
Title On the Cummingtonite-Plagioclase Rock of the Koshimizu District, Toyama Prefecture, Japan
(Studies on the Hida Metamorphic Rocks 3)

Author(s) Kobayashi, Hideo

Citation Journal of the Faculty of Science, Hokkaido University. Series 4, Geology and mineralogy,
8(4), 407-418

Issue Date 1954-03

Doc URL https://hdl.handle.net/2115/35876

Type departmental bulletin paper

File Information 8(4)_407-418.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



ON THE CWTMMXNGTONXTE-PLAGXOCLASE
  ROCK OF THE KOSHXMrzU DXSTRXCT,
      TOYAMA PREFECTURE, JAPAN

   (Studies on the ]E{ida Metamorpkic Rocks 3)

                      By

               Hideo KOBAYASHI
            (With 2 Plates and 5 Text-Figures>

  Contributions from the Depat'tment of Geoiogy and Mineralo.cry,

    Faeulty ef Seienee, Hokl<aido University, Sapporo, No. 526

                          lntroduction

    In general, it is eharacteristie that the Hida metamorphic zone is

composed of various metamorphics and intrusives sgeh as amphibolite,

amphibole gneiss, erystalline limestone, and granite. It has been said

that the pelitie metamorphies are eomparatively rare in this zone. A

few years ago, however, some specia} metamorphie roeks of pelitlc
origin were found in the zone by the present author at Koshimizu and

by Ishioka and the author at Unazuki"5>. The representative roeks from

the Unazuld distriet are staurolite-almandine sehist and staurolite-

eyanite almandine schist, while these from Koshimizu are as follows:

eordierite-sillimanite-garne£ gneiss, cordierite-sillimanite-andalusite-
garnet gneiss, biotite-ga)rnet gneiss and cummingtonite-plagioclase rocl<.

    These roeks are loeally interealated by layers of amphibole gneiss,

granitic migmatite, erys'ta}line limestone, gyaphite ore bodies and oc-

casionally･ invaded by gabbroic IRtrusives whieh are now partly repre-

sented by amphibolite.
    Some of these pelitie roel<s eontain a considerable a}nount of graph-

ite and they seem to belong in all respeets to kinzigite, whieh was

℃ecently deseribed by HmTANEN(4) in detail.
    In the present paper it is intended to present a general aceount

of the cummingtonite plagioclase roek £rom the petrogyaphical and
genetieal points of view and the natures of the other pelitie roeks will

be stated on another oecasion,
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        Fig. i. Sketch shoxving the relation between diopside-plagioe}ase rock (a),
              amphibolite (b), cummingtOnite-plagioelase roek (c), and biotite-garnet;

              gneiss (d). (eontinued to the £igure in the next page).

                    Descriptions of Rocks

   The cummingtonite-plagioelase rocks of Koshimizu distrlet generally

oeeur as thin beds o£ a few mm thicl<ness, interealating always between
the ealeareous rocks and pelitie rocks, Here'will be given a general

aceount of yepresentative eypical examples o£ the roeks from fouy loeali-
ties iii the district.

   E]xample 1, In the va}ley of the Toga river, the author found a
boulder whieh is eomposed of an alternation of biotite-garnet gneiss

and diopside-plagioelase rock, eaeh layex of the roeks being 5-10em in

thiekness. The latter shows a so ealled boudinage<L'. (P}, 27, (I), Fig.

Ia and 2b). At the narrow paxt of the.boudinage is found an ag-
gregation of large erystals of garnet, whieh may be rieh in grossu]arite

component.
    Under the mieroseope, the boundayy zone between diopside-p.lagi-
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oclase roek and biotite-gavnet gneiss shows a peeuliar zona} struetu.re

as shown in Table 1.
    Diopside-plagioclase roek has equigranular strueture, and its miner-

al paragenesis shows that it is derived £yom ealeareous sediments.
Diopside £orms a short prismatic erystal, and is nearly colourless, some
times pale greenish, 2V7 is 580. In the marginal part of the diopside

plagioelase yocl< the amount o£ gyeen amphiboie increases, and at first

it appears as minute grain in tlte rim o£ diopside, and then gradually
increases its idiomoyphism. In the next amphibolite zone, green amphi-

boles are the only mafic component and they shQw xegulay orientation.
This parallelism is conspicuously in eontrase to the equigranular texture

of diopside p}agioelase roek,
    Next to this zone, the eumniingtonite-plagioelase rock is found,

