonite depend on the amounts of the Ca and Mg components， 
but the effect of the substitution of Mn by Fe appears to be slight (HEY， 1929， many 

other studies). The optical properties， unit cell dimensions and specific gravity were 
measured and calculated by using the rhodonite grain containing 11-14 mol. % of MgSi03・
The results obtained in this study are in good agreement with those given by HEY (1929)， 
SUNDIUS (1931a) and NAMBU et al. (1978). 

Spessartine 

The mineral is abundant and forms euhedral crystals. It is from 0.1 to 0.3 mm  in 

dian1eter. The colour is pale-yellow. Spessartine often contains black solid inclusions 

which are not identified. The optical property， unit cell dimension and specific gravity 

are as follow; 

nd =1.805， a=11.641土0.003A， Dca1c=4.08 g/cm3• 

、. • 

As the compositions of garnets analysed are nearly equal， one of the compositions is given 
in Table 1 together with rhodonites. Compositional changes of garnet crystal could not 

be detected by electron probe scan. A1though total iron and manganese from electron 

microprobe analysis are calculated as Fe2+ and Mn2+ respectively， the amounts of Fe3+ 

and Mn3+ in garnet can be estimated fairly well from the deficiency of trivalent elements 

after Al has been considered. There is virtually no Fe3+ and Mn3+ substituting for Al， 

and so the andradite and blythite component are regardless as negligible for garnet. The 

pyrope component is usually low in spessartine garnet， and is contained baout 4 mol. % 

• 
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in the Wakagashi spessartine. The compositions of spessartine from Wakagashi is similar 

to those from the “Yakeno Type" spessartine， but is clearly di百erentfrom those of the 

“Kaso Type" spessartine containing a considerable amount of the andradite component 

(YOSHIMURA， 1967). 

Manganoan cummingtonite 

The occurrences of manganoan cUlnmingtonite are two types. Manganoan cum-

mingtonite in rhodonite occurs as an alteration product after a part of rhodonite， and has 
a certain orientational relationship with rhodonite (see Plate 2). On the other hand， it 
occurs as a fibrous aggregate associated with mangnoan actinolite around the rhodonite 

and spessartine mass. Manganoan cummingtonite in rhodonite is from 0.01 to 0.1 mm 

in length， and has a short prismatic shape. 1 t in a fibrous aggregate is about 10 nun in 

length and its colour is light-pink or pale-green， but pale-green fibrous crystal may be 

manganoan actinolite described later. The optical properties， unit cell din1ensions of 

manganoan cummingtonite intergrown with rhodonite by the single crystal precession 

method and specific gravity are as fol1ow; 

α=1.647，メ1=notdetermined，γ=1.669， 2V =780， 

a=9.87A， b=18.22A， c=5.31A， s=102.830 

Dωc=3.15 g/cm3
• 

The chemical compositions are listed in Table 2 and are plotted in Fig. 3. The 

composition of manganoan cummingtonite from Wakagashi is one of the richest for the 

Mg content among the many analysed manganoan cummingtonites in the past (Rabbitt， 

¥
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Fig. 3. Chemical composition of manganoan grunerite-cummingtonite. The given data 
are selected menbers containing more than 20 mol. % of Mrトcompomentand 
magnesium-rich members. 

Manganoan grunerite-cummingtonite cited from the literatures. 1-4， YOSHI-
MURA (1952); 5， YOSHIMURA and MOMOI (1961); 6， SUNDIUS (1924); 7， BAUR and 
BERMAN (1930); 8， NAMBU et al. (1973); 9， NAMBU et al. (1969); 10， JAFFE et a1. 
(1961); 11， KOBAY必 HI(1977); 12-14， KLEIN (1964); 15， RABBJTT (1948); 16-17， 
SEGELER (1961); 18-20， BILGRAMI (1956); +， present study. 
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Table 2. Chemical analyses of manganoan cummingtonite and manganoan actinolite 

from Wakagashi. 

