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                              Abstract

   Coexisting amphiboles,  hornblcnde and  cummingtonite  pairs in tonalitc  igneous racks  frcm

Tanzawa  Mountainland,  CentralJapan  have been  exarnined  by  optical,  X-ray  and  electron  microprobe

techniques.  It is demonstrated  that  the hornblende  and  cummingtonite  pair has vcry  fine exsolution

lamellae respectively  of  hornblende  from cummingtonite  hest or  of  cummingtonite  from hornblende
hest. The exsolved  phases of  the  two  amphiboles  appear  as  lamellae oriented  parallel to <101) and

(10e) ofthe  host.

   Host hornblende  and  the  exsolution  lamcllae of  cum:ningtonite  and  hornblende have  space  group
symmetry  C 2tm, but host cummingtonite  has space  group  symrnetry  P  2ifm,

   These  coexisting  amphibo]e  pairs were  formed  as  primary igenous phases, and  with  subsequent

cooling  the Iamel]ae were  expelled  due to unmixing,

            Introduction

  Primary  occurence  of  Ca-poor amphibole,

such  as  cummingtonite  and  anthopyllite,  has

been  a  matter  of  discussion when  it is as-

sociated  with  Ca-rich amphiboies  in rneta-

morphic  or  igneous rocks.  Two  cases  in

which  the  two  amphiboles  coexist  are

recognized,  one  of  them  is in a  physical
contact  and  the other  is in a  parallel inter-

growth.  The  former  assemblage  has been

interpreted to be in equilibrium  and  in the

latter case,  two  diflerent interpretations have

been made  either,  unmixing  or  secondary

replacement,

  AsKLuND, BRowN  and  SMiTH (1962) re-

ported coarsely  intergrown amphiboles  in

amphibolite  from Skothagen, Sweclen which

include very  fine lamellae parallel to (OOI);
colorless  lamellae in hornblende, and  green
lamellae in cummingtonite.  They  suggested

that  the  coarse  intergrowth of  cummingtonite
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and  hornbiende is primary,  whereas  the  fine

lamellae parailel to (OOI) represent  exsolution

analogous  to that  in the  pyroxenes. After

this investigation, reports  on  exsolution

textuTes  in amphibole  were  published by

many  investigators. (VERMoN (1962), BiNNs

(1965), BoRiANi and  MiNuTTi (1965), CAL-

LEGARi  (l966) JAFFE, RoBiNsoN  and  KLEiN

(1968), Ross, SMiTH and  AsHToN  (l968),
Ross, PApiKE and  WEiBLEN  (1968), RoBiNsoN,

JAFFE, KLEiN  and  Ross  (1969), WoENsDREGT

and  HARTMAN (1969), RoBiNsoN,  JAFFE, Ross
and  KLEiN  (1971), CEouDKuRi  (1972). Ross,
PApiKE  and  SHAw  (1969) described the  in-
tergrowth  textures  of  amphiboles  observed

in specimens  from  thirteen  Iocalities, and

explained  all  the  intergrowth textures  of

amphttboles  by unmixing,  and  moreover  ex-

plained amphibole  phase  relations  by  an-

alogy  of  pyroxelte phase relations,

  However, these studies  of  exsolution  in

amphibole  dealt with  only  the  amphibole

from  metamorphic  rocks  except  the  am-

phibole frorn gabbro,  the  Moxie  pluton,
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96 k' . To)li･tA,  Y.YA"fACticl{t  and  R,

Marine  (Ross, PApiKE  and  SHAw  (1969)).
  The  present work  deals with  the coexistence

of  the  two  arnphiboles  of  igneous origin,  in
tonalite  and  diorite from  the  Tanzawa

Mountainland,  central  Japan. Cumming-
tonite  firom Tanzawa  Mountainland  was  first

described by  IwAo  (1937), but lamellae in the

cummingtonite  and  the hornblende hacl not

been  noticed,  until  KcuiMA (1952) described
very  fine lamellar structure  in the two  amphi-

boles as  polysynthetic twinning  on  (100) and

parting on  (OO1). He  interpreted the parallel
intergrowth of  the amphiboles  as  replacement

of  hornblende by cummingtonite,  The

purpose of  the  present study  is to de$cribe the
exsolution  textures  of  hornbiende and  cum-

mingtonite  in tonalite  and  diorite from
Tanzawa  Mountainlancl, and  to show  that

the  association  of  the  two  amphiboles  is

explained  as  crystallized  under  a  cotectic

condition.

