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                         I. Introduction

    From !942 afterwards the writer has been studied on the bungsten

minerals and their deposits. This study was a payt of the "Founda-

mental Studies on the Underground Natural Resources o£ Asia" at the
Institute of the Natural Resources in Tokyo, altd it is still going on

under the guidanee of Prof. Dr. Z. HAR,")A ae Hokkaido University.

Hitherto the mineralogieal and geological researches of the tungsten

minerals and deposits ha.ve been done not so many ii} Japan. Because

ii. b.a.s been eonsidered that the tungsten min-tral was ne more than a

jouvn, Fac. Sci,, Hokkaido Univ., Ser. IV, Vol. VII, No. b', 2950
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wanxxineral, but also the miikeral was devoidi of mineralogical intem'ests

and a}so the deposits vLrere rather minor and simpie.

    The seope o£ this study is to'reselve the problems of genetieal altd

paragenetieal yelatioiis ainong the properties o£ the tungsten minerals
and the other minerals wlaich are aeeompanied with them, of the
foi'matiolt of mineral cleposits and of the natur of ore Sorming solutiolt

in genei'aL ･ '    For this purpose the writer has done his geological field worl<s

and laboratory investigations, espeially mineragraphical seudies, with

attending ehlefiy to the miiieralogical eharacters of the minerals of

tungsten'and assoeiated minerals as well as the eomposition, structur,

ancl wa.ll-voe}< alteration of the deposit-s. Iii this paper the writer

summarizes some of tlie results of his investigations and touches inerely

on the chief points,

    [l]he writer wishes to express his indebtness to Prof, Dr. Z. rlARAbtx

earefull eriticisms and valuable suggestions during the course of thls

study.

                    iXe Tuzagsten mifterals.

    The known iiatul'al i[ninerals of tungsten are elassified into three

greups aeeording to their erystallographical and chernieal properties.

       Scheelite series
           Seheelite ･i･･t:････`･････････t CaWO,

           Cuproscheglite･t･･･-･･･-tts-･ (Ca,Cu) WO,

           Cuprotungs'tite ･････nyt･････ CuVYJO,

           Stolzite t･･+-･････-････････t･-t･ IPbWO,

           Ka,spite --4･･･････t-････it･oTt4･ IE'bWO,

           Chillagite ･t･･････t･･-`･t･t･i･･ Pb(W,Mo)Oi

           Wolframoeker ･i･-#･･et--･･t･ WO,,(?)orWO,sH,O
           ",,(,e,Y,i}'.a,?ll`,e,i,6''1I1111:I11l'11 2Ww06?,Ili8.<[i]he,,ceo,,zroi)Ho

       Wolframite series ' '
           Wolframite ･･･････････-･････ny <Fe,Mn)WO,

           ffitbnerite ････････-s･･･････t･･･ MnWQi

           Ferberite t･･:･････････････････ YeWO.i

           Reinite ･･#･････････････････････ IFeWOv

           Feryituitgstitet････････t･････ Fe,O,iWO,i6}I20

       Sulfide o£ tuitgsteii
                    /tt･           [I]ungstenite ･････t･t･･････････ WS,
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    In his original paper, the auther eol}ected all data ef crystallo-

graphical, physieai aitd ehemieai piropei'ties o£ each tungstelt mineval,
which ,were reported by many anthorities. Ill Japan, the optieal
properties of some seheellte were examined' by I'rof. Dr, Z. ffARADA,

and the p.hosphorescence of seheelite was tested by Dr. E:IwAsE, But

many other pro}perties i'emaiii to be examhied. Among these proper-

ties, here it would abstruet merely an iiwestigation eoneerning to the

erystal habit "Tracht" aloi}e.

                                 '
    ' A. Crystallographic propertles of tungsten minefaZs

    The fa,etoi's which effeet on the form of growing erystals are too

many and much eomplieated to be resolved. EIowever froin a mineral
cleposit, it has been frequently fozmd the ez'ystais whieh had a definit

habit. It seems te be nothing but a evidence as a i'esult that the
many p, artial dif}erenees ii} physieal and ehemieal conditioits of a yielding

mineral deposit were integratecl by the geologieal time. Namely the

habk of cr}rstal is one of the niost lmportant ±"eatures presented by the
geological behaviors, So the writer has intended to examine the relation

between the habit of minerals of tungsten and the geologieal faetors
clominating iii the tungsten mineral deposits. ･

    Bior this purpose it was selected two i:ninera}s, scheelite aR(l wolf-

ramite, among the tumgsten mineral speeies. Because these two in,inerals

are very eommon hypogene minerals and the almost all txmgsten in
the earth cruse eoneentrate into them. " '
    Hitherto the minerals of tungsten have been repoyted from about
14･O loeaiities in Japaii and same in Korea. But only frona a few in

those many Ioealities the crystals have been £ound.

           . 1. Seheelite ''
    Crystals of scheelite £rom Japan and Korea have tlae pyrainidal
form, but tkere are ewo cliftXerent types, One is represented bye<101>

as its g'roandform and the other by p <111>. Very rarely it is prismatic

elongated parallel to the zone [10i].

    It is caleulated that H-, F--, ancl P-vaiues of the ei'ystals of seheelite

by the Niggli's method, a.nd the resuits are shown in the following

tables, The data aeeount to calculatioi} are that refered to the yeports

already published by other investigators and that of the writeVs own

examination. And it has been treated 64 erystals of scheelite from
41 IoealitiesL

    If it eompare the tables, it might be no£ieed that the order of the
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numbers of p(111) aiid e(ZOI) of seheeiite from Japan to that of

a･re reverse,

     TABf.E. I. .H-values (relativ IIIttufigkeitzahl) of the seheelite,

         37 erystals from Japan and 27 erystals from Korea.

Korea

I{-values -"'i

Crystal faces
Japan

P ('lll.1)

e ('IOI)

R <ll5,)

s (13'I.)
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l
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i
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･
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8L,.S
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3.1
]..6
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1. ,6

j

[Ir,y}3i,is. II. Iii-values (I]'andortpersistenzzahi) of the scheelite,

   23 Ioeali'ties /from Japalt and 18 loealities from Korea.

i
i'

1

l

F-vaiues %
Crystal faces

Japan l Korea I Both

? (lll>
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L (133I
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a <l30>
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ks.-, .. t..rm...

