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    ON SOME SWLgeffOSMer MXNERAkS
(rrrffTRAewM>RXrscE ANjCP [scENNANTXTE) waOM

            NeX[ErswXN YAPAN.

                      By

    Zytmpbi :EIiARADA altd IN([asaEtharei KXTAHAMA

   Contvibution /from the Department of Geology [-md Mi/aeralogy,

        Faeulty oie Seienee, Ii[ol<kaido Univevsi'ty. No. 441

    I)uring the eourse of stuclies on h'regularlt{es of erystals, the pz'esent

writ･ers eolleeted a series of eoppey sulphosalt minerais.

    The purpose o£ t･his paper ls to pi`esent t･he yesults of erystallo-
gra,ph{e, eherni-.eal anCl X-ray examinations on the speeh[nens of tetra-

heclrite cand tennaiitite-eopper sulphosak minera!.

             i. X.ocaiities afidi lnoiSes of occurrences

    R. rffetrttkedirite.

    [l]etrahedriige is wiC{e-sp.z'eaCl in its oecurrence and va℃ied in it･s as-

soeiation. It is eommonly founcl ii} copper deposit･s as a primary eon-

sti't･uent in assoeiation with chalcopyrite, sphalerite, ga}ena, ete. Ie

frequently beeomes an importane ore mineyal of a peeuliay metasomatic
eoppey (le'posit--･"Kuroin.ono"--in northern Japaik,

   [l]he followillg are loeations of tetrahe(lrite, whieh x?irere eolleeteCl

by the wriLuers in ChaLv dis£riet:
 i Kamik.ita mine, Kamil<it･a Cok'tnty, Aom.ori Pre-{ee'ture.

     Teh'ahedrite .is found in cracks of massive pyyiee whieh occurs in

     "Kuyoiifi.ono" deposit.

 ii Mtitu! miRe, Moura, East-Tug'aru County, Aomor'i P}ref,ecture.

     Te'trahedr'ite erystals are cliseoveyed in serici"L'e elay which de-

     yelops avound gold quartz ve.in.
iii Da,t6 mine, Usu County, Ihuyi Provinee, Holckaido.

     It oecurs in quartz eoppev pyrite hnpregnation C{eposit with
     soine te}lvvfiv.in inineyals.
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iv Bokoi, Muroran City, Iburi Province, ffol<kaido, -
      Te'tyaheclrite eryst･als are found in sniail veins in propylite with

      zincblende and galena,

 v Suehiro (£ormeyly Kritosan) mine, near Kuttyan, Abuea County,
    Ibuyi Provinee, Hokkaido.

     Massive ok' granular tetrahedrites oeeur in golcl quartz veinlets

      with gold, pyyite and az'senopyrite,

vi Tein6 mine, Sapporo Cov!nt･y, Isil<ari Provinee, Hol<kaido,

     Tetrahedrite is found in ,cr.old quaytz veln with na'tive tel}urium

     and barite.                 Ie usualiy forms minutely granular masses, x'arely

    b. 'Xerwxaneite.

   Tennatlte has the same oeeuryenees as tetra,hedrite, but ;'s }ess
widely distributed. enly one loeality (Osarizawa mine) lkas been re-

ported, here we add a new locality oi" temiantite in northern Japan,

 i Osarizawa mine, I<azuno Cozmty, Alcita Pre£ecture,
     Tennantite oecui's in graiiulai' aggregate or in fine erystals in

              .     coppey vems,
ii Zeni}<amezawa mine, Kameda Covmty, Osima Provinee, Hokkaido.
     Tennantite crystals ak'e assoeiated with ehaleopyrite, zinebiende

     aiid galeria hi veiris.

                       Z. Crystai forxkrxs

   a. Tetscahedrite

 i Tetrahedrite from the Mutii mine, Moura, East-Tugaru County,
   Aomoyi Prefeetuye.

     [l]. If:o anCl K. S,u<mitLi (l) have deseribed tetrahe{ilrite erysta]s

     fi'om the Mu£u miiie as follows ; Tetyahedron with only o (111)
     is the most eommon erystal, but sometimes n (211) aii-d r (332)

     are obseyved, rarely associated wkh a (3.le) and a (100). Tri-
     aL･histetraheclvon ehieffy with 7b (21.1) is eon)morily found, often

     assoeiated with o (III) a,nd r (332). And rarely ct (t233) appears,

     replaeing o (11i). Styia,tions az'e observed on n (211), a (11e) and

     T (332). Vieina} faees dominaRtly develop on o (111). Crystals

     are 3-12mm in size. Sometimes it ocezurs in erys'tal aggregate

     or pene£ratln.cr eaeh otheir.

     elt eyys'tais ohtaii}ed 'h) the eoursQ-. o£ the preserit worl< the fiol-
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  iowing £orms were foui}d: o (l.11), 7z (2il), ?s (332), cg (llO), as

  <ioo).

Tetrahedrite from the Suehiro mine, Xbrtri Pyovinee, }i{ol<l<aido.

  It is massive or granular, erystals are rare. Obsexved eyystal

  forms are : o (lll), el (ilO), n (21,1).

[l]et･rahedyi£e from t･he Tein6 mine, Isil<ari VroviRce, .ffokl<aido.