In the boundary part between amphibolite and cummingtonite-plagio-
elase roek, cummingtonite is surrounded by pale bluish green aetinolitie

amphibole, the quantities o£ whielt deerease gradually and at }ast quite
disappear toward the cummingtonite-plagioelase roc}<, Cummingtonite
has a long prismatie crystal arranged in parallel to gneissosity. The

pleochroism is weak, X=Y=:light yellow, Z=:::light yellowish brovgrn,

eAZ == 15", 2Vr :=: 800. It inay be coinmon cummingtonite which is poor
in gruenerite moleeuleC'"'. The charaeteristie in this zone is the texture

of plagioelase (An=80) whieh forms long spheroids e}ongated para}lel
to gneissosity, filiing up the intersticials of the aggregates of eummin-

gtonites erystals. In this plagioclase, there ean be seen many verm-
icular quartz erystals showing a kind of myr. mekitiet exture. It is

worthy o£ notiee that the plagioc}ase in the cummingtonite-plagioelase
roek has higher An content than that in the next b!otite-garnet gneiss,

and has myrmekitie texture, while the plagioe}ase oi" biotite-garnet

gneiss aiways oecurs as porphyroblast. The ehemieal composition of
the cummingtonite-plagioelase rock is shown in No. 3 Table 2.

    The oute]r zone of eummingtonite-plagioelase .rock is biotite-garnet
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gnelss, which eontains porphyroblastic p}agioelase (An 40), which shows

always pericline twin. The modal composition of this roek is quite
similar to the biotlte-garnet gneiss of example 2 explained latey, and

ehemical composition of both rocks may also be nearly the same.
    The reiation among the above cited roeks is illustrated in Fig. I.

    Iilxample 2. The outerop of example 2 is found at about 500 m south

o£ Koshimizu graphite mine, being composed o£ biotite-garnet gneiss
and amphibolite. (Fig, 2), In this amphibolite there are leueoeratic

veins runniug parallel or ob]ique}y to the gneissosity o£ the roek, partly
showing ptygmatie struetgre, Lentieular or irregulay melanoeratic

masses 5-10em in width, are often £ound in the amphibolite zone.
    The amphiboliee eonsists o£ diopside, green amphibole, plagioclase,
quartz and opaque miderals, In the quaytz, long needles of elear bluish

green amphibole are ineluded, Green amphibole arranges in nearly
para}le}, the others are in rather gramdar crystals, Diopside is often

corroded, and An % of the plagioclase is 80 (?1, 27, <I), Fig, 2).
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Fig. Z. Sl{eteh showing the relationsliip betxveen amphiboiite

       and biotite-gavnet gneiss, a: ampbibolite, b: biotite-

       garnet gnelss.

   The leucocratic part {is built up o£ diopside, green amphibole, ehlo-
rite, epidote, sphene, p]agioelase and quartz. Diopside eontains b!uish

gyeen amphibole as inelusions, showing the shieve texture. The eh]oriti-

zation and sericitization of plagioelase are usually conspieuous, Chemi-

eai composition o£ ]nelanoeratic part of amphibolite is shewn in No. 1
Table 2, It is charaeterized by a low eontent of SiO,, and by a high
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Chemieal eomposition of roeks

TABI,IL' 2
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(No. V Aniphibolite, at 500m south from

    the Koshimizu Mine. Y. YAMAsl'vA,

    anaiyst.

(No.2) Cummingtonite-plagioclaseyoek,

    found at the same plaee as No. j, Y.

    YAMASHI'rA, analyst.

(No. 3) Cummingtonite-plagloclase roek,

    between diopside-plagl'oelase rock

    and biotite-gavnet gneiss, at Toga ,

   river. Y. YAMAS}II'rA, analyst.