[t)ABI,E. IIL

    lite.

I
I
l
I
I

82,7
'l8,3

31,ts

2'L7
2 'l .7
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a,d,

4.4

 o
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l
i

l
l
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/
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{'} 'i" t""

ll.l
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 o
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  [P-values (Kom.binatioi}spersistenzzahl) of the sehee-

14 groups from Japan and 11 g)roups from Korea.
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7S.{S
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28.6
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l

i
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i
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l

l
I
I
,i
'
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    [l]he triangular projeetioll is shown

Fig, I after ehe order of elasses of

eaeh erystal face of seheelites from

both J'apan and Korea.

          2. Wolframite

   Ciaystais of wolframite from Japait

aiid Korea are usually tabulay para-

llel to the orthopinaeoid but beening

elongated parallel to the c-axis or

rarely short eolumnar. The writer
has treated 3e crystals of wolframite
                             ･eefrom 17 loealities and the data ealeu-

lated are that refered to the iveports

of many authorities and tha.t of the
Wliitel"S OWII eXaMillatiOll.

   It is ealueiklated that }I-, F-,

wol/framite and the resuks are shown

   IFrom the Table IV the degree
face of. wolk'amite are elassified as

    L -elass (1>75%) : ce (100) 7n･ (.110)

    N-elass(>50%): b<OIO) t<le2)

    S -･class (>25%) : f<Oll) a) <111)

    E-class(>IO%):h'<310) l<210)

    l -elass << 10%) : z (.i13) nt <112)

                    <230) <520) .

   The triangular projeetion of

is showR FIg, II 3f'tey the oyclev o'f
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    From the values of II{, W, and P, it is elassified the degree of
development of each crystal faees as follows and by this classifieatiolt

the crys'tal habit may be represented as a whole.

       L-elass (Charal<teristisehe Leitfoymen>75%) : pu (111) e(IOI)

       N-elass (Charal<teristisehe Nebenleitfoi"men >- 50%) : none

       S -elass (Charal<teriseisehe Spezialformen>25.96') : noiie

       E-elass (Charakteristisehe Erganzungsformen>10%) : i9 (i13)

              s(131) c(OOI) o(102) h(.133)
       I -elass (Individuelle Formen--< 10%) : k(155) g(122) a(13e)

              7?z (110)
                                            dyOl
                                                       eej

IOI

I02'

/
 /t   /
7/

ill

}
i l 3

22

OI2

tes

3i

a
g

9ie

             tlO l3g

     ee ge e
     L ff ff
      Fig. X. Triangural projection of
        seheelite from both Japan
             and Korea,

and P-values of the erystals of

  in the tbllowli}g Table IV.

 of development of eaeh ci'ystal

follows,

   a<.121)

   s(121)

   x <2ll)

    (720)

vvolframite

   elasses

o<.111) e(OOI) x(XOI) y(nl02)

A(.l.Ol) tx<132) (232)

 (510) <l22) (.2Zl) <105)

fi'om both Japan and Korea
of eaeh erystal faees,
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[l]A.BT,E. IV, H-, F-, and P-values of the
        both j'apan and Korea,
 30 erystals, 17 localiti'es and 30

vLTolframite £rom.

g.i'oups,

Crystal faees
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l
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l
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IOt
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mp

 230

  i2l
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    'e es ge tw e
    L N S EI' I
F-ig. IX. [I]riagngular projeetion of wol-

 framit･e fyom both japan aRd Kor.ea.

     3. Crystal habit and
       mode of occurrence.

    The crystals o£ seheelite have
two different types in habit
("Traeht"), aiid ie has mueh
account for their oecurrenees. In

Japan many crystals of seheelite

are found in pegmatites, pegma-
titie quaz'tz veins or sl<arn deposits

of pegmatitie, and have pi'ismatic

habit as p <111> groundform. On
the eontrary ln Korea they eeeiir

aimost always in the hydrothermal

veins or sl<arn deposits, and have

prismatie as e <thOl> groui)dform.
    Whe habit of seheelite may be

eoRtroled by the aniount of avai-

lable ealcium and their veloeity

of reaetion with tungsten in a
inineral ifrovini'ng solution, 'Il]he

ayrengement of ealelam (ioit) on
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the erystal faee e(101) is moz'e eompaet thaii on f), so e-.£aee is inoye
stable than I.) (re11). If the eoneen'tration of ealeium in a soltrtion be

su{IELeien'tly enough andva the reaet･ion also slow and complate, so ehe

e-form might be developed. It has been 'thouglie that the eoneeirkyation
of ealeiuni is low in a primai"y'  solu'tlon, then muel) e£ ealeiuni must
be brought into the solution from eoui)try roel<s, Therefore stable and

eomplate e-fonn may be dlfi}eult to f"orm under a eondition of yapid

eooling sueh as peg'matitie.

    The crystals o£ wolframite from Japan ai'e found in pegmatites
or pegmatitie quarz veins, TheY are tabuiak' oy pla'ty and have well
developed pyramidal faces whieh show sometimes shayp pyismatie habit.

The erystals fi'oin Korea are also tabulay but some have orthodomas
and base whleh show rather s'hort col'umna･y. They are found in
pegmatitie or hydz'otherinal quartz veins.

    It ean not deeisive what have effeets on a habit of growing erystal

of wolframite. But pyismatie and thinner platy crysta} inay be formed

undev a pegmatitic or a rapid eooling eondition, .ancl short eo}umnar

wolframite may be £ormed uRder a hydrotheymal or slow eooiing
eondition, [l]he erystal o£ "rolATamite rie}} ill iron are more platy than

that of poor.

              B. ]vlattiai relations betvtTeen m{nerals of tttngsten

    Exeept seheelite and wol£ramite that･ aye hypogene minerals almost
all o.f the other minerals of tungseen are sutpergene minerals, and they

have been found as the weathering produets of the formers. Therefore

sheelite and wolframite are the mlnerals whieh have geologieally and

genetieally a impoi'tant role in the tungsten mineral-cleposits. Se on

the mutural relations betvKreeit tungsten minerals it must be examined

at first for these hypogene miRerals tha't any genetieal relation may

exist amoiig them.