2 3 4 

Si02 52.71 54.21 54.49 54.41 

Ti02 0.04 0.04 0.04 0.04 

A1203 0.14 0.14 0.12 0.15 

FeO* 9.24 8.94 9.75 7.64 

h任nO** 13.25 12.23 11.14 6.05 

加Ig0 17.13 16.82 15.55 16.28 

CaO 3.17 4.40 4.78 10.25 

Na20 

Total 95.68 96.78 95.87 94.82 

Numbers of ions on the basis of 22(0) 

Si 7.893 7.975 8.079 8.027 

Al 0.024 0.025 0.021 0.026 

Ti 0.004 0.004 0.004 0.005 

Fe+2 1.157 1.100 1.209 0.942 

h在n+ 1.681 1.523 1.398 0.755 

Mg 3.822 3.688 3.437 3.580 

Ca 0.509 0.693 0.759 1.620 

Na 

Molecular ratio FeO: MgO: MnO: CaO 

FeO 16.1 15.7 17.8 13.6 

h在gO 53.3 52.7 50.5 51.9 

h在nO 23.4 31.7 20.5 10.9 

CaO 7.1 9.9 11.2 23.5 

Analyses 1-3， manganoan cummingtonite;←5， manganoan actinolite. 
教:Total Fe as FeO，料:Total Mn as MnO，一一一:N ot determined. 

5 

54.45 

0.14 

11.22 

6.66 

14.15 

10.86 

0.04 

97.52 

7.980 

0.024 

1.375 

0.827 

3.091 

1.705 

0.012 

19.6 

44.2 

11.8 

24.4 

1948; Y OSHIMURA & MOMOI， 1961; J AFFE et al.， 1961; SEGELER， 1961; KLEIN， 1964; 

NAMBU et al.， 1969 and 1974 and KOBAYASHI， 1977). As the present nomenclature of the 

cummingtonite-grunerite series is confused and inadequate， the nomenclature of the iron-

magnesium-manganese cumnlIngtonite-grunerite series used in this paper is similar to 

that suggested by JAFFE et a1. (1961) and KLEIN (1964). Manganoan cummingtonite 

refers to (Mg， Mn， Fe)7Si8022(OH)2 with Mg>Fe and more than 10 mol.% of man-

ganoan component. Cummingtonite is usually low in the content of CaO， however， 

manganoan cummingtonite from Wakagashi contains various and considerable amount 

of CaO. 

Manganoan actinolite 

Manganoan actinolite occurs as a fibrous aggregate， and may be an alteration product 
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of rhodonite. Its colour is pale-green and the fibrous crystal is about 10 mm  in length. 

U nit cell dimensions and specific gravity could not be obtained because of the fibrous 

aggregate intimately associated with manganoan cummingtonite. The optical properties 

are as follow; 

α==1.6440， s==not determined，γ==1.6643， 2V ==840(820-860
). 

The chemical compositions are listed in Table 2， and shown in Fig. 4 together with those 

reported by YOSHIMURA (1939)， TANIDA et al. (1968)， KLEIN (1966) and SEGELER (1961). 

Manganoan actinolite from Wakagashi is the richest in the Mg content. Manganoan 

actinolite from the high grade tnetamorphosed manganiferous sediment at Labrador by 

KLEIN (1966) is slightly richer in the Mg content than that of Wakagashi， but is far less 

in the Mn content than the latter (see Fig. 4). This fact may show that manganoan 

actinolite containing more than 5 wt. % of MnO from Wakagashi is the richest member 

in the Mg content for the tremolite-actinolite series. 

ロ

0-0  
F~O 20 40 MOL.。ん 60 MgO 

Fig. 4. Chemical composition of manganoan tremolite-actinolite. 
口;MgO: FeO: (1¥在n，Ca)O ratios. ・;MgO: FeO: MnO ratios. 0; Mgj(Fe + 1¥在g).
K : Kaso mine， Gunma Prefecture， YOSHIMURA (1939). 
N : Nodatamagawa mine， Iwate Prefecture， TANJDA et al. (1978). 
L : Labrador， Canada， KLEIN (1966). 
T : Talcvil1e， U.S.A.， SEGELER (1961). 
W: Wakagashi， Osaka Prefecture， present study. 