(No, 4) Biotite-garnet gneiss, found at

    the same plaee as No. 1, Y. YAMA-

   sHIr£A, analyst,

{No. 5) Diopside-plagioelase roek, ea}cul-

   ated from its modal eomposition,
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eontent of CaO. These values show departuye from those of any norma}

igneous rocks. But £rom the inode of oeeurrenee, roek textuxe and-
the properties of the eonstituent mineyals, it is suitable to eonsider

that the material originated £rom igneous roek, cha'nging chemieal
composition in the proeess of metamorphism.
    Upon examinlng the eontaet part between biotite-gamiet gneiss
and amphibolite, the author found the eummingtonite-plagioelase rocl<

as in the ease o£ example 1, (Pl. 27, (I), Fig. 3). The constituent min-
erais of this roek a]re eummingtonite, green amphibole, reddish brown

biotlte, plagioclase, quartz and opaque minerals. Plagioelase (An 85)

in this roek contains many quartz inelusions, showing poil<ilitic texture

and its predoininaRee in perieline twinning is charaeteristic. This
feature is similar to that of above mentioned plagioc}ase (example 1),

    Cummingtonite, cAZr-180, 2Vr=84--860, has a multiple twhming,
and is surrounded by a gyeen amphibole. It may be z'ather rieh in
grueneyite inolecule"i"). Chemica} eomposition of eummingtonite-plagio-

ciase roel< (No. 2 and No. 3 in Table 2) are either high in AILO:i, FeO

and!or MgO℃' In this case the value of FeO!MgO is an important eon-
'trolling faetor to deeide the nature of cummingtonite. As already
mentioned, cummingtonite of No. 2 is rieh in gruenerite molecule and

that of No. 3 is poor in gruenerite molecule relatively";k,

    In the biotite-gaynet gneiss the quartz-rich vains oy lenticles are

i.n paraliel to gneissosity. The main portion of it is eomposed of porphy-

roblastic plagioclase and regularly pavallel arranged biotite, though it

shows something of the non-orientating, fine hornfels textuye. This
fact suggests that the rocl<s may belong to a iow-grade metamoyphie
class rather than to the inner part of the Hida metamorphic zone.
An content of porphyroblastie plagioclase is about 50, which is rather

low in eontrast to that o£ the neighbouxing eummingtonite-plagioelase
roel<, [l]winnnig of this mineral is cominonly pericline. Garnets found

in the contaet zone are larger than those of the other part. Chemical

coinposition of biotite-garnet gneiss is shown in No. 4 Table 2. It is

rich in Al,b,i, bvtt is relatively poor in FeO.

    Example 3. In the Memose river running beside the Koshimizu mine,

the author found a boulder as shown in Fig, 3, IN([egascopieally it is

  ":' Fer referenee the author cites tbe data for cummingtonite bytownite roek from Muuravesi,

      Finland: 51.27 SiO,}, O,53 [ViOL,, l7.55 Ale03, O.2! Fe203, S.32 FeO, O.05 MiiO, 9.3S

      MgO, 9.IS CaO, 1.81 Na]O, O.50 KftO, O,03 PL)Os, O.7S HL,OC+), O.OS HL}OCm), O.37 S(:i>.

 '･i･ FeO!MgO in moleeuiar number of No.2 and No.3 is l.74 and ].21 respeetively.
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eomposed of the biotite-ga]rnet giteiss, amphibolite, ca}eareous meta-

morphie rock, quartz veins, and diorStic roek. They are eonst]rueted

into an irregu}ar comp]ieated st]rueture. Uiader the mie.yoscope, a}ong

the eonta.et part between biotite-garnet gneiss and 'amphibol2te, there

is found cummingto'nite-plagioclase roek whieh shows similar pxoperties

to the above mentioned ones, The arragement of. the roeks is as
follows ;

a.

b
.
e.

d
.