            General  Geology

  The  Tanzawa  tonalite  complex  intrudes
into the  Tanzawa  gr6Up, Neogene tertiary

formation (lower to middle  Miocene). This

is one  of  the  largest plutonic mass  of  the

Neogene  plutonic rocks  exposed  in the Green
Tliff region  in Japan. The  plutonic complex
is exposed  in the  area  about  20 × 5 km  with

E-W  elongation  and  is composed  of  ten  rock

types  which  are  as fbllows (TAKiTA (l974)):
  1) Otakisawa type-fine  grained cum-

mingtonite  hornblende diorite.

  2) Kumakizawa  type-medium  grained
two  pyroxene  hornblendie quartz diorite,

  3) Yushin  typ ¢ -coarse  to medium

grained porphyritic hornblende biotit¢

tonalite.

  4) Azc.ffamaru type-mcdium  grained
hornblende diorite -  hornblende biotite

tonalite.

  5) Hakoneyazawa  type-.crneissosebiotite

hornblendc tonalite,

TAKITA

  6) Itagoyazawa  type-fine  to rnedium

grained hornblende biotite quartz diorite

porphyrite.

  7) Yokisawa type-fine  grained horn-

blende biotite tonalite  porphyrite.

  8) Jizozawa type-medium  grained
biotite hornblende tonalite.

  9) Mominokisawa  type  coarse  to medi-

um  grained cummingtonite  biotite trond-

bjemite,
 10) Fkijimi type-fine  grained biotite

trondh.jemite.

  Most  of  the  plutonic complex  is occupied

by the  Kumakizawa,  the  Yushin and  the

Azegamaru  types. Other  rock  types  exist  as

smail  bodies. According to the  sequence  of

intrusion, these  ten  rock  types  can  be divided

into the  fbliowing four groups;I I>, 2), II 3),

4), III 5), 6), 7), 8), 9) and  IV  10).

   Description  of  Host  Rocks  of

   Amphiboles  used  in this study

  a) Otakisawa mpe-cummingtonite horn-

blende diorite :

  The  Otakisawa  type  is one  of  the  earliest

groups of  the plutonic complex  and  occurs  as

a  large xenolith  like mass  within  the  tonalite

mass  of  Azegamaru  type.  IwAo  (1937) and

KoyMA  (1952) described this  rock  as  horn-

blende microgabbro  or  gabbroic  diorite

inclusion in hornblende quartz diorite

(tonalite), The  rock  of  this type  is fine to

mediurn  grained, massive  reck,  dark in color

and  shows  dioritic texture  with  large poikilitic
hornbiende (up to 2,O mm)  and  large

plagioclase (up to 1.6 mm)  or  rarely  shows

granoblastic texture  under  the  microscope.

The  constituent  minerals  are  plagioclase,
hornblende, and  cummingtonite,  Biotite and

quartz which  is less abundant,  often  fi11s the

interstices among  other  minerals,  Opaque

minerals,  apatite  and  sphene  occur  as  ac-

cessory  minerals,
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   EXsOLtiTtoN TEx'inRE  iN CoExtsTiNG  AMPHIBOLES  FRoM  TONALr'rE  CoMPLEX

                                                          '
Table  Ia, Optical properties ofmain  constituent  minera!s  ofthe  rock  specimens,
                  '
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hornblende biotite tonalite, The  typical

facies is medium  grained rnassive  rock  with

hornblende and plagioclase. Under  the

microscepe,  it shows  h-ypidiomorphic grariiUtaf'
texture  and  sometimes  pQikilitic texture  by

large crystals  of  hornblende (up to 5 mm),

The  main  constituents  are  plagioclase, quartz,
hornblende, biotite and  cummingtonite.

Rhombic  and  monoclinic  pyroxenes, and
   ･･1:t 

.1
 
,･

potassium feldspars are  rare.  Accessory

miff'i Fals are''6'paque  minerals,  apatite,  zircon

and  sphene.  Chrorite, clinozoisite,  prehnite,
sericite  and  calcite  are secondary  minerale,

  The  modal  compositions  and  optical  pro-

perties of  minerals  in the  rock  specimens  used

are  shown  in Table I, and  these  rock  speci-

mens  were  collected  from the  localities shown

in Figure 1.

            Optical Studies

  Amphibole specimens  used  in this study  are

Iisted in Table 2. Green hornblende from

the Otakisawa  type  cliorite (N-l57a, N-166)

coexisting  with  cummingtonite  contains  very

thin  lamellae, approximately  10u  ̀ cm  thick

or  less, of  colorless  amphibole  oriented  parallel
to (IOI). The  lamellae oriented  parallel to

(100) of  hornblende cannot  be detected,

but striations  parallel to c-axis  are  clearly

 Table  2. Amphibole specimens  used  in this study
                                    . .-

X.  TOMrTA,  Y. YAMAGVcHl  and  R.  TAKtTA

Rock  speci-

men  Sample
.. N. gL

recognized  under  the mitroscope,

  Cummingtonite from the  Otakisawa type

diorite (N-157a, N-166) is commonly  coex-

isting with  hornblende. In many  cases,  the

two  amphiboles  have  common  crystallogra-

phic axis,  but the  boundary between the  two

amphiboles  is irregular. Sometimes horn-

blende is fringed by the  narrow  rims  of

cummingtonite  and  in some  cases,  a  grain ef

cummingtonite  has a  narrow  rim  of  horn-

blende.