    ' 1･                        Sheelite-wolframite

. , a. Irp'7o4f;ra,?",?lte psezL(Zon?o'rpti, a･,fZe'r Sheel?1te. Sheelite is z'eplaeed

by wolframite along the eleavage plane of <111') and <202), and theR
                                        'advaneing replaeemen# there is no refemrenee with the struetur of
seheeiite, In this ease x-volt"yamite cteposits in seheelite with a fevLr

･ , ･ The replaeement is iiot iii'terehaiige ixon and ealeium of seheelite,

but seheelite dttssolves in 'the solution and wol.fyamite deposits in that

plaee from the same solvition. If the rer}laeement is eoniplate, the
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  inivneral is ealled reinite. Still more reinite aeeompanies with thin platy

･ wol£yamite iik soiine eases, Mostly these wolframites are ferbei'i'tie or
  }tiJ;ebnei'itie in eonitposition, andl Erec{uefttly associate witl? }narcasite as

  n ii'on su}fide mii'ieral. O:,i the eontrayy prhnayy seheelite or wolfyamite

  aeompanies with pyrite. The faets may seem to siiggest that the natur

  of soiution }ras ehanged duriitg' the eourse o£ depositioit.
      b. Scheegi,if[e ?)seztcZo7nc)7'f)h qfte7- 2veif2'aw?.ite, hi inost ease wolfra--

  mi'te is replaeed by scheeli2ce with eaz'bonate mineyals at the later stage

  in t}'ie same eouiise of depositioii. k does not oeeur any exehange of

  ealeium for iron o£ wolfrttmite. Wolfyamite dissolves in the hypogene
  solutiolt o/f the latey st'age from whieh wolframite had erystallized out

  Siormeyly. IDifl]ez' from prbinayy seheelite, seeondary one usually is

  more deeply eolored in gray oy brownish. Beeause iron and mangaRese
  whieh has been }nacle ft'ee froin the dissolviz?g wolframite have mixed

  into seeondary seheelite as impurities. Colored seheelite aecompanies

  some pyriee ap-d m.tieh ea]'bonate mineyals, aiid in most eases the
  eai"bonake is anl<eTitieb

      e. Izi ]n?my 'tuiigsten mip.eral c-ieposits wol'ft'amke and seheelite

  have been foLnrd together, bzV.' 'there are no feature that they erystal-

  lized at same ti-me, but in most cases "Toifr'ami'te has been veined

  byeeeiated oy eovered ])y seheelite. In other few eases xvolframite
  have sina.ll 'ii}elusions o/ff scheelite,

        t ttt t
                   Wolfr am i: te-f:erberite-hue bneyite

     Xnyolframite lil<e plag{oelase eorisists of a series of isomorphous

 mixed erystals, and 'the Mn rieh enclmember is ealled huebnerite and Fe

 riehey one' :ferbGrite. }Z[any wolfi'a,mites are ltypogeiie primary and

 seme hvzebnerites and feyberittes may be hypogene seeondary. 'wrJolkia-

 mite oecurs in pegmatitie or }kypothevmal, oll the eontraz'y huebnerite

  aiid tiei'l)erite oceur in meso-, epi- oi' xenothe)rmal cleposits, 'Iihis shows

 'tliat the c'teereasing r)-t-eoRclF,',ioii i"ay lower the degree of }niseibiii'ty

 ot' Zre and Mn in the wol/framite. ' In most 'eases the wolt'ramites from

 a eeytain deposit indieate abovtt the s.ame ehemieal eomposition. Arid

 in }'</orea as a whoie, wolk"amite f'roih the northeyn and southern
 pai-ts of peniiisula has inore manganese cGp-tent than the central part,

 But in a eertaln deposit tlie eom'position of' wolframite is variable
  with resp･eet to the 7)-t-gvadien'ts duying its erystalizatlon. Besides the

 pl'iysi.eal .,F.aeters 2e depends to the slight iiihoinogeneity in the origiiial

 eompositioii of mk'iera} /foi"mili.o,` solRtio)i. At 'the Dense-"heian mine,

 .Helafihokt'tde, it has been fozmci the fo}lowillg rela'tioii that wolt'ramite
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has riehey in Fe or Mn seems eo be inclieatecl by the somewha･t
sdui fffiedi'eeiifuaaSi.SeezMvbelSffse, S Of Milterals in the eats'siteyite triplite vxTolframite

                                                      '
       [I]ABiJE. V. MnOIIfeO o£ wolk'ami'te of Denso-heian mine , .･ .

-' ' ' I'''' '''''"''''"" 'op'''''nv rm ' ---･---.eeE-
   Sample loeality

"' lll'6'li5'A"61iK"""'

   Fumkawa veln

   Yamaguchi vein

   Renju vein
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    The styucture alld the mode o£ oeeurrenee of above
almost the same, But wolframite poor iR Mn associates
ankeritie ealcite and does not with tripli･te, on ehe othey hand

rieh in Mn a.ssoeiates witla- Mn-eaicite o}' rhodoehrosite and

Triplite has erystallized out earier and earbonate later

mite. Therefore these difference of properties o£ assoeia'ted
poie out that wo]framite has i'ieh in Mii or not depends
available amount of Mn in mineral forming original solution.

                                                '
            llX. Charftcter of tu.ngsfte{x minerEtl cieposits

         . A. Geological and geographical distributions ...
    The produetive tungsten ore deposits diseribute along the eoasta}

region o£ oeean, espeeially the western cireum-pacific region. Loealities'
of the minerals of tungsten are also known in the same reg'ioR, bue'

sonie of thein are i"ound in the inner eontinent, The ck-euin-pacifi6

region is the strikingly folded zone and also the ]netallogeneeie pz'ovinee

o/E Mesoiden, ISfiinerals of tuiigsten f'rom this L,'egion are wolframi.te

and seheelite, but it is }'emarl<ablo that the mim.eral f'roni inner laltcng,

stable sehield, is oitly seheeiite assoeiated wieh E.]old iR the quartz vein

and does not wolh'an}ite, FI:uiagsten ere ancl }'nineyat deposits from

both foldecl and stable areas ak'e genet･ieally eonneeted. wi"i the granitie

iittrusives, and the lodes are always founCl trn the gitanitie roel<s and

theiy adjeeent roeks, ' ' ･ Emmons poited out that tuiigsteik de}posits wek'e found aroinid 't･he

summit ok' intermediate c£zpolas of batholith and in his hypothetieal

 Aceompaning
  minerals ･
caleite""='""""""

triplite
ealeite

tripliLe
ealcite

tiriplite

xhogoeerosite

 eaeh vein are
 wieh ealeite or'

    wolframite
  with triplite,

  than wolfra-'

      mineMals

       on the
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ideal succession o£ hypogene zoiting o£ n)etals the tungesten zone Iaid

above next to the zone of tin, the deepest zone o£ metal. Such zonal

distribution of metal, the lateral or downward change of £aeies, wouid
be reeognized iR an area that hacl been in Niggli's hypo-abyssal eondition.

