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箸沢産の石棺石スカルン中に産する単斜角閃石は， 化学分析の結果含カリウムバルガス閃石

で比較的Si02含有量の低いものである。また，共存する透輝石はA'203に富んでいる。これら

は丹沢山地の中心に露出する石英閃緑岩の貫入に伴う ドロマイト質石灰岩の交代作用の産物

で，比較的珪酸分に乏しい高温条件下での産物である。また，丹沢山地ではこの岩体に伴われ

る金属の鉱化作用の痕跡がない。バルガス閃石のFe'+Fe＇＋置換体にあたるへイスチング閃石

は，スカルン中に産するものはしばしば著しい金属鉱化作用を伴っている。従って，含カリウ

ムパルガス閃石は金属鉱化作用を伴わない証拠ともなり得る。また，インド、産のパルカごス閃石

に富み含アルミニウム透輝石を含む岩石では，バルガス閃石は今回のものよりも Si02~·こ富み

A'203に乏しいが，含アルミニウム透輝石は逆で今回のものより Si02に乏しくA'203に富んで

いる。

Abstract. The average of four microprobe analyses of potassian pargasite m a 

garnet skarn from Hokizawa, Yamakita machi, Kanagawa Prefecture, is Si02 

38.33, Al203 16.69, Ti02 0.57, Fe203 4.01, MgO 12.65, FeO 11.68, MnO 0.19, CaO 

12.82, Na20 1.88, K20 2.20, Cl 0.09，ー0=C'20.02, total 98.01%, after the allotment 

of Fe into FeO and Fe203 using the basis of total of octahedral+ tetrahedral 

cations= 13 and positive charge=46. The anhydrous formula after this base is 

(Naos4Ko.42Cao.os) ~ 101 Ca2oo(Mg2s1Fe2+1.01 Alos4f e3+ 04s TioosMnoo2) H99A'2 oo(Sis 71Alo 29) ~ s.oo 

023. or precisely a subsilicic potassian pargasite. The X-ray powder pattern is 

indexed on a monoclinic cell with a=9.929A, b= 18.080A, c二 5.330A，戸

= 105.9°. The chemical analysis of aluminian diopside in association with 

potassian pargasite is . Si02 47.44, Al203 7.03, Ti02 0.30, Fe203 3.90, MgO 11.77, 

FeO 4.15, CaO 25.02, total 99.61%, after the same allotment of Fe on the basis of 

total cations=4 and positive charge=l2, giving Ca1oo(MgossFe2+013fe'+o11Alo99 
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Tioo1h 1oo(SiusAl022h 2000s. The Al203 contents in diopside range from 2 to 10 

wt.%. That of grossular is . Si02 37.64, Alz03 11.15, Fe203 14.95, Ti02 0.63, FeO 

1.20, MnO 0.61, CaO 33.62, total 99.80%, after the same allotment of Fe on the 

basis of total cations= 8 and positive charge二 24,giving (Ca2ssFe勺 osMn～o4h3oo
(Alio5Fe3+os0Tioo4h 1ssSi3oo012, or a ferrian grossular. The skarn was derived 

from dolomitic limestone due to the intrusion of a quartz-diorite mass exposed in 

Tanzawa Mountains 

INTRODUCTION 

Hokizawa is one of the most famous localities of skarn minerals not only in Kanagawa 

Prefecture but also in Japan due to the occurrences of vesuvianite (Yoshiki and Watanabe, 

1932), diopsid巴（Kamiyama,1934a), monticellite (Kamiyama, 1934b), wollastonite (Kamiyama 

and Katayama, 1934), tobermorite and plombierite (Matsubara, 1980). Most of them are 

found in dumps derived from unspecified exposures probably developed long the contact 

of a quartz diorite mass occupying an extensive area in Tanzawa Mountains with 

limestone, which is partially dolomitic. As seen in the natures of described minerals, most 

of skarn forming minerals were produced under higher temperature and silica-poorer 

conditions, where the effects of retrograde stages might have existed. The studied 

material was collected by the first author in a dump accumulated along the river course of 

the River Naka, which has the drainage involving exposures of quartz diorite, skarns and 

metamorphic rocks 

After the microprobe analyses, the essential constituents of the examined materials are 

found to be potassian p且rgasite,aluminium diopside, and ferrian grossular. The first one 

is characterized by its lower Si02 and rather high K20 contents worthy of description 

under the name potassian pargasite, or precisely subsilicic potassian pargasite (Leake, 

