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Ansrnecr

Jadeite was found in meta-gabbroic rocks of the sanbagawa metamorphic terrain in
the Sibukawa district, central Japan. veins chiefly composed of jadeite were also found in
the meta-gabbro. Metamorphic minerals associated with the jadeite are lawsonite, pumpel-
lyite, chlorite, vesuvianite and grossularite. Besides these minerals, small amounts of
quartz, sodic plagioclase, analcite and calcite were found, but it is not clear whether these
minerals are in stable association with the jadeite.

The chemical, optical and *ray data of jadeite and some associated minerals are given.
The jadeite was formed probably under high water pressure at low temperature during

the Sanbagawa metamorphism. The desilication of its host-rock by the associated ultra-
mafic rock may have promoted its formation.

INrnooucrroN

The Sanbagawa metamorphism is a typical glaucophanitic regional
one widely developed in central and south-western Japan. The Upper
Paleozoic formation, composed of pelit ic, psammitic, cherty and cal-
careous sediments and mafic volcanic rocks was transformed into crystal-
l ine schists by regional metamorphism. The metamorphic terrain can be
divided into several zones showing the progressive change of metamor-
phic grade (Seki, 1958a; Miyashiro and Seki, 1958a; Miyashiro and
Banno, 1958; Seki, Aiba and Kato, 1959a and 1959b). Mafic and ultra-
mafic intrusives such as those of dolerite, gabbro, peridotite and ser-
pentine are often observed in this metamorphic terrain. These intrusive
rocks were probably emplaced prior to or during the regional meta-
morphism. No granitic intrusive can be seen in any part of the meta-
morphic terrain. The age of the Sanbagawa metamorphism has not been
determined, but several geological evidences show that the metamor-
phism was completed before the deposition of the lower Cretaceous for-
mation.

In low-grade parts of the metamorphic terrain, glaucophane, lawsonite
and pumpellyite commonly occur. In January, 1959, the writers found
jadeite in crystall ine schists and meta-gabbroic rocks in the Sanbagawa
metamorphic area of Sibukawa district, Sizuoka Prefecture, central
Japan (Fig. 1).

In this paper, the mode of occurrence and mineral assemblages of the
jadeite-bearing meta-gabbroic rocks are described and the genesis of the
rocks is discussed.
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Frc. 1. Map showing the distribution of Sanbagawa metamorphic rocks'

OurrrNr oF GEoLoGY

I : Epidote-pumpeilyite-actinolite-glaucophane'
II : Epidote-garnet-actinoiite-glaucophane'
III: Epidote-edenite.

In the first zone, there are some areas elongated parallei to the generai

trend of the schists where lawsonite and glaucophane are stably asso-

ciated with epidote and. pumpeilyite (dotted areas in Fig' 2)' This min-

eral assemblage may r"pres"ttt that of the "lawsonite-pumpeilyite-

epidote-glaucophane subfacies" defined by Miyashiro and Seki (1958b)'

Several masses of mafic and ultramafic intrusives are present in these

serpentinite.
ih. 1ud"it.-bearing meta-gabbro was found within the serpentinite

masses closely associated with the crystall ine schists of the lawsonite-

pumpellyite-epidote-glaucophane subfacies (triangular marks in Fig' 2)'
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F.rc' 2' Metamorphic zoning of the sanbagawa crystalline schist area in the Sibukawa

district.

_f 
: Epidote-pumpellyite-actinolite_glaucophane.

_II: 
Epidote-garnet-actinolite_glaucophane.

IIf: Epidote-edenite.

In the dotted area within Zone r, rawsonite and jadeite occur in crystalline schists. The
triangular marks in the serpentinite masses (spj represent locarities of jadeite-bearing
meta-gabbro Full lines and broken lines repreient faults and boundaries between the
metamorphic zones respectively.

A-detailed geologic map of the south of Nisikuroda is shown in Fig. 3.
M: Mesozoic formatiorr.
T: Tertiary formation.