biotite-garnet-plagioelase-q.aa]rtz roel<,

eummlngtonite-plagioelase-quartz yoci<,

green amphibole-ga.rnet-plagioelasa.-quartz roctl<,

diopside-g.veeii amphibole-plagioelase-qtta}ttz-sphene iroek,
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Fig･ 3. Sketeh sl)owing the eomplieated strueture whieh

   is found in the boulder at tthe Momose river. a:

   biotite garnet gneiss, b : amphibolite, c : diopside-

   plagioclase roek, d : fine gyained alnphibole gneiss,

   e: ampbibole gneiss, f: dioritic rock, g: pyrrho-

   tite bearing quartz vein. Cummingtonite-plagio-

   elase rock is seen between a and c or a aRd b.
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        e. gyeen amphibole-p}agioelase-quartz roek,

        f. eummii}gtonite-plagioclase-quavtz rock,

       g. biotite-garnet-plagioclase-quartz yoek.

   In this case also the eummingtonite-p}agioelase xoek oeeurs as a
na.yrow zone between calcareous and pelitic roeks. This faet is similar

to the ease o£ the above mentioned two examples. But in this eum-
mingto'nite-plagioelase roek, poikilitie textttre in p}agioelase is not so

eonspieuous as hi the formey one. An eontent of plagioelase is 85. In

Fig. 2, Pl. 2& (II), the eontact part between cummingtonite-plagioelase

roek and biotite-garnet gneiss is shown.

   ExampZe 4. In the same loeality as example 3, the author found

a rare type o£ bouider, n)ade up of diopside-garnet-p}agioelase roe}< t
(Pl, 28, (II), Fig. 2), and sillimanite-garnet-biotite-graphite gneiss, kinz-

iglte, The £ormer is orbieular or spherieal in form, oceurring just like
a xenolithie mass in the igneous roel<s. In the kinzigite, under the

mieroscope, eordierite and sillimanite are found as important essential

ininex'als o£ the roek (P]. 28, (H), Fig. 4). Sillimanite oecurs sometimes

in long-needie £orm, 3mmxO.3mm, and cordierite shows irregulax or
spheroidal forms, which usually contain small needles of sillimanite.

   Cummingtonite-pla.crioelase roek was found between the diopside-
piagioelase-ga/ net xocl< and kinzigite. Its features were very similar

to the above deseribed cummingtonite-plagioelase rocks. This rock is

composed of eummingtonite, green amphibole, reddish b]rown biotite,
quartz and opaqge minerals (Pl. 28, (II), Fig. 3).

   It is remarkable that eummingtonite-plagioelase yoek ls found be-

tween pelitie and caleareous roek without exceptions, as deseribed
above.

           Origin of Cummingtoiiite Plagioelase Rock

    Former}y, the author eonsidered that eummingtonite-plagioclase
roeks probably was derived under metamorphic eonditions fyom sedi-
mentary yoeks whieh might have had origina}ly the same speeial chem-

ical eomposition as the present roe!<, and that they were produced by

isochemieal metamorphism.
   As a result of the aecumulatlon of mueh new data oii the e'um-

mingtonite-plagioelase rock, however, the author proposes now to

explain this phenomenon as the result o£ metamorphic differentiation,
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as Suzum,(S) LANEy<t;' and reeently TuRNEit(") have stated on similar prob-

}ems, It is eonsidered that the original sedimentaries probably showed

alternation of thin layers of caicareous and pelitic sediments in com-

pany with the basie lava. oy sheet, and afterward, eummingtonite-
plagioelase roeks were made as a reaetion zone between these layers

in the eourse of metamorphism by migration o£ e}ements from both
sides. In this case, the degree of migratlon was relatively small, £oy
the reaction zone is usually oniy a few mm in width.
   The author anticipated finding a description of peeuliar oeeurrenees

of eum}ning'tonite-plagioelase rock in HmTANE'N's paper as in these eases,

beeause the rocks o£ Kalanti district, south west Finland studied by
her, are very similar 2n ail crespects to those of Koshimizu district.
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But no C{etailed deseription oii tke occurrenee of the voek eouicl be

found in her paper`'`).