1978). The X-ray powder pattern is compared with that of potassium pargasite from 

Einstodingen, East Antarctica (Matsubara and Motoyoshi, 1985), which has a similar but 

slightly smaller cell, the difference being ascribed to the lodging of smaller octahedral and 

tetrahedral cations 

Although the locality is so prolific in skarn minerals, no remarkable metallic ore 

deposits are developed around the contact aureole of the quartz一dioritebody. Clinoamphi 

boles in skarns accompanying metallic mineralization contain more FeO十Fe203than the 

present material, or they correspond to hastingsite, the Fe2+Fe'+ analogue of pargasite. It 

seems that the content of FeO+ Fe203 in the present pargasite is too low to accompany 

metallic mineralization, which was not accompanied by the quartz diorite plutonism 

OCCURRENCE 

The studied material is a piece of skarn dominated by reddish brown massive 

grossular with many greenish grey specks composed of two minerals, or less dark to light 
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grey and darker grey ones. The former is observed to be rather granular, and the latter is 

tabular to fibrous under the magnifier, the maximum dimensions being a millimeter across 

and a few millimeter long, respectively. These correspond to aluminian diopside and 

potassian pargasite, respectively. The grossular masses involve minor composites of latter 

two, but the aggregates of latter two involve no grossular grains 

In thin section grossular forms aggregates apparently composed of rather equigranular 

grains, all of which are devoid of birefringence. Potassian pargasite forms nearly 

monominerallic aggregates composed of prisms or intergrowths with prismatic aluminian 

diopside grains, which forms larger rectangular grains, too. Also, minute grains of 

potassian pargasite are included within grossular grains (Fig. la and 1 b). Potassian 

pargasite is moderately pleochroic with axial colours changing from very pale grey to bluish 

grey. 

CHEMICAL ANALYSES 

Chemical analyses of potassian pargasite, aluminian diopside and grossular were made 

by employing Link Systems energy dispersive X-ray spectrometer as given in Table 1 

Three chemical analyses of potassian pargasite are tabulated. All of them have KzO 

contents high enough to be attached with the adjective "potassian” Among pargasite 

analyses, the present ones, especially No.2, belong to those with lower Si02 content, which 

allows the usage of adjective “subsilicic”（Leake, 1978) as well as the figure of average, 

and suggest the existence of compositional continuity to magnesio-sadanagaite (Shimazaki 

et al., 1984), this being unusually potassium dominant and silica poor clinoamphibole 

together with its Fe'+ analogue, in these no Na dominant analogues being known to 

date. The allotment of Fe'+ and Fe'+ in the present analyses is based on the total of the 

octahedral and tetrahedral cations to be 13 and of the total of cationic valency to be 

46. Pargasite with similar Si02 content is known in eclogite, though this contains more 

Al203 and Na20 and less CaO and KzO (Bocchio, 1977). As to KzO content in pargasite, 

Matsubara and Motoyoshi (1985) described potassium pargasite with K/(K+Na)=0.63 in 

granulite from Einsti:idingen, East Antarctica. They drew Fe'+ /(Mg+ Fe'+) Iく／（K+Na)

diagram on which the chemical compositions of their pargasitic hornblend巴 andpotassium 

pargasite of the same genesis are o口 anear linear line with a positive gradient. If the 

chemical composition of the present pargasite is plotted on their diagram, the point is so 

remote from the line, probably reflective of the fundamental difference in _geologic 

condition. 

The chemical analysis of diopside intergrown with potassian pargasite is given in 

column No.4. While diopside grains with rather rectangular outline in thin section have 

wider range of Al203 content as given in column Nos. 5 and 6. The basis of calculation 

of empirical formula is the total of cations to be 4 and that of positive charge to be 

12. It is worth mentioning that the analysis Nos. 5 and 6 has the relation Fe3+ >Al in the 

octahedral site, indicating the capability of taking up Fe'+ in place of Al. All the analyses 
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Fig. la. Potassium pargasite(P)(upper 

half) with aluminian diopside 

(D)(near rectangular grain in 

the center) and ferrian grossu-

lar(G)(down half). One polar 

Field view: 1.33 x 1.75mm 

Fig. I b. Ditto. Crossed polars 
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Table 1. Chemical analyses of potassian pargasite, aluminian diopside, and ferrian grossular 

Weight perce旦笠笠：（・： calculated)