J_Lonro_leeRrNG NIETA_cABBRo

Six exposures of the jadeite-bearing meta_gabbro have been found in
this area and there are probably many more, because meta-gabbro is
common in the ultramafic masses. The jadeite-bearing meta-gaf,bro is in
all cases completely surrounded by highry sheared and selpentinized
ultramafic rocks of lenticular or dike-rike form. 'r 'he maximum width is
10 meters (F ig.3) .

The meta-gabbroic bodies are commonry separated by a slickensided
surface from the surrounding serpentinite;. However, the writers found
an exposure which appears to show an intrusive reration of the gabbro to
the serpentinites (Fig. 4).

- 
Granular augite crystals less than 3 mm. in diameter are commonly

found in the jadeite-bearing mera-gabbro. The augite, which is the onry
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Frc. 3. Geological sketch map showing the distribution of jadeite-bearing meta-gabbro

in a serpentinite mass of Nisikuroda-Higasikuroda, Sizuoka Prefecture, Japan.

J: Jadeite-bearing meta-gabbro.

Sp: Serpentinite.
Ps: Pelitic schist.

relict mineral, shows weak wavy extinction and has innumerable dust-

l ike inclusions (ruti le?). From these features the mineral can be easily

distinguished from jadeite, which is clear, and is granular, acicular or lath

shaped. The optical properties of the augite ate B--l-7ll-1.71+, (+)

2V:  49-55".
All other minerals of the rocks are of metamorphic origin. They are

jadeite, pumpeilyite, vesuvianite, grossularite, chlorite, lawsonite, seri-

cite, sodic plagioclase, leucoxene, analcite, qrartz and calcite. The last

three minerals are rare.
The chemical composition and minerai assemblage of one of these

rocks are given in Table 1. Its locality is shown in Fig. 4.

Within the jadeite-bearing meta-gabbro' veins or veinlets composed

chiefly of jadeite are often found. The veins are mostly lrom2 mm' to 5

cm. wide (Fig. a). It is usually milky white and occasionally pale green'

i\'{ost jadeite crystals have their c axis perpendicular to the wall of the

veins. The maximum length of the crystals in the direction of c-axis is

approximately 2 cm. In some veins, small amounts of sodic plagioclase,

chlorite, analcite, qu.artz and grossularite are also present besides
jadeite.

l'{rNnn.q.rocv

J adeite

Jadeite is a constituent of the meta-gabbro as well as of the veins.

These two kinds of jadeite show no difference in physical properties and

N
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T-+n'r 1 curutca' colrposr'oN aNo Mrnnnelocrca. AssoMsr,ecE oF JADETTE-BEARTNG
Mera-cassno (r-28) lnou Nrsrxunola rr.r Srzuor<a pnenacrunr, JareN

(Analysis by C. Kato)

wt .7o wt.7o

sio,
Al2o3
FezOr
FeO
MnO
Mso
CaO
NazO
KrO
HzO*
HzO-

43.49
18.52
1 . 3 7
3 . 9 0
o . 6 4
8 . 1 1

r J  . 4 J

2 . 3 4
1 . 2 2
6 . 9 4
0 . 3 0 Total

Relic augite
Pumpellyite

Jadeite
Chlorite
Lawsonite
Sodic plagioclase,
analcite and quartz
Sericite
Leucoxene

t . )

.).1

l . )

8
3

2
1
J

100

Total 100. 28

#-ray powder data (Tables 2 and 3). The r,-ray data are practically iden-
ticai to those given by Yoder (1950) and by chihara (195s). The chemi-
cal composition of the vein jadeite is shown in Table 4. The jadeite of the
meta-gabbro is usuaily acicular and rarely granular. Aggregates of acic-
ular jadeites in random orientation and chlorites are commonlv present

. . . ! , ,  q .

R O A  D

, l  m .

Frc. 4. Sketch of an exposure showing the mode of occurrence of jadeite-bearing meta-
gabbro. The location of this exposure is marked with a circle in Fig.3.

Sp: Serpentinite. The marginal part of the serpentinite is strongly sheared and slicken-
sided.

Jg : Jadeite-bearing meta-gabbro.

J: Jadeite-vein.