    In eomparison wlth the chemical propeyties of these roel<s and thei.r

.interrelations of eaeh other, the author has plotted the analytieal values

of the amphibolite, eummingtonite-plagioelase rocks and biotite-ganiet-

gneiss and diopside-plagioe}ase roek in ACF diagyam (Fig. 4). For eom-

parison, in the same Figure, there are eited the chemical eomposition

o£ caleayeous concretion, its reaetion zone and surrounding metam-
orphies o£ Tol<ati, .Efol<l<ald6, Japan and Duektown distriet, Tennessee,
studied by SuzuKi and I)ANEy respeetively.

    From the diagram, it is elear that there is eonspieuous differenee

between the examples desexibed in this papex and the yeaction zones
studied by Messrs Suzui<i and Ltwi,]y ; the Ioei representing the ehemieal

eomposition of the eummingtonite-plagioclase roel<s }ie usua}ly to the

F side of the line whielk connects the points yepresenting both the
neighbouring original rocl<s, on the eont]rary the points of reaetion zone

which were £ound in Tol<ati and Ducktowlt specimens Iie on the opposite
side.

    This disparity is consideyed to be derived from the dffere'nce of

the amount of enriched stable elements in reaction zones. It is worrthy

to note tha't these examples al} belong to amphibolite facies, fxom the

mineral faeies elassifieation, and these reaetion zones are all found

between ealeareous and pelitic roeks, but the reaetion zones have
different nature. These faets show that they have been si2bjected to

different meeamorphie eonditions whieh are not refiected in the minera}

parageneses of eaeh rock.

    The yelations of each element seen in these iroeks are shown in
Fig. 5. In this Fig. points on ordinates represnt the number of cations

in the roe}< when the number of oxygen ions is ealculated as 160(`).

Fyom this diagraln genei'al tendencies cannot be diseerned as clearly
as iii Fig. 4.

   It may be said, however, that Al, Fe", Fe"' and Na tend to eu}-
minate, and to depress Ca, in both A and B of Fig, 5, and that Fe"
tends to culmlnate in both C and D of Fig. 5. Coinparatively speaki.ng,

the amouitt of elements which migi'ated in and out is more in A and
B than in C aitd D.

   The aut-hor proposes the term Rock Paragenesis to denote sueh
an inevitabie relation which is shown between ealeareous and pelitie
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metamorphies and reaction zolte. This term may be applicable to other

phenomena, for instance, limestone-sl<arn-granite and cottntry uroeks-

basie front-granite<7). It may be said that the roeks o£ Koshimizu,
Oshirabetsu and Duektown all belong to the sa7ne mineral facies, a7nphibolite

facies, but shozv di.ITerent rocic parageneses, To exp!a,in these points pre-

s{eely, Euyther studies o£ these kinds o£ metamoyphie yoeks must be
done and more examples must be gathered, '

    In eone}usion, the author exp]reses his gratitude to Professor J.

SuzuKi, £or hi's deep interest and eneouragement duxing the work. To
Assist. Pxof, M. FvNAHAsiii and the membeys of the Department of
Geology and Mineralogy, Faeulty of Seienee, IIIokkaido University and

eollaborators on the studies of Hida metamorphlc zone, the author is
indebted for helpful critieisms and adviees,
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b. Boudinage. G: Aggragat{.on of garnets. I/IO nat. size,

Amphibo}ite, Composition:green amphibole, diopside and plagioclase,

S5.

Cummingtonite-plagioelase roek. Composition: cummingtonite, poi}dli-

plagioelase, quavtz and opaque mlnerals. × 85.
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Fig.

Fig.

Fig･

Fig.

                        Piate Z8, (Il).

 I. Boundary patrt between eummingtonite-plagioelase roek and biotite-

garnet gneiss. Composition : garnet, biotite, curnmiRgtonite, plagioclase

and quartz. × 85.

 Z. Diopslde-garnet-plagioclase rock. × S5.

 3. Cummingtonite-plagioelase roek. Coinposltion: eurnmingtonite, plagio-

elase, quartz and opaque, × S5.

4. Kinzigite. Cornposition : sillimanite, cordierite, pla,cr.ioclase, quartz and

graphite, xS5.
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