  These  cummingtonites  have very  thin

lamellae of  hQrnblende, 
'about

 10- ̀ cm  thick

or  less, oriented  parallel to (IOI) and  oc-

casionally  to (100). However, because of

the  variable  abundance,  thickness  and  distri-

bution oflamellae,  in some  grains the  lamellae

textures  are  not  detected clearly  under  the
  .mlcroscope.

  A  typical  coexisting  amphiboles  and  their

lamellae structure  (specimen N-157a)  are

shown  in Figure 2,

  Green  hornblende  from  the  Azegamaru

type  tonalite  (81008-b, 81307-a) contains

very  thin  lamellae of  colorl ¢ ss amphibole

oriented  parallel to  (IOI) of  the  host, but (1OO)
lamellae can  not  be observed,  and  only

striations  oriented  to (100) are  detectable.

Some  hornblendes  are  fringed by  narrow

rims  of  blue green hornblendes,

  Cummingtonites  from  the  Azegamaru  type

Sample
 No.SpecimenHest

 rock

12hornblcndc

cummmgtenltehornblende

 dio-
rite  Otakisawa
typehornbiendeli6.

 

'

rite  Otakisawa

YyeF..... .. ...

N-157a

34hornblende

CYMmingtoni}.e

N-166

56hornblende

cumrningtonite

hornblendebio-
tite tonalite
Azegamaru
type

81008-b

hornblende bio-
78hornblendc

cummingtonitetite

 tonalite
Azcgamaru
type

81307-a
Fig, 2. Phetomicrograph  ofcoexisting  amphiboles

 with  lamellae. Specimen:  Otakisawa  type

 N-157a.  Uncrossed  polarizets,
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tonalite coexist  with  hornblende, and  in many

cases,  these  two  amphibole$  show  parallel

¢ OMPLEX

Fig,3, Photomicrographofcoexistingamphiboles
 with  lamellae.  Specimen:  Azegamaru  type

 81008-b. Uncrossed  polarizers.

  Table S, Cell dimensions ofcummingtonite,  two  exsolved  hornblende  <cummingtenite host)

          and  two  exsolved  cummeingtonite  (hornblende host) in diorite and  tonalite

99

intergrowth but the  boundaries between the

two  amphiboles  are  irregular. Very  thin

lamellae which  is parallel to (TOI) of  the

host, and  (100) striations  are  recognized  in

these  cummingtonites.

  Microphotograph of  the  two  amphiboles

from  the  tonalite  of  the Azegamaru  type

(81008-b) is shown  in Figure 3.

     Single  Crystal  X-ray  Studies

  Four hornblende and  cummingtonite  pairs
which  are  listed in Table 2 have been ex-

amined  by single  crystal  X-ray techniques.

Unit  cell  data  from  Buerger  precession X-ray

single  crystal  photograph are  given in Table  3.

                           , hornblende
                     .

Sample  No. Amphibele
  oa

 (A)
  ob

 (A)
  ec

 (A) ff v  (A3)

1hornblendecxsolvcd  cummingtonite  on  (101>
exsolved  cummingtonite  on  (1OO)

9,849,519,5S 18.118,1I8,15.315.325,31104054102015,10201ot916898898

2cummingtoniteexsolved  hornblende  en  (101)
exsolveg

 
hornble.n-d.e

 
e.ll

 <IOO) .
hornblende

exsolved  cummingtonite  on  (101)
exsolved

 
cupmingtonite

 
on

 (IOO)

9.509.829,8.3.

 .
9.839,509.50
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18,118.1l8,15,315.335.Bl102011t10soest104Cslt892914913

3

cummingtonite

exsolvcd  hornblende  en  (101>
exsolved  hornblende  on  (100)

18.04 5.

I8,04 5.
18.04 5.

4

18.le18.1018,105,5.5.

31 104050,

31 Io2oo3r

3I 10202ot

31 102015t

32 10sOo7t

32 10404t,

909,7891.3889

 3892,8912

 6914,5

     hornblende
5 ¢ xsolved  cummingtonite

     exsolved  cummingtoniteon

 (101)

p". ..[.'.9.9.)..-.