The cross mark in jadeite-bearing meta-gabbro represents the point from which sample
F-28 came. The composition of this sample is shown in Table 1.
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Tesrn 2. Pnvsrcer, Pnoprnnrs oF JADETTES rN META-cABBRo AND rN J,tonrrn-vnrNs
tnou Nrsrxunooa, Srzuoxa Pnnlncruno, Jlr.tw

Jadeite in metagabbroic rocks Jadeite in veins

Color to naked eye
Specific gravity

Hardness
Cleavage
d

p
^v

Optical orientation
(+) 2v
CAZ
Dispersion
Pleochroism

Colorless
Not determined
Not determined

1110 |  good
1 .654+0 .002
1.660+0.002
1 .670+0 .002
Y : b
69-73"
36"
r ( v
No

Colorless to pale green
3 . 3 0 + 0 . 0 2
6 . 5
{110}  good
1 . 6 5 6 + 0 . 0 0 2
1 . 6 6 0 + 0 . 0 0 2
1.668+0.002
v : b
68-73"
37"
r ( v
No

in thin sections of the meta-gabbro. These aggregates were probably
formed from the augite of the original rocks.

Pumpellyite

The pumpellyite in jadeite-bearing meta-gabbro is always acicular and
is colorless in thin section. Its optical ald fi-ray powder data are shown in
Table 5. The optical data show that the pumpellyite is very poor in ferric
and ferrous i ron (Coombs,  1953;  Seki ,  1958b).

Taslr 3. X-nav Pownsn Plrmnxs oF JADETTE rN Mrt.q.-G,q.slno (F-28) or'

Nrsrrunooe, Srzuoxe Prorncrunr, JnllN

d.(A) hht d(A)hhI

110
020
021
220
221
31ol
J r r J

202
o02
221
312
o22

6 .  1 9
4 . 2 8
3 . 2 5
3 . 1 0
2.919

2 .835

2 . 5 3 3
2 . 4 9 5
2.416
2.211
2. t60

1
2
u . 5
a

7

330\
33rl
+21
420
041
241
't ?,, l

s10J
150
531
MO

2.068

2 052
r.997
1.966
1 .888

r .764

1 .683
r .574
1 .552

0 . 5
< 0 . 5

J

0 . 5

I

0 . 5
1

10

4
J

3

0 . 5

Note: Peaks were indexed on the basis of a monoclinic
dimensions: a:9.46 A, a:S.SO A, c:5.25 A, A:72"s+'.

Quartz powder was used as an internai standard.

unit-cell with the following
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Tenn 4. Tnr Cnnurcll Couposrrror.r eNo Arourc Rerros or, Jeorrrr Occun-
RrNc rN A VErN rN J,llrrrn-nnnnrxc Mnra-c,q.asno (F-28),

Nrsrrunoo,r, Srzuora Pnnrncrunr, Jaeaw
(Analysis by C. Kato)

Wt.7o Atomic ratios

SiOz
Al203
Fezo,
FeO
MnO
Mso
CaO
NarO
KrO
HrO+
HrO-

59.67
23.6r
0 .33
0 .  1 6
0 .  1 6
0 . 4 7
0 . 8 2

14.24
o . 7 l
0 .  1 3
0.00

o
Si
AI
Fe" '
Fe"
Mn
Mg
Ca
Na
k

6.00
2 .02

9 ?1Io qs
u. ur l
0.001

Total 100.30

Tlsm 5. Oprrcar- Pnorunrres ar.ro X-nev Pomnn Dlra or Puupnllyrrr rn

Jaonrro-neenrNc Mrr.q.-c,t ssnorc Rocr (F-28) lnou
Nrsrrunooe, Srzuora Pnrlncrutn, Jaealt

a :1 .676+0 .0021  (+ )  2V :16 .
B :1 .680+0 .002 f r -a :0 .01 r  anx :16 " ,  r ( v ,
'y:1.688+0.002J colorless in thin section.

d(A)hkt

004
1 1 1
200
202
005
r14
204
106
204
021
206
31r
o24
312
222
J T J

4 . 7 4
4 . 6 7
4 . 3 9
4 . 1 9
3  . 8 1
3 . 5 4
J  . 4 J

3 . 1 2
3 . 0 4
2 . 9 1
a t7t

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

20
20
20
10
40
10
10
10
15

100
45
J J

20
30
I J

15

hkt d.(A)

