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AssrRAcr

Nickeloan manganoan subcalcic actinolite occurs in a
metachert of epidote amphibolite facies of the Mineoka belt,
Japan. Ni varies inversely to Mg + total Fe; it occurs al
the M(1,2,3) positions. The subcalcic character of the
amphibole is largely due to the thodite-dannemorite com-
ponent and, subordinately, to an alkali amphibole com-
ponent.

Keywords: nickeloan manganoan subcalcic actinolite,
metachert, epidote amphibolite facies, Mineoka belt,
Japan.

SoMMarns

Une actinote d6ficiente en Ca, nickeleuse et manganeuse,
se prdsente dans un m&achert i facies amphibolite e 6pi
dote de la ceinture Mineoka, au Japon. La teneur en Ni
varie en proportion inverse de la somme des teneurs en Mg
+ Fe total; le Ni occupe les positions M(1,2,3). La d6fi-
cience de I'amphibole en Ca est due, principalement, au
constituant tirodite-dannemorite et, subsidiairement, d un
constituent d'amphibole alcaline.

(Iraduit par la R€daction)

Mots-cl€s: actinote hypocalcique a teneur en Ni et Mtr,
m6tachert, facies amphibolite A 6pidote, ceinture
Mineoka, Japon.
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The Mineoka belt, located on the Boso Peninsula,
near Tokyo, is a Cenozoic tectonic belt mainly com-
posed of serpentinite mdhnge, which contains blocks
of various kinds of igneous, metamorphic and
sedimentary rocks (e.9., Aru et al. 1983). Metachert
and metasandstone occur as deformed lenses in a
metabasite block (several metres across) at
Kamogawa harbor, at the eastern end of the Mineoka
belt (Kanehira et al. 1968), The metamorphic rocks
constiluting the block are severely crushed and have
the appearance of breccia or even s:uldstone.
However, the original prominent schistosity can be
observed in the uncrushed.parts. The K-Ar age of
muscovite in a metasandstone lens is 38 Ma (Yoshida
r974).

The metabasite contains hornblende, epidote,
oligoclase (An2r, titanite and pyrite, and belongs to

TABI;E 1. CSEI.IICAL COIi{POStTIOlltr OF NL-ldn SUBCAIJCIC

ACTINOI,ITE !'IO!,I TsE I.TIIiEO(A BELT, i'APAN
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5 3 . 6 7  5 4 . 0 0  5 4 . 7 7  5 3 . 0 3  5 5 . 5 1  5 4 . 0 1  5 6 . 7 6

0 . 0 0  0 . 0 3  0 . 0 0  0 . 0 0  0 . 0 1  0 . 0 0  0 . 0 1
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0 . 0 2  0 . 0 0  0 . 0 4  0 . 0 3  0 . 0 1  0 . 0 0  0 . 0 0

6 . 0 2  7 . 2 L  5 . 8 1  6 . 7 0  5 . 4 S  7 . 2 2  6 . 5 6

6 . 8 4  6 . 4 L  3 . 9 0  4 . 1 3  5 . 9 3  4 . 9 9  3 . 5 8

16.61  15 .ss  16 .49  L6 .22  L7 .7 I  L6 .66  L7 .95

6 . 5 1  6 . 3 5  8 . 8 7  
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0 . 1 1  0 . 0 7  0 . 1 2  0 . 1 3  0 . 1 4  0 . 1 4  0 . 0 3

2 . O 9  2 . 0 7  2 . O L  2 . 0 0  0 . 9 5  0 . 8 6  0 . 6 0

INTRoDUCTIoN

Subcalcic actinolite of unusual composition yas
found in a metachert of the epidote amptritdttd,
facies from the Mineoka belt, central Japan. Thd
amphibole contains appreciable amounts of Ni and
Mn; its compositional variation is described here to
examine the behavior of Ni2+, whose distribution in
amphiboles is not well charasterized (Chigareva e/
al. 1969, Hawthorne 1983). Ni-bearing amphibole
has not been reported, except for a synthetic nicket-
fluor-richterite 1: sodian nickel-magnesio-
cummingtonite according to Leake (1978)l (Fedoseev
et al. l97o).
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Tota l  96 .02  95 .06  97 .57  95 .69  9a .54  96 .99  97 .60

catl-a@ on the ba€Ls gf, 23 o:<yEon atoe
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NA

7.846 7 .962
0 . 1 5 4  0 , 0 3 8
o.L96 0 .294
0 . 0 0 0  0 . 0 0 4
0 . 0 0 2  0 . 0 0 0
0 . 7 3 5  0 . 8 8 9
3 . 6 2 0  3 . 4 1 9
0 . 2 4 6  0 . 2 4 6
0.200 0 .149

1. .020 1 .003
0 . 3 3 2  0 . 3 4 6
0 . 2 6 8  0 . 0 6 9
0 . 0 2 0  0 . 0 r 4

7 . 4 2 4  7 . 7 6 r
0 . 1 7 6  0 . 2 3 9
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0 . 0 0 5  0 . 0 0 4
0 .  s 1 3  0 . 8 2 0
3.5r2  3 .540
0 . 2 3 1  0 . 2 3 5
0 . 1 4 S  0 . 1 6 4
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0 . 3 1 8  0 . 2 8 3
0 . 1 7 6  0 . 2 6 4
0 . 0 2 3  0 . 0 2 4