2. 3. 4. 5. 6. 7 

Si02 38. 33 37.69 39. 21 4 7. 44 52. 55 44. 3 l 37. 64 

Al203 16. 69 17. 63 15. l 0 7. 03 2. 15 9. 92 l L 15 

Ti02 0. 57 0. 55 0. 43 0. 30 0. 26 0. 80 0. 63 

Fe203 4. 01 3.81 3. 7 4 3. 90 l. 81 7. 10 14. 9 5 

FeO 8. 10 8. 61 7. 85 4. 15 0. 65 1. 92 1. 20 

MgO 12. 65 11. 89 13.68 11. 77 16. 34 IL 01 

MnO 0. 19 0. 44 0. 61 

Cao 12. 82 12. 62 12. 94 25. 02 2 6. 11 25. 08 33. 62 

Na,O l. 88 l. 92 l. 98 
K,O 2. 20 2. 16 2. 14 

Cl 0. 09 0. 17 

Sum 98. 03 97. 09 97.07 99. 61 100. 31 100. 14 99.80 
-O=Cl2 0. 02 0. 04 

Total 98. 01 97.05 

Empirical for皿ulae: (l.～3.: anhydrous basis 日巴glecting Cl) 

1. Potassian pargasite. Mean of 4 analyses. (Nao. s•Ko .,Cao. os)" 01Ca2 oo 
(Mg,_ s 1Fe2+1 o ,Alo .• • Fe3 ＋。 •5Tio. osMno. 02) u. 99Al2. oo (Si5. 11Alo. 29）玄6 。。023

2. Ditto. The SiD2 lowest analysis. (Nao. ssKo . • ,Cao. 03)"' 00Ca2 oo 
(Mg2 ssFe2+ 1 oaAl 0・11Fe3令。 oTio.os) r5. 00Al2. oo (Sis. ssAlo. 35) LS 。。023

3. Ditto. The SiD2 highest analysis. (Nao 51Ko ... Cao 02)"' 00Ca2. 05 

(Mg3_ o.Fe2+o. 9sAlo. s1Fe3+o . .,Tio. 05) r5 00Al2 oo (Si5 s5Alo 15) rs. 00023 

4. Aluminian diopside. Pri S田sin direct contact with potassian pargasite. 

Cai. oo (Mgo. ssFe2＋。 13fe3＋。 a1Alo. 09Tio 01)r1 oo(Si, 1aAlo. 22)u。。o.

5. Ditto. A rectangular grain. The Al2D3 lowest analysis. 

Ca, 02 (Mgo •• Fe3＋。 o5Fe2+0 02Mno. 01Tio 01）玄o98(Si1 92Alo. os) u.。。o.

6. Ditto. The same grain as 5. The Al203 highest analysis. 

Ca, o , (Mg o. • , Fe 3 + o. 2 o A 1 o. , o Fe 2 ＋。 osTio 02) >:o. 99 (Si, ssAlo. 34）玄2。。Os.

7. Ferrian grossular. (Ca2 ssFe2+0. osMno. o•) u. oo (Al, osFe3+o. •oTio . o• ）玄 I 9 9 

Si3. 00012 

demonstrate the coupled substitution of Al(Al,Fe3+) for (Mg,Fe)Si very clearly, although 

minor Ti may require the excess of tetrahedral Al for charge balance in such a 

monovalent cation free case 

Grossular is to contain higher Fe203 content, indicating that the formation of the 

present skarn was made under rather oxidizing condition. The microprobe survey informs 

the chemical inhomogeneity to be very small if present. The calculation of empirical 
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2. 
I dobs. hkl 
2 l. 960 190 

281 
510 
191 
242 
530 
0. 10.0 
2. 10. 0 

312 
223 
551 
082 
550 
262 
481 
601 
451 
333 
480 
1.11.0 
531 
500 
620 
l. 11. 1 
243 
173 
l. 11. 1 
192 
551 
540 
0. 12. 0 
513 
153 
442 
4. 10. 1 
661 
650 

Table 2. X ray powder pattern of potassian pargasite and potassium pargasite 
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Cu/Ni radiation. l. Pot出 sianpargasi te. Hokizawa, Kanagawa Prefecture. 
Diffractometer method. The present study. 
2. Pot出 siumpargasite. Einstodingen, East Antarctica. Cu/Ni radiation. 
Diffractometer method. After Matsubara and Motoyoshi (1985). 
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formula is based on the total cation=8 and the total cationic valency=24. Seeing from 

the ratio of total metallic cations to Si is close to 5:3, the substitution of H1 for Si is 

unlikely. 