Buk if ie was in other conditioft sueh as voleai'iie or subvoleaiiie･eondition,

these zoniiig might hardly maintain and 'the mineralization of the
depositS,woulcl become more and more complex resulted by telescoping

of ere miner'als, O'ften the transitioi)al deposits whieh have temporal

faeies ehange in Iode have been also found in tungsten deposits,
Essencially minerals of tungsten have been found in the deeper zone
aecompanied with ai:senopyrite, pyrphotite, eh.alcopyyite, and frequently

with eassiterite, bismuthinite, molybdenite, and tourmaiine, but a

minei'al of' tungsten has been yarely found in some shallower zoite o£
mereury aiicl antimeiiy or of lead and silver. .In such cases it is
very' iiEnportane to deteri:ltine that tke mineral woulcl be tke primary

hyp. ogene minez'al oy rather the yeliet that had already erystallized at

earier stage or in deeper zoi)e.

    I'n Japan iinain distriets off tuiigsten deposits are as follows: 1･

Kital<ami mountains distriee, Iwate Pref. 2. Yamagata-Niigata Prefs,

3, Eiia-Hirukawa dish'iet, Gi.fu Pre'£. 4. Kameyama distriet, Kyoto
Pref. 5, Northern I<urashiki distriet, Ol<ayama Pref. 6. Kug'a distriet,

Yamaguch{ Pref. 7, Mlyazaki-Kagoshima Prefs. The deposits have beeR
found in the mesozoie granite aftd ln the surrounding palaeozoie rocks･

They aye mostly pegmati'tes, or pegmatitie quartz veiBs with eassiterite

or molybdenite, and some are skarR deposits with eoppe]r or lead-zine

sulfides. Several other deposits are hydroLvhermal quartz veins with

tourmaline aixd eopper, with siderite gold aiid eopper, ox with siderite

gold, aiid silver. These deposl'ts are distributed £rom eentpal to
westeyn of Japan aiid sometimes the telescoped deposits, as Ikuno-
Akenobe mines, have been found among them, Bu"L' t'he dep. osits from

Kital<ami, noythwest ot" Japan, are the type of gold quartz vein with

    In Korea the deposits are z'ather resemble to that of south China

and they relatecl to 'the Bukl<okuji granitie intrusives of mesozoie age

and have been :found in the graitite or its adjaeent metamorphie roeks

of pre-eambrian, palaeozoie and rarely mesozoic of ages, almost a}l･

the deposits are hydrothermal some suifides bearirig qua,ivtz veins, but

few skami deposits are also found. In sLieh later ease the country
roeks are not large limestone, as in the Great Limestone Series, but
they are thin impure c.ale-ehlori'tie leRs in the slightly metamorphosect
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pelitie or psainjtie seclimeiitary series, [I]here are t}rree exteRsive and

}.].roductive minin.cr. distriets, The deposits of northern distriet of

penninsula assoeia,te wi,th eass'itei"ite, that of eentral distriet assoeiates

with eassiter;te, molybclenite, or bei=yl, and that of southern. dish'ict

of pennip.sula assoeiate wi.th molybdep.i;te or rare}y beryl, and someti.mes

niueh st'tlfides a･nd to'um'ialine,

                     B. 'lrhe type of tursgsten deposits

    It was examined aboue i50 mines froni botlit [rapaR and Korea
yefering to the yepoiits of many iiwestigators and the writer's obser-

vations. Chief oye miner'ais of' tungstei) are wolframite aftd seheelite.

Aeeoyding- 't'o 'their mode ef oeeumu'enee, theiy mineral speeies of tung-

sten ancl assoeiateet' mkiera].s of ore aird gangue, the deposits are elas-

sified as of two kinds: fissure vein ancl sl<arn deposits,

    Fissm"e vein type are cli:vided into pegifinatite and quartz vein

deposits. .Pegmat･ite deposits are found in the granitic intrusives and

some exteiid into the metamophie yocks suyyounding them. The essential

minerals are the eomn).on yoe}< foyming mineyals and other minerals
ofteii presellt･ are beryl, topaz, fiuorite, oy minerals of rare earth

elemeitts, 'Vhe texture ave coarse. The pegmatite deposits often
pass i:nto the quartz vein cleposi･ts,' and t}iey (lo not seem to be sanie

one as solidified froni the final magmatie residuz'tm direetly, Almost

all the vein deposi'ts' of tuiigsten are ineltided i.n the vein types which

are eonsided as the cleep seat･ecl xreins exeept veyy I'ew shal}ower

types from ll to 15 group. Zihe skarii tungst'en deposits are the
pyrometsomatie seheelite dep,osits whieh are g'enetieally eonneeted with

hypothermal deposl'ts. They aye eh.araeterized by their gangue minerals

as skam, The textvaie are massive, but ot'telt some payts of them

pass into the quay£z vei.ns wiVn wolfyamite. - -

    A. fi'issure vein type '
      I. Peg}}'iat･it･e vetm

         1, Beryl wpiframi,te <oy seheelite'> pegmqtite

         2. Cassiterite woi£rami'te pegmat:ite
         3. Cassiterlte scheelite pegmatit-e

         4. Wol£ramite pegi-niaatite
         5, Sehee}ite pegmati'te

      II. Quaytz vein
         1. Bery} wolfyamite (or seheelite'> (luartz vein

         2. Vhosphor minera'l wolframite quartz vein

         3. Tourmaline eassiterite wolframite quay'tz vein
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         4. [g]oumin.alii)e eassite]el/te sehee]'}"te qaavtz veiik