2 2 0
2 . 1 6
2 . t r
2 . O 9
2 0 7
2 . 0 1
r . 9 2
1  . 8 9
1 . 8 8
1 .85
r . 6 9
1 6 7
I  .59
l . J /

1  . 5 5

125
026
n l t

404
1 1 8
o27
130
404
119
028
422
318
424
o . 0 . 1 2
22t0

30
(

10
10
1 5
10
10
5

5
10
10
25
20
10



IADtr:.ITE OF META-GABBROIC ROCKS IN JAPAN

Tasr-n 6. Oprrc.tr, Pnoprntrts eNp X-te'v Pomnn Derl or Tnnan Vrsu-

vrANrrES rN Jeonrrn-uraursc Met.q.-ceBBRo FRoM Ntsrr<unool,

Srzuora Pnrrocruna, Jnr.tw

675

I
YSMACK59O222O3

I . / I J

8'

I I
YSMACK59O222O4

III

YSMACK59O222O5

7 . 7 4 3
17"

d(A) I

3  .06
3 . 0 1
2 . 9 6
2 . 9 1
2 . 8 8
2 . 8 4
2 . 8 3
2 . 7 5
2 . 6 7
2 . 6 0
2 . 5 6
a  < A

2 . 4 6
2 . 3 8

m
m
s

w
w

vs
m
S

s
m

3 .08
3  . 0 1
2 . 9 6
2 . 9 0
2 . 8 8
2 . 8 4
2 . 8 3
2 7 6
2 . 6 7
2 . 6 0
z . J o

2 5 4
2 . 4 7
2 . 3 8

S

s
m

m
S

m
s
S

m

3 .06
3  . 0 1
2 9 6
2 . 9 s
2 . 8 8
2 . 8 4
2 . 8 3
2 . 7 6
2 . 6 7
2 . 6 0
2 . 5 6
2 . 5 4
1 L 7

2 . 3 9

m
m
S

m
m

VS

m

S

m
m
S

m

Vesuai.anite

Vesuvianite occurs probably in stable association with jadeite, grossu-

larite and chlorite. No vesuvianite was found in lawsonite-bearing por-

tions of the meta-gabbroic rocks. In the meta-gabbro having vesuvianite,

pumpellyite is very rare. The vesuvianite usually has tabular or acicular

forms with distinct (110) cleavage. The optical and r-ray powder data of

some vesuvianites are given in Table 6. Chemical composition of a vesu-

vianite is shown in Table 7. The vesuvianite of Column 3 in Table 6 has

strong brownish pleochroism and extraordinary high refractive indices.

Grossularite

Grossularite, always granular in form, occurs in association with

jadeite, chlorite and vesuvianite. Its refractive index and unit-celi di-

mension are as fo l lows:

n : 1 . 7 3 2 + 0 . 0 0 2
a : 11.87 A

Chlorite

All the jadeite-bearing meta-gabroic rocks have a considerable amount

d(A)
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of chlorite. The chlorite, judging from the optical properties shown be-
low, may belong to rumpfite or prochlorite.

a : 1.585-1.590, (+) 2V :10_12",

t : 1.592-1.594, Colorless in thin section.

Lazpsonite

Lawsonite, tabular in form, is rarely present. rt is in stable association
with jadeite, pumpellyite and vesuvianite. An attempt to separate pure
lawsonite from the host rocks by means of the isodynamic separator and
clerici solution was unsuccessful. The optical properties of the lawsonite
are as follows:

q : 1.664, p : 1.675, y : 1.686; t - a : 0.002
(+) 2V : 78-84', Colorless in thin section, Elongation negative.

Other minerals

small amounts of sodic plagioclase, analcite and quartz are present in
the jadeite-bearing meta-gabbro and in the jadeite veins. They usuaily
fi l l  the interstices between jadeite crystals or are deveroped arong their
cleavage planes. These salic minerals are easily determined under the
microscope and by the r-ray powder method. It is not clear, however,
whether these salic minerals are in stable association r,vith jadeite. cal-
cite is also observed in some of meta-gabbroic rocks.