The degrees of inhomogeneity of three examined silicates vary significantly despite the 

close co-existence. They are to increase in the oreder of grossular, potassian pargasite, 

and aluminian diopside if the ranges of mole percents of end member formulae are taken 

into consideration 

X-RAY POWDER STUDY 

A few fractions of potassian pargasite were examined by X-ray powder diffractometer. 

All them are essentially identical, the pattern of best quality is given in Table 2 in which 

it is compared with that of potassium pargasite from Einstbdingen, East Antarctica 

(Matsubara and Motoyoshi, 1985). From the indexing the cell parameters are calculated 

as: a=9.929A, b二 l8.080A, c = 5.330A, f3 = 105.9°. The slightly larger unit cell edges than 

those of the latter will be due to the higher contents of tetrahedral Al relative to Si and 

of octahedral Fe'+ relative to Mg and the other cations. 

The powder patterns of aluminian diopside forming visible aggregates are close to that 

given in JCPDS Card No.11 654. 

The powder pattern of ferrian grossular consists of rather sharp peaks even in the 

higher angle region. The coincidence of calculated d-values using a cubic cell with a 

ニ ll.942A with observed ones (Table 3) will be due to the less inhomogeneous nature and 

to the lesser degree of deviation from the cubic symmetry, if present 

DISCUSSION 

Here, two matters are considered. One is the comparison with skarns accompanying 

metallic mineralization represented by the existence of hastingsite, which has higher FeO 

and Fe203 contents, concluding that pargasite is to be involved in skarns without 

accompanying metallic mineralization. The other is the consideration on pargasite-diopside 

association, which is also found in higher grade metamorphic rocks. 

Despite the frequent and extensive occurrence of skarn minerals around the acidic 

plutonic body located in the center of Tanzawa Mountains, the development of metallic ore 

deposits is very poor or essentially null. The obtained results enable to compare the 

mineral with hastingsite, which corresponds to the Fe2+fe3+ analogue of pargasite and is 

found in skarns accompanied by metallic mineralization due to activities of acid 

intrusive. As far as our literature survey informs, pargasite and its potassium bearing 

derivatives do not accompany any significant metallic mineralization, serving as a proof of 

barren skarn. The comparison of hastingsite in skarns accompanying metallic 

mineralization with the present potassian pargasite informs that the higher FeO, Fe203 and 

Si02 contents in the former may be responsible for metallic mineralization. 
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Table 3. X ray powder pattern of ferrian grossular 

’Ei
 

n《
U
A
性

1
1
一ハ
U
n
u
n
u
n
U
つ
’u
つ
’h

n

U

1ム

n
u
t
－
A
U

L
n
一
つ
白
内
U

勺
占
つ
ム

q
J
？
ω
l
A
守
U

A
せ

1
1
ワ’
M

L
U

一qru
凋
性
勺
J

凋
唖

η
J
A斗

F
h
u
F
h
υ
A
q
p
o
p
o

一q
L
円

i

z

d

n

U

P0

0

0

ワ
ム

n
u
t
i
η
i
o
o

－－今ム
o
o

－－円
l

泊
せ

っ
d

AUT

o
o

－－

q
d
oo

a

一ηノ臼
n
u
d
n八
u
p
h
υ
F
h
d
凋
仏
皐

η

、u
’iム
胃

l
ム

nud

nパ
U

C
F

・

－

・d
一
AUZ
？

“

今
，“

？

M
つ
’u
つ
’’u
η
ι

つ
臼

ハ
ノ
旬

1
i
1
A

－q毛u
n

，a
a仏
Z
A
HU
η
’
’

ηr
’
ハ
ノゐ

A
Hv

n／
M
P
h
u
o八
u

e
－nべ
υ
n
x
u
nノ
臼
巧
，
e
a
A『
A

qtu
凋
は
孟

の
八

U

’lム
qt
υ
nκ
u

b

－qL
Q
d
o
O
E
U
F
b
A
u
z

q
J

・i
1
i
Q
d
Q
u

o
－

－

－

－

－

 

－円
U
一
aA宮

qノ“

内ノ
白

内
／
臼

ηノ
白

内
／
M

qf’u

qノ
M
η／
M

’14
旬
l
よ

一q
u
F
h
d
q
L
h
U
0
6
A
U

凋
性

丹、
U

1
i
o
D
凋
性

Y
1

一

F

D

n

U

η

J

’i
1
よ

1
ム

一

’

’

i

n

r

h

a

n

τ

 