         5. Tour.itial'k'),e wolx"yainite qv'.t.n.-i･'t:,z･ ve:/z:.

         6. Touymaliite selt'i.eelite･ c.s'aair'lr･z vett･i,ri

         '?, C tt" ss z` 'ter i:. te "rol .lt' alllL i. te c,,,' ilai"Lz Ve i･ l-k

         8. Cassiterlte se'n' e.-.a.IT:te <(u,i.apt.'z vttin

         9･. ' t･,"Vol!'ra,p:iiLue c{''uar't/z v'e.i,.n

        10. Se,l'ieelite qgar'Lz vetir, (.$e.x･'ieiSJ･i.c te.f.'tieif･i/r-t.'.ts sg'ol(.'.",i -(fi.'rairti.: vekD

        11. Col.)i,iei" t".=titgsten. c{ua;,itz vtrt/-n, (sc-,=eie':/tie ,t'gtoi'.t"l. c-<r)p-g')e.i" {.'{･'iia'rt:z

              'x            ve 'i lx i
                t.1
        lk'. 5b- i: lver t Li lt g` ste p. q.. ua L' i.'z ve 'ln (sl (S eyi 4J･ /// e R: o'ii d qu c" '.- yt'z ve 'l n)

        1.3. A.I}tirrilltop.:/T tmal3,R.;.st.Tn-.ll{ qt"LELrtz X.7E,i.11

        14.. i'･<aol//nii(;e wo'itf･iram.lte qvia]fiiz ve,iik

        15. Telleseopect loS.e

    B, Skak'ii ty'p.e

         1. Skarik yK･]ie-k eass':JiL'ex'tai"L'e

        2, Skai'ii "rithoy,t, e,t."･v.ssi'tc:T£･'{,t･ e-ts

    Ahove elassifieatioik aeeos.'cii,-p.g.. 't:e tl'ie ]:gioi';/)hol/og"wle.al fg}et･oj.'s does ziot･

so iinpor't.'a,"n't t;o eoftskley 'the g<'",'i"G"",il,s o"£' t"!ite clct':)osl'eJtL, Bu.tf; i'ii givc}s som.e

cb-ies to iinc]- ez,rk tlip-,'e eoLt;ti]rioii aik(l .c,peeial, i･.ie]at'･tLoiis et'' eaeh f.tts,pos.i,'t,

yespee't･lv･ely aitc"t }be'Lwceii tl-ie g.'tat'I'"s ef tl'}e cic//.]osl'ts t-"ncl 'iffi3t o£ ."aJ/i.Lbi"ecl

wal! rocks.

    Gerieyaliy, wol/ffrall.ll`te ec'ea.'e,es. rest'ri,ctt'ecl i･;,i '5･}}e 'veift 't.vpe, 1']vtv'

seheelite ocevtz's b,".>tl-} t'i e ve:,ft a.2)cig tl}e slkt'ii`g}. t,,;,T,/ies. [vi.'}i.e j".ac}t ii'iQ,y

s'now that ealeiuin of seheel/lie has ;t'ioi; ir.).n`tyE de}'i'･'t:cl ±St,'oi." tl'n-･e p"`.ik'naizy

ore forming 1'lqaicii,

                      C. A/l'eevatt,ori et･". 'w?.!l ;･･"git:s

    Kiinds of a,lteratlo!.z o£ wal.l rcf.:i-k's ej///' 'thc.). T."iy!'ki,?,.f$tei}, (Jle'posl/'ts h,:.xre

been Iqiowh as '£oliows: greir,t]-i}.-.,i.zgL'titon,, iJoi;.}f}n.i-"l''s'rtiz･.frk'i･oi'i, h{,o･t･ l･'t･iz.,tt{oit

                                                                'amphibolitiza'tic'ri, sc,yic:,'t.izbe'i:t,,i.oit.t, sili･:':II,hfe:}'l;:/f.}･y:.., (}g..iTI),s'm,;'Si//:,:f.',t)ic,i't, 6,hlg'i}yi,tizEi-

tio}i, kaoinittfzatloit, smc'{ sl'<a,i=i.}.iz.cLVj//o]･'i･ (.sll/ic.atiz.f-),tioili,' )
,
,

    .T.t was exai,n.lne(l that tlne i].i.t/,ike].'a,iogi,e31/' aiL'Ef.'l eheJ,:t'!ieal el'i,fi,rr,:;-,res o//'

these alteyatiop.s. tti'ho"ug.h tiae l</hn.c]-s e.C' a,ILLtr･:y'aiiiob'M a},'f; s.,o ].viaiiy, eve.ry

one of sueh alL'rJr.fi-,tioi'i m"cay be no'trI'ce.cl- are'i.n}cii 't}",ptv cle.posl'tE' c/ff oLIaey

nitetais anc! does not IJ'`e. yes't',i=;'ietecl 't.o eke tk-.ii.}.ti',,,ftie.ik f.l.g.)posiLus･". [E]//.?.e) .tlg,,e't

seeri}s to su.t.'gest th,a,'t t},].ev(i. f;t,r,=cth Tn'io p.eee.fi:s'n"rz･,r t'co e'oi,}.sl'ctey t,l'}att 'tliic･

t℃tn.crsten n}ay be e,a:,'}."ie(]. ?'):v tk,e t':',1/ple{.Jc'[;'ic' k',･":-e.(.lii,im ii,'., tke, pi:E,'im"t}."y o/c"e

fomiikig' }iqi.ii,cl/'.

    'l]he c{iffeiieii¢e Eli}.io23ui;y th.J.. ],<.!,i}cl:s 6[P altt:,].'EE'iiYo/'k t`', f,IVtJ･et.'tte! IJty 'tt,l},c-j

original coit#)osition ai}ci. texttu,,ye oi'i "vkrall roe.}]<.cJ,, th',r,'icl" ]>,}o}'(:)t"j'xrey by 'tit,e
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ct l.:, fti i. £') cL･ ts L s. (3 () 'i [t (l l, ti. (, ft s {I 't gii i` B A7 t- , 'g ie 'p ]L"e .o.,,: ." e ssio z, i･ eE {J ke e'L 'l te i," s, i." ioi L. As ]ii ai-i y

't ,t'll 'l g` s' tJ (). ;,- Tt (i e .) osit s xv (-,s, l' e /ffc l' l, }Ji t[i cl :/ z /1' tJ :,le E.i 'tl b' t' e E). t:l :i7 l-s 'I e i; E･t l.ll op ho si llg n ureoies.