6cumrmngtomtecxsolved  hernblende  on  <101)
exsolved  hornblende  on  (100)

9,829,529

 569

 529

 849,85

18.0918.0918,0918,1118.1118,115.SO  II04034, 910,
5.32 102010t 895.
5.30  102002t 895.

5.325.325,331020o3t104044,104048,896.916.918,

488719

7hornblendecxsolved  cummingtonite  on  (101)
exsolved  cummingtonite  on  (100)

9,829.519,55 18.0618.0618,065.31 Io4c-t

5,Sl 102012,

5,30  102018t

911,4891.5893.0

     curnmlngtonlte

8 exsolved  hornblende  on  (101)
     exsolved  hornblende on  (100)

9,529,869.8318,218,219.25.32 102008.
5.31 104049L

5.32 104022

896916917
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  100 K. Toptm･A,  y.

  Single crystal  photographs of  hornblendes

from the diorite (Otakisawa type)  illustrate

three  sets  ofspots  as  shown  in Figure 4a, ORe

of  these  three  sets  is the stronger  reflcction  of

hornblende host phase, and  other  two  sets  are

due to lamellae phases. One  of  reflections

of  Iamellar phases corresponds  tQ (IOI)
lamellae and  the other  to (100) striations,

No  reflection  violating  the  difliractien sym-

metry  21mC-f-is' found in the  sets  of  re-

flections from host phase and  lamellae phases.

Accordingly, the  hornblende host and  two

lamellae phases have  space  group  C21m
respectively.  By  evaluating  unit  cell  para-
meters,  space  greup  and  relative  intensities

of  diffraction pattern, two  sets  of  lamellae

were  decided to be cummingtonite  phase.
Presuming frem  intensities of  refiections

owing  to lamellae, the  volume  contents  of  two

sets  of  Iamellae are  approximately  equal.

From  the  crystallographic  relationship  be-

tween  the hornblende host and  the thin

lamellae of  cummingtonite,  it is clear  that

the  b-axis of  host is in common  with  those  of

the  (IOI) Iamellae and  the  (100) lamellae,

The  direction of  the a-axis  of  the  (IOI)

                         a:{iol}

    

    

YAMAaUCHra"d  R,  
'1'AKtTA

 lil},C.:,Cico'
               4a

 Fig, 4a. Precession photograph  of  the hOl nct  of  sample

   set  of  rcflection  marked  by axes  aX  and  cif is due to
   inarked  by  axes  afcioi)  and  cf(ioi)  is due to  the  (iOl)
   marked  by axes  a*,uoe)  and  c:"eo)  is due to the

   radiation,  100 hr. exposure.

 Fig. 4b. ?rcccssion photograph  of  the  hOI net  of  sarnplc

  set  of  reflection  marked  by  axcs  a#  and  ci  is due to  host cumminfftonite

   mark ¢ d by  axes  aXcibi}  and  c'*h<''i'oi) is due  to  the

   marked  by  axes  afcioo)  and  cf,"oo)  is due to thc (100)
   97 hr, exposure.

lamellae coincides  with  that  of  the  horri-

blende host, and  the  direction of  the  c-axis

of  the  (100) lamellae coincides  with  that  of

the  host, Figure 4b demonstrates the  vio-

lation of  C2/m  symmetry  expected  for cum-

mingtonite,  aithough  the  reflections  violating

the  C2fm space  group  symmetry  are  very

weak  and  clearly  diflUse along  to  a*  direction,

and  slightly  diflUse along  to b* direction but

do not  diflUse along  to c*  direction, whereas

the  refiections  obeying  the  C21m space  group
are  strong  and  sharp.  The  refiections  showing

this are  304, 104, 704, 502 and  302 on  the

(hOl) precession photograph.

  Ross, PApiKE  and  SHAw  (1969) ¢ Iassified

cummingtonites  into two  types, i.e. one  has

P2,lm space  group  symmetry  as  
`Cprimitive"

cummingtonite  in allusion  to the  primitive
lattice, and  the  other  with  C2!m  space  group
symmetry  designated "C-centered"

 cumming-

tonites, The  cummingtonite  host phase from
the  Otakisawa  type  diorite is `Cprimitive"

cummingtonite  showing  P2,fm  symmetry.

  It is comfirmed  by X-ray single  crystal

photographs that the  very  thin  lamellae

oriented  parallel to  (IOI) of  the  cumming-

,,

;

     3 (rock specimen  N-166). Thestrong
   host hornblende. One  of  the  wcaker  sets

   lamcllae of  cummingtonite,  the  other  scts

  (100) lamellae of  cuminingtonite.  Mok  a

     4 (rock spccimen  N-166), The  strong

           .  . One  of  the  weaker  sets

 {101> Iamellae of  hoi'nblende,  the  other  set

   lamellae o{' hornblende. Mok  a  radiation,
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a:aeu

  

     by axes  a:  and  c:  is due to host

exposure.