Condition of formation of “M任 poor"rhodonite 

It is di伍cultto discuss the condition of formation of rhodonite by using its com-

position alone because the composition field in MnSi03-CaSi03-FeSi03-MgSi03 system 

is considerably large (MOMOI， 1964). However， among a nUlnber of studies of the Mn-

poor rhodonite in the past， those reports by SUNDIUS (1931a)， HENDERSON and GL必 S

(1936)， HIETANEN (1938)， RUSSEL (1946)， BILGRAMI (1956) and MASON (1973) suggest 

that the Mn-poor rhodonite formed at a high temperature and under a high pressure. 

The reports by YOSHIMURA (1938)， MOMOI (1964)， NAMBU et al. (1978)， etc. in Japan also 
indicate that the Mn-poor rhodonite formed at a high temperature and under a“high 
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• p戸reωss叩ur代e'ぺ，ヘ. These facts are supported by the synthetic expriment“s in the sy戸st伐emCaS臼i03-

Mn凶Si03-FれeS臼iO

According to the results of their experiments， rhodonite-pyroxmangite申 clinopyroxene圃

olivine-quartz四 Mn-cummingtonite-talcappear depending on the temperature and with 

decreasing order of Mn content， and rhodonite stable region expanded toward Fe2+ and 

Mg2+ side with rising tempe凶 U民 TheWakagashi rhodonite contains about 11-14 

mo1. % of MgSi03 which is near the maximum content of MgSi03， and it also contains 

about 25 mol. % or nlore of (Fe，Mg) Si03 which is the maximum content in natural 

rhodonite (see Fig. 2). MOMOI (1973) discussed the Mg content of the natural rhodonite 

and pyro氾nangite. Pyroxmangite is generally regarded as a low temperature polymorph 

of rhodonite， and its structure favours Fe2+ and Mi+ in comparison with the rhodonite 

S鈎t仕rucω此 Ac伽CωC∞Oωr吋di吟n時gtωoM恥OM削Oω1(仰1ω97均3勾)， pyrωoxmang伊i比tecontaining about 1口1一-12m凶01.%

OぱfMgS臼i03from the τT、a勾guω1κchi吋imine and from the Kinko mine formed a幻tmore than 55叩OOCC 

and under 2 Kbar. Mason also discussed the crystallization of the Broken Hill man-

ganese silicate by using the composition of coexisting bustamite and hebenbergite， and 
estimated that the equilibrium temperature is approximately 6500C under 6 Kbar， which 

is arbitrary chosen value， but is reasonable judging from the characteristics of the sur-
rounding rocks. The Wakagashi rhodonite may be strongly surmised to crystallize at 

about 550-650oC and 2-6 Kbar. These crystallization temperature and pressure are in 

good agreement with those estimated from the metamorphic rock of amphibolite grade 

by using garnet-cordierite pair at Takato (ONO， 1977a). 

Crystallo・chemicalconsideration on the distribution of cation between rhodo-

nite and spessartine 

lt is well known that the composition of minerals reflects the bulk rock composi-

tion， and is strongly subjected to the influence of the coexisting minerals (ESCOLA and 
KERVINEN， 1936; MIYASHIRO， 1953; KRETZ， 1978 and many other studies). There is 

spessartine as a primary mineral associated with rhodonite at Wakagashi. The partition 

of the cations， i.e. Ca2+， Mn2+， Fe2+ and Mg2+ between rhodonite and spessartine is of 
interest. Especially， MIYASHIRO (1953) discussed the distribution of Mn2+， Fe2+ and Mi+ 

in garnet (pyralspite) and associated minerals on the basis of the crystal chemistry. Each 

of the Mn2+， Fe2+ and Mg2+ ion in pyralspite is surrounding by eight 02-ions. An eight 

coordination position in the crystal structure may be appropriate for such large ions as 

Ca2+ and Mn2+ to enter， but is less appropriate for such smaller ions asFe2+ and 

especia11y Mg2+. The ordinary coordination number of Fe2+ and Mg2+ ions is six. 