2t w .ris iie't l, ce ci tii .tJit L' g'.･ tt'h. ."-. l te i' x.' f, t" r., e ll' it･.g cte cl a, yo uin{il t h.e L, vi ax' i iti 'u }-ii!･ i･ in eta-

iiioi}??}i'e eoTii.cl2'tictlt o± c･oti,ityy' roct'cg ,gerre veyy eom.]//)lieated, bgt uttdev

   T - .,t.a Cte.c'rGaEvlll,c.g" (jk.>:i.[t'I,{itc}1{1 iitt "J,g'l. 1"2o.'iJhey sir,'}.･ple al'iCe 1,"eig'Lllal'.

    A'it-i{}-i-is,' 't-'i'je. c".tit.,c-;･=-,zt.i,1,o]'i.fs sopt.,ie 'to.o;'crT ±plgxc,t"".ct bei]ore 'tip.e deposltion of

sttaff's eff .p., i(:)(le, ,a];cli. Gtl･' .fi.: "rei,re //t'oyrll,n-ecl.' 3t sar,ne 'tl,rtie op later, In

it･'u',any g.c,.cr,,es 'txx, cj c't" .fn.oi.te a,lte i'/-z.t'//,,'.)tjfs wei'c-t y.vpe.yhn].)osed. Butt l<iiids o£

!･:iii;e]n,t.Icn c･}"ia-ri,o.'..-t e.o.t'r,res'g.)or･ding 't･o tths, si.:tcees$ion ot' -?n.lnerals tt,iu･ a !orle.

[["' wgr･i o･ti.tse],x･"ed iJ}i,a't ts<.s.ii,･';i"i''/l.'-'n,'tic}!E, .`-",iz,'ici .crilielfieta･tt'ioiit.oE li}iot;itic roel{:s

E--tn
.c//'. o.f// ei'-etpliii･boi/r"Lze{-i s..i,.i.lele ].'ce･I/< aricl tal･<eR p.iaee eiosely'- e.onnee.ted

wrib'a t･}te s,'t3..g-/e c-±" clis.'g.>csitien ef,,i 't･ui)/,'.'Jtst･c-ft mip-eyals i,ik eve:/"y lode.

iv:'v'kiiiov£'t dorthtt 't],iese .iliiet.t.q,'tfo". //'"--ig`J{ bee:,} e.ausec'i b' y the proeess of t･he

h:fcl'y{i>ti"iG],'gsal soki.t"'iop,. '

        "o 1-'):･-,rag..e.r}es{s

    [il"ltr,e,i,"e t,iiv;･s vt"t:fii'c.･i..zs }<//k",ds

ot/". ra,[]'Eel,'{-}ls la't 't'txts- {:Lt.l,z,.o.'str'lft'),2･r,

(ileposit:s, lf.t kas bF.e?,i e]'"/'ten

,cr..t-'-il'eeted E,tiel/t 'tiht{-} i'll/r:T,-ei,.'.ils

.. i. 1

i'i .ice ettn: f:i,t'/i'L'{,,i.r:ii'e, "co[i, /r,/' lli a,Hi).e,

//'')･el･t:1,x'i･, ]ii','/l''xi'l/m'., }').,!i.I-r` o:,." 1･'IE'loly'?-･

bdeitE,'L'e E),s :,LL g,a..ve {-."t c;/.l's't'it-:de-

ti/}J'e /i]eattl,].'uil,) to 'til"ie k.1･.l':･,f･"ste:"-:

(1･e;t.)osi-t. .Axi't',ev 'cl,'ie; t.},li'.･a]:a(;dtey

Ol: t･tleS</"; t>,.l..)Oll)'),OV}･"'//-i-[l}:.'i.L, ll)).ille--

i'E)el,cr. i,"L' hi'$ 'b' e.er, t'TieteL'i.'+:i.xitt,c'i'

th.`･)t't t't,te de';rJo,s'i't,:; vLTcpe /iui]'e,-

ed cluvkig prieiJiinf.-t'tvl･yt''tc' o],r

tyaliisi.t,ioii,s.l sstaxth"pv k.'ol-R i')fte.1.1-

i) ]. atoi :,r tt :, {` 'co hyc.// i･" (/', t;l i, eyB]. ;-. i,

stai.);e. }ilut fi,f].T.' l.l"lliy IT]'L,oye

eol}}]+i-io't･1 ]"kl,]?,,er.i.,i,.is .`.-t.l,,,}vays

..ssosie."} x},/i't;l,lti i')i.iriitg,A..yais o.S7.

tvt p-･ gstJe i･ it : 't ]r i, ai] are .cr i't m yj le

sa.l/fit"leg, e.:",･,/,r"b･,}na,'te,tt{, :a, z;.-'{t･'.'.･i,SJ.tt":

     'axid e"hlorite,
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deter]inkiecl, bue it is CliflLleult when it "Jry to cleal with the tungsten

cleposits as a who}e. For 'the}fe are vttrievts kiixl o£ minerals, poor 'in
tungsten minneral species, no ehayae,teristtTe mi2k<}.i'als aeeompanied with

tungsten, and inueh clifferei).ees ot? minei"al eomposition in dSffe]ren't

types of deposits, I"herefoi'e now it has t7nvesi.'/f･gtnztecl 'the paragenetie

relation in a deposit op-e afte]r aRother, then made severa･1 ssts
of definit assemblage, ancl examined ehe mutua! relations amoiig eaeh

assemblage,

    '℃he xiesults a,re tha"t the ex･.istez).ee oi" minerals o£ timgsten !n a

Iode has little role about the eourse o/g erystaliza'tion o/[" the o-ther

minerals, that the miiieral of tungstei'x is 'not eytyis'talizecHi same tiine

with so ealled pneumatelytie minerals, but o±,'teii with eommon bydro-
thermal ixtinerals. . For a in･st･anee, self}eelite }"ias elosely related with

pyrrhoti'te or ina,reasite. Wolfyamite with mueh q'aa,rtz exist in a
seheelite sl<arn deposit, ai}d rei;iite, ferbeyite oz' huebnerite foi`mec'{

with caybonates ai'icl sometimes with mareasite.