Fh
d

rh
d
 

phlu

「
h
u

一

，

，

1
1ム一

a刈
守

口

H
u
q合
U

q〆十
M
A
H
U

’14
n
uv

nH
v
qノ
“

aA1

’14

L
R
一－aせ
a
性

η
J
a斗
A
n
u

－－

E
U
凋斗

d
q
p
h
u
F
h
d

弘

H
一－a
q
ρ
h
U
F
O
R
u
n凸

o
o
p
h
u

o凸
。
D

E
u
o
o

－sι
T
A
n
h
U
F
h
d
p
h
u
q
t
u
n
H
U
円

t
t
Fhd
η

、u
qぺ
d

n可
υ

I
一
つ
白

E
U
ワ

白

日

コ

日

3

円
l

内
U

q
J
円
U

勺
I

E

u

a
一
7
g
p
O
F
O
R
d
A
U
2
凋

q
A
U
τ
n，J

つ
d
q
L
つ
’M

c
－

－

－

 

A
U

一1
i
1
i
1
A
1
i
1
i
1
i
1ム

1
i

’I
1

i

1

i

－n《u
p
h
u
phl
u
p
h
v
内
屯

υ
A
H
V
O八
U
Fh
d
今
、

υ
η
ぺ
υ

n可
d

e一
n
f臼

FhJv

nノ
臼
円
可
υ

nHd

ηJ
e
A
H
v

qtu
ハ
HU
司

t
’
Fhd

b
z
i
p
o
p
o
p
h
d
A砧
E
A
u－

AUτ

つ
d
q
J
つ
ム

n
L

o
－
－

－

－

 

A
U

一1
i
t
i

－－
s
i
t
i
t
i

－－
1
i
1
i
1
i

’i

－ph
u
nノ
“
内
／
M
巧，
t

n可
υ
内ノ
lM
1
ι
i
oバ
u
q
tυ
η

、υ
句』ム

一

q
L

q
J

a = 11. 942A 

Table 4 Chemical analyses of pargasite and fassaite from India and of potassian pargasite and 
aluminian diopside from Hokizawa 

2. 3. 4. 

Si02 42.05 38. 33 46. 52 47.44 

Al203 15.86 16. 59 10.07 7.03 

Ti02 0. 76 0.57 0.32 0.30 

Cr203 0. 12 0.06 

Fe203 2.36 4.01 2. 22 3.90 

FeO 8.35 8. 10 5. 26 4. 15 
MgO 14. 18 12. 65 11. 45 11. 77 

陥10 0.21 0. 19 0.31 

Cao 10.98 12.82 22.58 25.02 

Na20 2. 52 l. 88 0. 27 

K20 0.83 2.20 0. 15 
H20+ l. 28 0.28 
H20- 0. 12 0. 12 

F 0.08 
Cl 0.09 

ーO=F2.Ch 0.035 0.02 

99.665 98.01 99.61 99.61 

1. Pargasi te. Agan訓 pudi, India. After Rao and Rao (1981). 
2. Potassian pargasite. Hokizawa, Kanagawa Prefecture. Same as column 1, Table 1. 

3. Fassaite (=aluminian diopside). Agan訓 pudi. India. After Rao and Rao (1981). 

4. Aluminian diopside. Hokizawa, Kanagawa Prefecture. Same出 column4, Table 1. 
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The assosiation of pargasite and diopside is also found in metamorphic rocks of higher 

grades. After Rao and Rao (1981), a pargasite-rich rock from Aganampudi, India, contains 

60% pargasite, 39% fassaite ( = aluminian diopside), and 1 % spine!. The rock is from a 

charnockite region and its metamorphic origin is very likely. In Table 4 the chemical 

analyses of pargasite and fassaite are compared with the present materials, column Nos. I 

and 4, Table I being selected. The most notable differences in pargasite analyses are the 

lower Si02 and higher A'203 contents than the Indian material, whereas the present 

diopside has higher Si02 and lower Al203 contents than the Indian material. Therefore, a 

cross cutting relation of joins connecting the Al/(Si +Al) ratios of two minerals between 

two pairs comes out. In the present material, the variable Al203 contents in the examined 

diopside grain reveal the inhomogeneity, which has been reserved even after the 

subsequent formation of potassian pargasite. The multi staged formation of diopside with 

different Al203 contents is very likely and a part of the products co-existed with potassian 

pargasite. At the present stage, the discussion on the cross-cutting relation seen in the 

two pargasite diopside pairs seems meaningless. 
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