           
*

 and  cge is due

 cV,aoo)  is due  to the (10e) lamellae of  hernblende,

     a:,akloo),

-..2ntgei,,,,

5b

Fig,5a, Precession netofsample5(rockspecimen81008-b).  Thestrong

 set  of  reflectien  marl<ed  hornblende. One  of  thc  weaker  sets

 marked  by  axes  a.qoi)  fcurrtmingtonite, the  other  set

 maTked  by axes  of  cummingtonite.  Mok  cr

 radiation.  102 hr,

Fig. 5b, Precession net  of  sample6(rock  specimen  81008-b), The  strong

 set  ofreflection  marked  by  axes  a,  to host cummingtonite,  One  of  the  weaker  sets

 rnarked  by axes  aX(roi]  and  c:croi)  is due to the (101) lamellae ofhornblende,  the  other  set  marked

 by axcs  af,(Loo) and  Mok  cr radiation,  80 hr.

 exposure.

tonite  are  the hornblende phases which  have

space  group  C21m  symmetry.  The  volume

content  of  the  (IOI) cumrningtonite  lamellae

phase is approximateiy  the  same  as  that  of

the  (100) hornblende  lamellae.

  Single crystal  photographs of  hornblendes

from the  Azegamaru  type  tonalite illustrate

three  sets  of  spots  as  shown  by the hornblende

from the Otakisawa type diorite (Fig. 5a).

These X-ray photographs  (8iO08-b, 81307-a)

confirm  that  (IOI) lamellae are  cumming-

tenite  phase, and  also  (10e) striations  are

lamellae of  cummingtonite,  and  the  volume

contents  of  the  (iOl) lamellae are  larger than

that of  the  (100) lamellae,

  X-ray  single  crystal  photographs  of  cum-

mingtonites  from the Azegamaru  type  tonalite

demonstrate that  the  host phase of  the

cummingtonite  has a  space  group  P2,lm

symmetry,  furthermore, the  refiection  spot

with  h+k=-2n+1,  is weaker  than  that  of  the

cummingtonite  from  the  Otakisawa  type  di-

orite,  and  clearly  diflUses along  to a*  direction

and  slightly  diflUses along  to b* direction, but

does not  diflUse along  to c*  direction (Fig,
5b), Except fbr the strong.er  set  ofspots  frorr}.

the X-ray  single  crystal  photographs of  the

cummingtonite,  two  sets  ofspets  remain.  One

of  these, of  which  a*  and  b* directions are

in common  with  the  host phase, coresponds

to (rOl) lamellae of  hornblende phase, and

the other,  of  which  c* and  b* direction are  in

common  with  host phase, coresponds  to  (100)
lamellae of  hornblende  phase.. Volume

content  of  the  (-101) lamellae are  larger than

that  of  the (100) lamellae.

  Judging from the  result  of  X-ray  analyses,

it is clear  that  the very  thin  lamellae in the

curnmingtonite  and  hornblende pair are

formed  by  exsolution,

        Chemical  Compositions

  Chemical analyses  were  made  with  electron

microprobe  analyzer,  Japan Electron Optic
Laboratories, JXA-5 instrument, because it
was  diMcult to separate  pure  samples  of  only

one  amphibole  discarding another.  Even  by

the  probe analysis,  it was  impossible to avoid

exsolution  lamellae. Therefore, the  area

analyzed  was  so  large that  the  probe analysis

ymight  represent  the qhemicaJ  composition
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Table 4,Chemicalcomposlt],onofhornblendeandcummlngtonlte.

SampleNerSi02Ti02Al,O,FeOMnOMgOcaONazOK,OTetal
1 2 s 4

45  25

 O.97

 7.7612.60

 O.3614.5210.23

 e.89

 O.2092.78

54.54

 O.2S
 2.0517.l4

 O,7619.46

 1.90

 O.20

 O.0496.33

49o7I2o1410oo96,10,9565,97,34,43.2e.94･.18.75

5 6

55o217o192oo972527227077042122e473

7 8

51.13

 O,38

 6.5113,13

 O,9214.3210.78

 O.72

 O.6198.05

54.58

 O,30

 1.9918.19

 1.9817.44

 2,34

 O.24
 O.0597.12

48,62

 O.87

 7.2014.53

 O.5813,9410.40

 O.82
 O.2497.l8

51.38
 O.30

 2.4619.33

 1.l217.52

 2.26

 O.24

 O.0594.65

1, hernblende  2.
7. hornblende  8,cummingtonite

 3.
cummmgtonltehomblende

 4･. cummingtonite

 {analyst T. MARuyA"{A)
5, hornbrende  6,cummlngtomte

Tablc  5,Chemical  formulas*of  hornblendeandcumrnlngtonlte,

Specimen  Crystal
     No.

horn-blcnde

  1e'ilnliiling-
tonlte
    2

horn-'''blende

  3cummmg-
tonlte

    4

horn-blende

  5cumming-

 hern-
tonite  blellde
    6 7cummmg-

tenlte
    8

T(1), T(2)
Z  <8.00)siAl611o34

.94.06 7o,88,12 7.o.1684

R2-/.