Tesm 7. cnrurcer, couposrrroN ol vosuvre.Nnr rr Jeonrro-nrnmr.rc Mrrl-Gessno
rnou Nrsryunooa, Srzuorce pnnr.rcrunn, JalaN

rheopticart",".'l'fi 
:J,1Ji'Jt:,::i"li:'l;j,:Tvesuvianiteare
(*ffi

Wt To Atomic ratio*

sio:
TiOz
AlzOs
FesOs
FeO
MnO
Mso
CaO
NurO
KrO
HrO+
HzO-

39.77
0 .47

t7  . 41
3 . 6 0
o . 7 6
r . 4 8
0 .32

33 .39
n.d.
n .d .
2 . 3 4
0 .30

Si
Ti
AI
Fe" '
Fe"
Mn
Mg
Ca
HzO

9 . 3 4
0 . 0 8
4 . 8 2
0 . 6 3
0 .  1 5
0 . 2 9
0 . 1 1
8 4 0
1 .83

99.84

* Atomic ratio was calculated on the anhvdrous basis O:36.
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DrscussroN

The metamorphic minerals composing the jadeite-bearing meta-

gabbro may have been formed by the following chemical reactions:

NaAlSirOs+ NaAISizOo * SiO: (1)

Aibite Jadeite

NaAlSisOs * HzO + NaAlSi:Oo(HzO) * SiOr

Analcite

2 CaMgSirO6 -| 6 CaAlzSizOa * 7 HzO +

Augite Anorthite

2 CanMgAlsSioOzr(OH)s'211rQ f  AlzOr + 4 SiO, (3)

PumPellYite

5 CaMgSi:Oe + AIrOr * 4HzO+ MgsAl:SirOro(OH)r * 5 CaO -| 7 SiO: (4)

Augite Chlorite

3 CaAlzSizos+ CaaAlzSi:Orz f 2 Al:O: + 3 SiO, (5)

Anorthite Grossularite

2 CaMgSizOe -| 8 CaAlzSizOs -| 2H2O+ CaroMgzAlrSigOrr(OH), f 6Al:Or + 11 SiO, (6)

Vesuvianite

CaAlzSizOa I 2 HzO + CaAlzSi:Os' 2HzO

Anorthite Lawsonite

FeTiO: i CaO * SiOz- CaTiSiOr * FeO

Ilmenite Leucoxene

CaO liberated in reaction (4) may have been used by reaction (8) to

form leucoxene from ilmenite' rt is also very probable that AIzOa liberated

in reactions (3), (5) and (6) has been used to form chlorite from augite by

reaction (4).

FeO in the right hand side of equation (8) may have entered into

chlorite, vesuvianite or pumpellyite.
Some of SiOz liberated in reactions (1), (2), (3), (4), (5) and (6) seems to

have been consumed to form leucoxene from ilmenite. However, most of

the liberated silica may have been difiused into the surrounding ultra-

mafic rocks where it was used in the following reaction:

3MgzSiorf Siozf 4:lJzo+2Mgrsizos(oH)n (9)

Olivine Antigorite

If this is true, the chemical composition of the jadeite-bearing rock given

in Table 1 should represent that of a desil icated gabbro.

Chemical reactions (2), (3), (4), (6) and (7) involve addition of

water. High water pressure (or high chemical potential of water) prob-

ably promoted these reactions. The presence of jadeite, analcite, lawson-

ite, pumpellyite and chlorite suggests that the temperature prevailing

during the formation of the jadeite-bearing meta-gabbro was not high'

Svnthetic experiments of Robertson et al ' (1957) showed that jadeite is a

(8)
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high pressure mineral and that the stable association of jadeite and
qsartz probably requires pressures higher than 9 kilobars at room and
higher temperatures.

In the present case, however, the amount of quarLz in the jadeite_
bearing rocks and in jadeite-veins is very small and it is not clear whether

Jadeite forming veins is very rare, although coleman has already
reported the occurrence of jadeite-veins in albite-glaucophane-acmite
schists of California (Coleman, 1956).
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