Thus， the concentration of Mn2+ and also Ca2+ in pyralspite is a strong tendency in 

a11 case. lt suggests that the pyralspite structure favours Mn2+ and also Ca2+ in com-

parison with Fe
2
+ and Mg2+ for the crystallo-chemical consideration. On the other hand， 

there are one seven-coordination position and four six田 coordinationpositions in the 

rhodonite structure (PEACOR and NIIZEKI， 1963). Therefore， Fe2+ and especially Mt+ 

may preferentially enter into the rhodonite structure， and Ca2+ favours with spessartine， 
but also favours with rhodonite on the basis of crystallo-chemical reason. MASON (1973) 

• 
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Fig， S. Ca: (Fe + Mg): Mn  ratios (atomic) in coexisting garnet (口)and rhodonite (0)， 

B : Broken Hill， Australia， MASON (1973). 
S : Simsio， Finland， HIETANEN (1938). 
K : Kaso mine， Gunma Prefecture， YOSHIMURA (1939). 
W: Wakagashi， Osaka Prefecture， present study. 

suggested that the spessartine in equilibrium with rhodonite has similar Ca : Mn : Fe ratios. 

The compositions of the coexisting rhodonite and spessartine from four localities are 

plotted in Fig. 5. The compositions from Wakagashi can not be directly compared with 

those from the other loaclitites because of the large different amount of Mg. Mi+ is 

smaller ionic radius， therefore it wil1 play a similar crystallo-chemical role with Fe2+ which 

is also smaller than Mn2+. The tie lines between rhodonite and spessartine locate sim-

ilar positions in the Ca-Mn-(Fe， Mg) diagram except for the Ca content. The difference 

of the length of tie lines mainly depends on the concentration of Fe and especially of Mg 

in rhodonite. These facts concerning the distribution of Ca2+， Mn2+， Fe2+ and Mt+ 

show in good agreement with the requirment from the crystallo四 chemicalreason. There-

fore， the result may show that the rhodonite and spessartine of Wakagashi have crystal1ized 
in equilibrium. 

Stability of spessartine 

The compositional field of pyralspite may become larger from compositional rich in 

Mn2+， to those rich in Fe2+ and further to those rich in Mi+， with increase in pressure. 

Especially 1¥任nOcontent of garnet is considered to be sensitive to change in pressure 

(MIYASHIRO， 1953). However， TILLEY (1938) and HI訂 ANEN(1967 and 1943) suggested 

that the almamdine and spessartine garnets may crystallize from suitable composition of 

rock at high grade. BLOXAM (1959) and JUNNER (1927) repo~ted that spessartine as a 

stable mineral has fornled in metachert associated with gloucophene schists and in man-

ganiferous rock associated with kyanite schists respectively， and those spessartincs contain 
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about 5 mol. % of pyrope component in eithre case. HUT'τTO 

(1938) also reported that spessartine has formed in manganiferous schist and in mangan-

iferous part associated with schistose quartzite respectively， and those pyrope components 
were about 1 mol.%. On the other hand， SUWA (1961) reported that the rhodonite and 
spessartine from the highest grade part of the Ryoke metamorphic rock in the Mitsue 

area， Nara Prefecture， occur only in psammitic rock rich in Mn. The mode of occur-

rence from Mitsue seems to be very similar to that of Wakagashi. These examples 

strongly suggested that the rhodonite and spessartine of Wakagashi stably occur in man-

ganiferous part in the surrounding gneiss. The minor amount of pyrope component in 

spessartine of Wakagashi and other localities can be well eXplained by the distribution 

of cations between garnet and coexisting minerals. 

Absence of chemical zoning 

Garnets in the surrounding gneiss show a characteristic chemical zoning similar to 

those from the Talωo and Hazu areas (ONO， 1976). However， spessartine associated 
with rhodonite does not show compositional changes. Why was compositional change 

absent， nevertheless spessartine would have formed under the same condition with the 
surrounding gneiss? It may be eXplained by the bulk rock composition and crystallo四

chemical consideration. The distribution of elements between rhodonite and spessartine 

would be controlled by the crystallo-chemical rule. In the manganiferous part in which 

spassartine has formed， the manganese supply would be su伍cientduring the growth. 