7 . 8 3 1  7 . 7 S 0  8 . 0 0 5
0 . 1 6 9  0 . 2 2 0  0 . 0 0 0

0 . 2 8 5  0 . 2 6 6  0 . 2 1 4
0 . 0 0 t  0 . 0 0 0  0 . 0 0 1
0 . 0 0 1  0 . 0 0 0  0 . 0 0 0
0 . 7 9 5  0 . 8 7 0  0 . 7 7 4
3 . 7 2 4  3 . 5 7 8  3 . 7 7 5
0.107 0 .1-00  0 .068
0 . 1 1 6  0 . L 8 6  0 , 1 6 9

0.592 0 .422 0 .259
0.999 L . !66  L .477
0.409 0 .4L2 0 .264

0 . 2 6 3  0 . 3 4 0  0 . 0 2 4
0 . 0 2 6  0 . 0 2 5  0 ; 0 0 6

Feo* iltl I'e*: total J-roD aa !'eo and l'e, reslpcttvgly.

*t iletemLred by eLectron-nLcroprobe analysis.



476 THB CANADIAN MINERALOGIST

o
N
l l
o
tr
o

C'
.J

'M

FIG. l. Extent of the solution of alkali amphibole and
Mg-Mn-Fe amphibole in subcalcic actinolite (Arai &
Hirai 1985). EM, number of atoms of Mg + Fe* +
Mn + Ni + Al + Ti based on 23 oxygen atoms. Sym-
bols: cum Mg-Mn-Fe amphibole, rieb riebeckite, gl
glaucophane. Fe* refers to total iron.

the epidote amphibolite facies. The metasardstone
consists of quartz, oligoclase (Anll), K-feldspar,
biotite, muscovite, epidote and hematite (fuai &
Hirai 1985). The metachert is greyish rose-pink in
hand specimen, and the orieinal bedding plane is
preserved in the uncrushed part. It is composed of
quartz, spessartine, hematite, allanite and amphi-
bole; the latter occurs as minute (< lCP x 20 pm)
prisms and is very pale green in thin section.
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Ftc. 3. Relationship between Ni and Mg + Fe* in subcal'
cic actinolite. Fe* refers to total fuon.

CHEMISTRY AND CRYSTAL DATA

The chemical composition of the amphibole prisms
was determined by electron microprobe Clable 1).
The amphibole is nickeloan manganoan subcalcic
actinolite u"gelding to Leake (1978), although there
is sicnificant grain-to-grain chemical heterogeneity
Clable l). The ratio of alkali amphibole to Mg-Mn-
Fe amphibole components is roughly unity in the
subcaliic actinolite (Fig. 1).The Fe3+ contents are
expected to be low, and thus iron is treated as Fd*.

Ni shows a poor correlation with Ca (Fig. 2) but
has a clear negative correlation with Mg + Fe* (Fe'N
total iron; Fie. 3). Mn and Na at the M(4) position,
show, respestively, strong and weak antipathetic var-
iations with Ca (Fig. 2). I$n at the M(4) position
correlates positively with Mg + Fe* + Ni - 2.5Ca
(: Mg + Fe* + Ni, constituting the components
other than tremolite-ferroac{inolite at M(1,2,3) posi
tions; Fig. 4).

A single crystal of the amphibole (No. 7 of Table
l) was removed from the thin section, and unit-cell
parameters were measured by four-circle dif-
fractometer using MoKcu radiation (50 kV' 160 mA)
as follows; a 9.95Q), b l8.MQ), c 5.29 (l) A, g

t .0 1.5
Cq on O=23

FIc. 2. Relationships between Ca and Mn (M4),Na(M4)
and Ni in subcalcic actinolite.

0.2 03 04 0.5 0.6 0.7
Mn(M4)

Ftc. 4. Relationship between Mt (M4) and EM* (= Mg
+ Fe* + Ni - 2.5Ca) in subcalcic actinolite. Mg + Fe*
+ Ni - 2.5Ca approximates the sum of cations at the
M(1,2,3) positions constituting the Mg-Fe-Mn
amphibole component.
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104.1(3)". Other crystals were found to be too small
to handle for single-crystal work.

Dtscussron

Figure 3 clearly suggests that Ni is substituting for
Mg + Fe* in these amphiboles. As Mg and Fet are
the predominatrt constituents of the M(L,2,3) posi-
tions in amphibole of this general type (Hawthorne
l98l), this would indicate that Ni occupies the
M(1,2,3) positions. The subcalcic character of the
amphibole is attributed largely to the substitution of
Mn2(Mg,Fd+ )jSisO22(OH)2 (tirodite-dannemorite)
(Fie.  ) and, subordinatelyn to that of alkati amphi-
bole @ig. 2). This tendency is prominent in the
strongly subcalcic (Ca - I for 23 oxygen atoms)
actinolite compositions (Figs. 1, 2).

The unusual composition of the present amphi-
bole is mainly due to the composition of the source
chert, enriched in Mn and Ni relative to Ca, Al, Mg
and Fe. Ni is one of the most co[lmon heavy-metal
elements coprecipitating with Mn and Fe in modern
oceanic hydrogenous metalliferous deposits @onatti
et al. 1976). Ni is also concentrated in deposits of
bedded manganese ore associated with chen
(Watanabe et al. 1970).
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