7,88O.12 7,S6O,64 7,91O.09 7,13O.87 7.70O.30

FeMnMg2 .62.05,S2.992o46.07,09,19.351.o.3.45804t4762.o.4･.6.11eg0525721o34,58.11,07.762.20O.248.776.211.78O,07S

 054.90

2.42O
 143.916.47

 M(1)
 M(2)
 M(3)Z

 (5.0o)

R2.AITi

M(4)

R2tCaNaK

4.58O.31O.114eo1oo.74.23.034.o.o.424711 4,o.o.2503 4oo.4･9,47044･.71O.25O.044.53O,38O.094.o,e

O.411.68

  o

  o

.61,29.06

 o

A

o,Lo.

NaK O.26O.04 oo o,o.

e45907o19041.53O,34O,06

  o

  o

  o

100Ca
Ca+Mg+Fe-1-Mn

     IOOMg

25.l8 4.3625.03

O,27l,66O.07

  o

5.15

I.50O.36O.06

  o

O.S71.63

  o

  o

Lo.

8313046436oo

O,13O.02

Ca+Mg+Fe+Mn

    100Mg

49.77

Mg+Fe+Mn
66.50

63,10

6S 98

 O.49

49.94

   o

   o5.47

O.24O.04

65.96

6l,<L5

64,80

o.e4

  o

25.85

4･7.8I

64.5

57.38

60,70

24.96

46,70

62,2

5.27

57.24

60,43

FcOIMgO O.49 O.50 O,52 O.51 O.58 O.58 O.59

*
 Eerrnulas are  calculqted onth.e  basis of23oxygens,
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preceding exsolution  phenomena.  Corrections

were  made  using  the correction  procedures of

BENcE  and  ALBEE  (1968). The  results  of

analyses  are  given in Table  4. The  atomic

ratios  of  amphiboles  analyzed  were  c41culated

on  the  basis of  23 oxygen  anions  exclusive  of

those  combined  with  hydrogen as  given in

Table  5,

  Cations occupying  M  4 site  of  the  horn-

blendes analyzed  are  Ca  and  small  divalent

cations  (Mg, Fe, Mn  ions) and  negligible

alkali  ions. The  amount  of  alkaii  ions

occupying  A  site  is approxirnately  constant,

Ca/(Ca+Na+K)  ratio  ol' hornblende  ana-

lyzed shows  constant  value  and  the  value  of

Al/Ca ratio  is between O.68-O.86.

  The  alkali  iDn contents  of  cummingtonites

analyzed  are  negligible  and  Al ion contents

per fbrmula  unit  is between  O.34 to O,43.

Therefore, the  relationship  of  chemical  com-

position between the hornblende  and  cum-

mingtonite  is able  to  be represented  by  the

Ca, Mg  and  Fe ion contents,

  The  fbur hornblendes contain  O,27 to O.41

atoms  of  small  divalent cations  such  as  Mg,

Fe and  Mn  ions substituting  for Ca  ions in
                                    .
the  M  4 sites, so  that  exsolution  of  cumming-

tonite  is able  to  occur.  The  four cum-

mingtonites  contain  O.35 to O.42 atoms  of  Ca

ions substituting  for small  divalent cations

such  as  Mg,  Fe, and  Mn  ions in the  M  4

sites, and  consequentely  exsolution  of  horn-

blende is also  expected.

  The  distribution of  Mg,  Fe(total)tMn

and  Ca  between  coexisting  hornblende and

cummingtonite  is shown  graphically in the

system  Ca,Mg,Si,O,,(OH),-Ca2FesSis022

 (OH),-Mg,Si,O,,(OH),-Fe,Si,O,,(OH)2
 (Fig. 6) (KLEiN (1968), Ross, PApiKE and

WEiBLEN  (1968)). In this Figure 6, four of

the  amphibole  pairs are  shown  with  tielines.