    Generailized sequenee of mineyais 2ri･ tke tui'igstei'k cleposits of bo'th

Japan and Koi'ea is shown S'i.o;, i.II.

              IV. Geixeti(:al coltsr.'derRtr.;,oii of tt2nggte.ek

                    rcgnerals and t`fie'ir deposits
                                        .t t               '
    It was investlgated that the geologieal and geoeheinncal behav.iours

of the eiement of tyLmgsten with referenee to the ehemieal eh.araet.er

of the element, and the distyibutiens apHd the mocles of oeeurreee of

minerals of tungsten.

    If the supposition :may be admitted, lt wou].d be kiferred that the

element of tungsten distributed in a p}'i･ma}ry eayth erttst of silieate

shell, and it eireulated iiito the gk'ani'tie n].tigma wh.ieh seemed to be

the derivatloii from the iiiigma in the shell aecoyding as its potential

energy hacl transformed to kinematie oiie wi-t'h the progre･ss of geologieal

cycies. In tlie'magma tungsten h.ad a tep.cleney to 1'fi'rom tun.crstic aeid

just like sili,eon to £orm silieie aeid. It wo'RIcl be provable 'that the
eoncent}'ation of tzmgsten n'Light become highek' in the :.esldi'gal magma

after the magma had ri:sed and hacl been eonsolidated at iieay surfaee.

    I£ the ore formin.cr. fluid woukl lbe derived from the residual
maglna, ttmgsten did i)o't exlst in the gas phase as uRstable tungsten

ltalogenide as formeriy eonsiclere{il, bvtt it mig}kt be trap.sEered in.to the

hydyothermal solu'tion by the earrlers oli halogen. In t.he ore fovmiBg

solution tungsten had a 'tendeRey to £orm tungstie aeid salts, So t}}e



       S't,:.i(lies on i'.he, r.iiun.c.r'ts'ien I}t'lin" ils and tt'e{t` (-ene'vs fyonn i " ftR f,}.ncl i/f'orea 2FTy

]'kitkiLei ,ls ofi LKn,.)tt:]L, clo ;,i}oi; Jl.>'fi( ti.yi"..att">l;ie i't)'.iki,ai;tils., butJ }'iyth'othe]tmai

or,e.. [lii}niis l.tet.', }kaL }f,c･'sj .t,e±ifi{.i' lp. ,.ot'i'tL; ,c.i L)/ssi {il(p< "(.c;., g,]"xz'ly the

eayiest t･sl'te'vh"t{oll eat; tt],{1{ 'iri 'lg}.e r..l,c Ltc,.c,' 't'ot,:fl:.t 'is 't lttl p.,fil/ctl･'ti/z2-ttl'oll･, a

soyt oE dry s}'s{.'ptn gtlEe"at,i'ogt, c･s,{l･f. tfitt fol/lov,T{Ffi al'teyEti//o'iis }v6 'the

am].]rhibolitiza'g:/ori ai'i(-l rieilcltiat;e:,"i, t･h(. we't .,'i{gt( -i 'i'"?.'eieat//ou, wi'th

cleposi't'lrisg' se"neelSt,i. ･
    Natv{t o'fi 'the hycl.ro't}geyn"Lal soltt{i･cxi is a vev:sr iik Ipo}mu'"t'ant problein,

Lutt lll`111iy authol:it;'ts 'iilR.ve 1'}.(>.t .ou'i'"vg.ys 'l;,l'1,e sap.le eoli. .lv',, diol･1, N3"L'tui e.ff

t,he sol'a"op. i･s :/i'a.ll.)os･ed oit t'he' locic-} ip{v.e?fi-,l/s.. 2.,).c"i 'wo-,il }Toeks. I'":,xoin

lylany' evidcLv'i'.ctts ott' 'L tlgstel-"i 111:,ll<3]'...l cirp. ob.,.s', t.k )･k'(-}' Ev( -c ':i-,o l.].te･eegg['lyy

to eonsider ..i, ,cr-pe.eia"./ xiet'a] oj. tl/'icL, ts>lu'(IJ'i)-, g.'ei.`e, it tv.r,ts.Ei l,lyL'esuiie.d 'the

o}'e for}nnl,iig sol',･].t'L･i;p s.s 'tL.he･ "t+tti'..eous sl,",cgie iie4,', col.io'i,cik, 1'. s{cit'{'.'oi,, an('i

for its chevii`c}al elha 'act'=v,v k･ v.ras .o･,luqo clezfkReCl t;})-a,g an ae{,{ii solu.it'ioTx

vvas c`o:i--,s:/clered as t･"t sojlutl/oyi eotttal.'L,;,i}tfi ov '. cy 'E-no/i } s"u't'oxtg aelds i,tyid

a-n all<ali-ne s"l'-uL:,o:,'i xvtt,s ciefii".･.ed sts oiie eon'tai,rriL,i:,ir; tsti.r.?.li av.cl xx･o i'i'eee

strofig aeicl, tko'',fc-i(i- ts '"i'ig"h't ceiit:t{i'i' orrp-e or i'}ot } w･e.alr. i.'te.fJis. '1'l',e

rni'tierals ofi t-ap-.Q..'stt[-).ii h.f-i,,ve beci} eryst,a,ll'zieCl ft-io"iL 't}isg. ae.iclict solu'tion,