Therefore， spessartine may imply the maximum content of Mn2+ under a certain physical 

condition. The relatively small amount of Ca2+， Fe2+ and Mt+ will distribute between 

rhodonite and spessartine in conformity with the crystallo-chemical rule as has been 

stated， and may not exert a strong influence upon the chemical zoning. Furthermore， 
the period of the garnet growth may be short because of the smal1 crystal size and the 

somewhat rounded crystal surface. Therefore the change of physical condition may be 

small. It is surmised that these things stated above result in the absence of chemical 

zoning ln spessartlne. 

The formation of manganoan amphiboles 

Under the microscope， it is clear that manganoan cummingtonite and manganoan 

actinolite formed after the crystal1ization of the rhodonite and spessartine. -However， 

among the number of studies， those reports by SUNDIUS (1924， 1931 b)， YOSHIMURA (1938)， 

YOSHIMURA and MOMOI (1961)， KLEIN (1964， 1966) and KOBAYASHI (1977) suggest that 

manganoan amphiboles especially manganoan cummingtonite intimately intergrown with 

rhodonite is considered to form at a high temperature during theretrograde metamorphism 

or the high temperature contact metamorphism due to the younger granite. Judging 

from the character of quartz in gneiss and in rock containing manganese minerals， man-

ganese amphiboles from Wakagashi are considered to be formed by the action of water 

during the retrograde metamorphism. They would be formed by the following reaction 
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for the formation of manganoan cummingtonite intergrown with rhodonite and of man-

ganoan amphiboles occurred as fibrous aggregate respectively， 

rhodonite十H02+C02一→ manganoancummingtonite+Si02+(Ca， Fe， Mn) carbonates 
and oxides， 

rhodonite + H20 + CO2一→ manganoancummingtonite十manganoanactinolite+ Si02+ 

(Mn， Fe， Ca) carbonates and oxides. 

where (Ca， Fe， Mn) carbonates and oxides and (Mn， Fe， Ca) carbonates and oxides were 
qualitatively confirmed by electron probe microanalyser. 

Summary 

We found rhodonite， spessartine， manganoan cummingtonite and manganoan actino四

lite from the Ryoke metamorphic rock at Wakagashi， Osaka Prefecture. The optical 

properties， unit cel1 dimensions and specific gravity were measured and calculated. Chem-

ical analysis of these four minerals have been made by means of electron probe micro-

analyser. Each of minerals except for spessartine is magnesium rich member. Rhodo-

nite froln Wakagashi contains from 11 to 14 mol. % of MgSi03 equivalent to magnesium 

rhodonite from Langban (SUNDIUS， 1931)， and the contents of Mg and (Fe， Mg)Si03 

are virtual1y maximum in the natural rhodonite. Manganoan actinolite containing 5 

wt. % MnO is the richest member in the Mg content among the tremolite-actinolite series. 

Special attention is drown to some clue to the genesis of rhodonite and spessartine as a 

primary mineral in the manganese rich part in gneiss. It was clarified that the rhodonite 

and spessartine had formed in equilibrium and under the same physical condition with 

the surrounding gneiss on the basis of the Mg and also (Fe， Mg) contents in rhodonite 
and of the partition of Ca2+， Mn2+， Fe2+ and Mg2+ between rhodonite and spessartine. 

Spessartine stably occurs at high grade metamorphism when the bulk rock composition 

and coexisting minerals are suitable. The absence of chemical zoning in spessartine 

associated with rhodonite was eXplained by the crystallo-chemical reason and by the 

su伍cientsupply of manganese during the growth. Manganoan amphiboles would be 

formed in replacernent of a part of rhodonite during retrograde metamorphism after the 

crystallization of rhodonite and spessartine. 
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. Explanatio~' of Plate 1 

Fig. 1. Rhodonite-spessartine-quartz-manganoan amphiboles assemblage. Polirized light. 

Fig. 2. Same view in crossed nicols. Note the strong undulatory extinction of quartz . 
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Explanation of Plate 2 

Fig. 1. Photomicrograph showing the intimate intergrowth of rhodonite (grey part) and manganoan 

cummingtonite (light part). Dark interstitial materials釘 ecarboneceous and oxidized 

matters. Crossed nicols. 

Fig. 2. Rhodonite-spessartine-sphene assemblage. Polirized light. Note the euhedral spessartine 

and i ts rounded crystal surface. 
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