It was  pointed  out  by  RoBiNsoN  and  JAFFE
 <1969) that  in the probe analyses  ofcoexisting
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  hornblende and  cummingtonite  the  high total

  Fe in the  hornblende is probably due to high

  Fe3'i' in hornblende, and  therefbre  this

  together  with  probably low Fe3' in cumming-

  tonite results  in the  peculiar tieline orien-

  tation. They  described that  cummingtonite

  had about  the  same  FeOIMgO  ratio  as  the

  hornblende in the  wet  analysis.

    Based on  probe analyses  of  the  hornblende

  and  cummirigtonite  pairs used  in this study,

  these  amphibole  pairs have  about  the  same

  FeOfMgO  ratio:  Strictly speaking,  cum-

  mingtonite  has a  little larger FeOfMgO

  ratio  than  that  of  coexisting  hornblende (see
  Table  4).

    Consequently, the  Ca:.Mg:Fe2'i' ratio  and

  Mgl(Mg+Fe2'i'+Mn)  ratio  of  amphibole

  pairs may  be represented  by the ratio  Ca:

  Mg:Fe(total) and  leO Mg/Mg+Fe(total)

   +Mn,  respectively.  The  hornblende  has a

  higher MgfMg+Fe  ratio  than  the coexisting

  cummingtonite  as  shown  table  4. Fig. 6

  shows  the  tielines do not  te corss  each  other;

  i,e. Fe  content  of  hornblende increases with

  increasing Fe in the  coexisting  cumming-

     .
   tonlte.

Mg7
 

YP
 

eO
 

TO
 

fiO
 Fe570

Fig.6. Distribution of  Mg,  Fe(tota]) and  Ca

  between  the  curnmingtonite  and  hornblende

  pairs in diorite (Otakisawa type)  and  tonalite

  (Azegamaru typc),  Nurnbers  indicate the  sample

  No. shown  in Tqble 2,

L
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               Discussion

   Chemical composition  ofhost  and  lamellae

 phase of  the amphibole  pair examined  cannot

 be directly determined on  account  of  the

 exsolution  texture  which  exhibits  very  thin

 lamellae repeating  at  a  narrow  interval.

   KLEiN  (I967) demonstrated that  the a, b, c, P
 and  asinP  parameters  in all of  cummingtonite-

g,runerite series  vary  linearly with  com-

position, and  he estabilshed  the equation

representative  of  the  relation  between cell

dimension or  cell  volume  and  the composition.

 In order  to evaluate  the  mole  fraction of

Fe,Si,022(OH), (=X..) of  the  cumming-

tonite  host cxamined  in this study,  KLEiN's

equations  were  used.  Compositions derived

from cell  dimensions of  the  cummingtonite

(N-166, 8IO08-b)  determined by  single

crystal  X-ray data and  cell  volumes  calculated

are  shown  as  foIlows,

                        X

                 V(A") ,c.affi:-
 l?ilyP,r,O,be

 Cummingtonite
                 893 32%  34.1%
 (N-166)
 Cummingtonite
                 896.7 40%  39.3%
 (81008-b)

MoRiMoTo  and  ToKoNAMi  (1969) deduced
that  the  exsolved  augites  in pigeonite retain

lattice distortion by orientation  eflbcts  in

pigeonite and  cell  dirnensions corrected  for

the  lattice distortions represent  their com-

position satisfactorily,  and  they  demonstrated
that  the  exsolved  augite  paraliei to (OOI) has
the  same  cell  dimensions  corrected  for lattice

distortions as  that  paraliel to  (100), therefore

cempositions  of  two  exsolved  augites  are

identical. Thus  it seems  certain  that  if

composition  of  the  exsolved  amphiboles  in
amphibole  host are  invariable, their unit

cell  volume  rernains  constant  even  when  the

lattice is distorted. Making  a  comparison

betwe¢ n  qell volume  of  amphibole  lamellae

TAKrTA

 contained  in an  amphible  crystal  and  that

 of  host coexisting  with  its crystal,  the cum-

 mingtonite  lamellae in the  homblende  host

 have  approximately  the  same  unit  cell  volume

 as  the  coexisting  host cumml'ngtonite,  and  the

 hornblende  lamellae as  well  (see Table  3).

 Conseuqentiy, it may  be concluded  that  the

 composition  of  the cummingtonite  lamellae

 are  consistent  with  the  coexisting  host

 cummingtonite,  and  that  of  the hornblende

 lamellae as  well.

   On  the  genesis of  coexisting  hornblende

 and  cummingtonite  in tonalite and  diorite

from Tanzawa  Mountainland, KoJiMA (1952)
explained  that  at  the  later stage  of  solidi-

fication ofquartz  diorite magma,  as  a  result  of

excessive  separation  of  hornblende  and  calcic

feldspars, the  residual  soiution  was  richer  in

aluminium,  magnesium,  iron, alkali  and

silicon,  than  in calcium,  and  so  the  residual

solution  reacted  on  the already  crystallized

hornblende and  plagioclase feldspars, resu.lt-

ing in the  formation of  cummingtonite.