    VVheXL'her woVi£iam-it',e or seheelui gce. ini･'ty eryts't'al'lize ft[ost'ly Cteper,ici,s oll

the eonee ntya 't, :o i.i- ofi f. he x!, aE･ l. fi i)i c c -i. l･ fv- ' J.xt,n i 'g a sol u. ti oii . rSE Irie re are

two c"bflierei}t g･ta.,o."e,s oi f]epositio?rt oi,' tL]L'nf;,"stei--,. ns'iNhf-:i l-i},xpogreurie p:,･ipiayy

niineral.s of 'tui.ig.･"st,en seeyi} 'to be c}'y.tihizec'i wl'Vt:, soTine lew pyi,'vheti't',e

froai the sogutioyi at e,mly stae.'e･ T/x,rhei'e 'tl'ite 3rt,.al/eo;emi･c aekis kave

dop-･i{.nant role, ancl 'tbe hypogeu.e ser)oi}cl?p:s; oxie ii'}.ay be cif:,'sLalli:,:ed

with i:nuelny.･ eaz'b'onate -i>i,inerals o: Few i,tt-wc}agiiie '£ro-in'i 'th･n sit-i,e si)l/'Lit･loi'k

at lat,ei' stage w}a,ei'e tZne svtl'i'liuyi,e k'n("t eni}.')eriie aei,c'is a.'e aLtlfj in

the reaetiopL sys't'ep.'i. A"v' t"ite ixiteTi'>ie(i"c"tte tst2,o.'e iip v",y ec>iti].pvei.or}. s ild'des

of nietals cleposi£ 3.oyin allg `l'Iine solu'iJioft wi･t,:'h a.n ac't'i,,v'e li>rcl}rogeii-

sulphide. ,
    It must be 'tal<ei{k up a inet"i:H.od off anLal;txF,is fo' t"he p/tyi.)ose of to

deai xv!･'t}fi the ivi.ti.i/iJr clifilc}]re].:.'t ek':aci.e s oi'/i v.ai;ov.s "Ei".k.tLIEi' o±/i. ir.ll" t-si:ei)-

depos:,ts, to ` firid oL'rk 'tlhe eoyBip-o).. eit,vayi'}.eige/,, 'th,sio'u.g'ii t'nr'n:i, fi,trtcl 'to ,g'e2Lz

the geii.eL{.e.Ri eoiisidei/･a't:/o:/'i b3.sJ･cl. 't,vo!i '->jatJ e)-'Iein.uirtg. [.[o it '}x,g).'ic-}

the several clefin:i:, s{i.}.1: or'i iiiinfci''//. -}sseT.tp ".vs).fi;cz･ vt,'kiel,i/ tt= ,'e 's'.' ecp. sk,xt:ii-

                                                 -- 1 t-tainecl tl'ie sEpne yehti'1,ciiis ogi t','i m ;,'i. , i'lo{.2e.A !-i."i' ti,･- L.}t'ily'sieoc;yiei,ni.(/t,s{

equiiibrigixns f±i-tcivy tthei.'ti, tl,E :) s,:}£ ti,$ tihJ i"t:, ,ie)rt}t l3e.e,s ctouici ;th.

i'ega }' Cl e cl 'hs a //'i c} g t <111 t,.: me p. 'i. }l ]. n.'i i･ tt' I; c'･ e. L.} i,s i' {l< ' ,:' i" t'-x. 't o< . ..,gf) s oS. c )i a'ti oi)

of the t･klligsi'eLn c'l･ E,osl,'ts j.s `} v,ii -iL･. ,
    [Il.!he de'finii't' aE:gey'iii;,lag'e oi )rrli'.<:,,i"a.l･s if)" .t･L].)ig t?, g.c. cle{L',ea .:'･}.i･c(l.

aett'tally 'by apal: .l/i>t'; t･IS}･e ")a c}..p-e.i].<'tt'e i,'vla"t:'oxi･3 o±' e-Lc/{v.g't"i .,i,.i,{Li ･"-i.fs.tyu'}t

t;ypes of t'he clepc',Lsl/'Ls' airtcl })sr co} gi ]. '?ct.f.),' ""it'cl:t ec}(h oi'k< }:. fio it ]'na;x'fv `b' e
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found tha,t the eomi"-,koit relation 'v'v'oulcl exi'$t in, the Ctll,ECfie]`ei/;,t -i'ypes o£ the

deposi'ts, and also that seveiral altei'･;.tl/ons o//.' wt"tll i;eek superi,rkiDose{l

in a deposit woi.ild be affeeted eorr{}speii,i.}]g xi]it'i a ci'el'i,n//,kL -inirteral

faeies z'espeetively.

    Generally the tuia,gsten i}iinerEe]l <':/el.)･osi,ts eonsist of tihA.k. foitoviTi",c.r

fOUI' lllal,ll 11k'ilteyal f'a.e';'eses:

     l. Oxide inineyal faei'es [IO]: 'L'he subj'ec`t is oxide v+n:.iiier..i

     2. [l]ungsten ininet'a} '£aeiiesl"i'X7] : the siibjecfJ /is t,ui).c,.gts't･ei-i ".･iir.cral

     3. Szzlfide }rii-{)ei=a} f'ae:/es [i{S]: th,e- subjec}tt･ is sal+fide n,ii.ne]c:al

     4, Calbopunate pnii)eral faeieg [Ci : tht:t sttbjeet ':/s e.ctt'JiJ･onate b'i.'1,lte].'al+

    The niineral t'aeics eha,nges wl'[v',h the cl･efii}it gG(g.itic.:riee ,a.rnoiig eaeh

other a.s fo]lows:

                  easr4y - pmpt.twe
                 [-xx=-

                  XNxIIg..

                          [?kimk

                                   erz:]

   AII the four faeieses exist not alw.ayg ixt e･"v'G:,'y cle.pes'l･t, sc･me cleposits

laek a O-faeies and others clo wit:'i').ot'{'t' "'ft. :1'Y.//oypv.over i.f; i't be fteee,ssai'y,

it eould be se'ctled several siJih-Lga,c'1,eseg- in a ),nali,) .".,a-aJ/tes, a;,x3 th.ey

would niake soine cii.stinetio;,is ainoi,ig tl･-ie cl'iff'eveik't '('y.:pes o/f' 't}ie c-iepos/f't,c.'.

,,,.U.gdS;,,ge,8rst`gmt5,".:,7,?,""'if.Xg,g?,g'i;-f.]ii,ag,lg;,.:,ii,.,:/:-1"aR,,.,k'e,,,/ggy'lsF,iigcst

pcc.urrenee of the facies aiid n-t'utual yela'i-,troit i-).inong the s,`ta,ffs of 'Eaeies,

k,ie,e,sssA?i,?.,ko,vG'g"/Ll･l.llk..e,,igesc,.g,:L.oiie,ff,i'c3?,og,p.lil:Y,1il.i',,11i/2,?,1¥g.ils,olllE.1:,cjilw.