  As  mentioned  in previous sections  and  the

above  discussion, the  two  amphiboles  ex-

amined  in this study  form  hypidiomorphic

or  poikilitic crystals,  and  also  the  two  amphi-

boles frequently occur  as  parallel intergrQwth.

The  cummingtonites  have  lamellae phase of

the hornblende, and  the  hornblends  have

lamellae phase of  the  cummingtonite.  These

textures  could  be interpreted as  due  to ex-

solution  of  two  phases by  unmixing.

  Consequently hornblende and  cumming-

tonite  in the  tonalite  and  diorite, may  have

occured  as primary  crystaliized  minerals  from
diorite magma.  With subsequent  cooling,  the

cummingtonites  exsolved  hornblende  lamellae

and  hornblendes  exsolved  cummingtonite

lamellae. Either during or  after  exsolution,

portions of  the  hornblende  might  have

reacted  with  residual  liquids, and  so  formed

the rim  of  blue green ho;nblende,

NII-Electronic  
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丹沢 卜一ナ ル 岩複合岩体中の 角閃石 の 離溶組織

冨 田 克 敏 ， 山 口 佳 昭 ， 滝 田 良 基

（要

　変成岩中で 共存する 緑色角閃石 とカ ミン グ ト ン 閃石中

に離溶組織が 存在す る こ とに つ い て は，す で に 多 くの 報

告 が あ る．しか し火成 岩中で 共存す る 緑色角閃石 とカ ミ

ン グ トン 閃石中に離溶組織 が 存在す る とい う報告は 1例

だけで ある．

　丹沢 ト
ー

ナ ル 岩複合 岩 体 中に共 存す る 緑色角閃石と

カ ミン グ トン閃 石 に は 普遍 的 に ラメ ラ組織 が見 い 出 さ

れ る． こ の ラ メ ラは 約 1μ の 巾で ，母相 の （100） 面 と

〔10D 面 （結 晶 軸 を 体心 格子 と して とれ ば， （001）面）

に ほ ぼ平行に 存在す る、こ の 複合岩体の 主体をなす畦ケ

丸型 トーナ ル 岩と， 早期に 貫入 した大滝沢型 閃 緑 岩 中 に

共存 す る緑色角閃石 と カ ミ ン グ ト ン 閃石 8 ケ に つ い て ，

プ レ セ ッ シ ョ ン 法 に よ る X 線単結晶回折及 び X 線 マ イク

ロ ア ナ ラ イ ザー
に よ る 化 学分析 を 行 な っ た ，そ の 結果，

緑色 角閃石 に は カ ミン グ トン 閃石 が，（100）面 及び

（101）面に平行な離溶相と して 存在 し，カ ミ ン グ トン 閃

石 に は，緑 色 角閃 石 が （100）面及 び （101）面に 平行 な

離溝相と して存在す る．離溶相 の 組成を，単位胞の体積

か ら推定すれば， 緑色角閃石中の 離溶相の カ ミ ン グ ト ン

旨）

閃石は ， 共存す る カ ミン グ ト ン閃石の 母体の 組成とほ ぼ

一
致す る．また カ ミ ン グ ト ン閃石中の 離溶相 の 緑色角閃

石 は，共存す る緑色角閃石 の 母体 の 組成 と ほぼ 同 じで あ

る．ま た緑色角閃 石 と カ ミン グ ト ン 閃石の 組成を検討す

る と，共 存す る両 角閃 石 の Fe／Mg 比 は ほ ぼ一定で あ

る．

　以上 の こ とか ら，共存す る両角閃石 は比較的高温条件

で 初生鉱物 と して 生成 し，そ の 後 の ゆ っ くりした 冷却 過

程で ，緑色角閃石 は，カ ミ ン グ トン 閃石を，カ ミ ン グ ト

ン 閃石は，緑 色 角 閃石をそ れ ぞれ離溶 した と推定 され

る ．

　 　 　 　 　 　 　 　 　 地

Tanzawa 　 丹 　 沢

Otakisawa 　 大 滝 沢

Kumakizawa 熊 木 沢

Azegarnaru 　 畦 ケ 丸

Hak ・ neyazawa 箱根屋沢

　 名

Itagoyazawa 　　板ノ亅丶屋沢

Y ・ kisawa 　 用 木 沢

Jiz6zawa　 　地 蔵 沢

Mominokisawa モ ミ の 木沢

Fujimi 　　　 富 士 見
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