  Tetrahedrite is }nainly fine granulay aggragat･e, ravely sifig}e or

  .osrouped crystal, Sometimes it oeeurs in twin (peitetyation twin),

  Crystal forms:o (lll), n (211), a (leO), o, (111), a GIO).

b. rTefiixax}tite.

[I]ennantite from the Osarizawa iiiine, Kazuno County, Akita I?re-

fecture.
  The cryst･ai foyms of t･ennanttce from the Osarizawa mine have
  beeit studied by IV[. HosiNxL (2), [[]he faee$ observed on crystals

  are o (lttl), o, (Zll), a (110), a (100) and n (211).

  Pbllowing two' 'types of eombinations are distinguished (3) :

  Tetrahedren type, doiifiinantly o (ill) deve}ops.

  Rhombic dodeeahedron type, ehiefiy di (liO) predominates.

Tennanti'te from £he Zenikamezawa mine, Osima Provinee, Hol<}<aido,
  Crystals are of the following t･hree prineip. al habit･s:

      a) Simp]e Triaehistet,yahedron n (21X). (Fig･ 1)
      b) rl]riaehistetyaheclx'oii n (21i) wi'th a (110). (Fig. 2)

      e) Triaehis£etyahedron n (211) with cl (ile) ancl o (111).
         <Fig, 3)
  Observed cryst･ai foynis are as fol}ows: n (211), a (110), o (lll).

  I]larely large erystals (3-5ein ill diametevs) were found.

           n ct ?I' d n
                                                f.e

       Fig. l. Fig. Z. Fig･ 3･
       FYennantite crystals £rom 'the Zenikamezawa mine, }'Io'Krkaido.

                3. Chemiefti Compesitiofi

a. Teti'akedrite.

Mateiri'als foy aRaiyses obtained eofisistect off brokell fragmeilts o£
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erystals. Butt speeii'nens froin 't}}e two }n.ine$ iiained hk the

po$sessed zineblende and quaytz as admixtui'es,

   The results of aiialyses are given in the following 'table

          [I]ABT,E I Chemieal Coi:nposition of tetrahedrite.

                                              , pt-
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   [I]he obtained two results (1 and 2) with admixtttres

the remainder were reealcula't･ed to 100 pe'i= eent,

    [I]he ana}yses have been yedueed to Cu(B"e), Sb(As)
yatio, whieh are given in table II.

              [l]iNBm", II Atom ratio o£ tetrahedrite.
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   Tetyahedyite has some of t･he Cu replaeed by
relation also is observed in respeet to Sb and As.

agi'ee elosely with that }"equiyed £or the formula:

Fe ancl the same
 The at･om yatios
{Ca(Fe)},Sb(As)S,,.
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    b. `fel-klxalktite.

    The matek-ials usec'l for analyses we/ e temiantite erys'tals fyom oite

}oeality in Hol<kaido,

    [l]he resul'ts of ehemieal anai",Tses of the tennan'tit･e aye listed hi

tab}e III.

    An ,an,alys:/s of 'tenita.ntite fk'om the Osai'izawa inine whieh was eaken

in 1908 (2) is presented for eomparison. These values are given under

eoiumn 2.
                                                         '
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The a'tom ratios eaieulated f.rom t･hese
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   Tl]e ratios of the 't-wo ar!alyses elo$ely agree w"t･h 'tlke .formula:

{Cu (Fe)} ,, As (Sb) S,,.

                       4. Xptray studies

   TeXLrahedrite a,Rd t･Gniiant･ite belong to gray eopper ore. There is

a eomplete series from the Sb to the As eompound; also Bi, Ag, Zn
and Pb may be preseBt.
   Sinee the atomie radius of As differs slight･Iy from that of Sb, ie

vLTould be expeeted that 'che tet･rahedrite st･ruetiure would differ Erom

that of tennant･i£e by repl'aeement o£ some port!･on o£ the Sb atoms
with As atoms.
   On t･he assumption t･hat a study of the strueture of those 'two
minerals by X-ray methods migh't eop-tribLivJe some evidenee as to t･he

vayiation of the lattiee eonst,ant, IX-ray diffraetion photograplis were

taken o£ two speeimens eaeh o/f te'trahedrite and o{' t･enRailtite.
   IPowder diff.raction pat･t,erns were i:fiade with Cu radiia'tioR, using

a eassett･e of 30.28 mm radius, The Iatrv]iee eonst･ant ct,,, of' ihese minera'ls

was ealeu}ated in kvt,g's't,roin laUitits. (×lehe"ein).

    The })atterns glven by the t･wo minera,Is provecl to be similair, bu't

there is slight differei}ee in the va}ue o£ the l,attlee eonstant･s.
   Zi}'ie ineasured lattice cons't･anlJ･s on these minerals are 3s follows:

       Tetra'l edrite, Mu'tu mine. a,, =:- l.OB5±O.05' A

            " Tein6. mine. IO.38+e.05
       Tenan't･ite, Osarizawa miiie. 10,21 lO.06
            " Zenil<amezawa mine. 10,24+O.06
    [l]he nieasureCl value of cto £or tenp-a,ntite is shorteiy than 'that of

'te'trahedrite, A vayiatioii o£ t,he la'ttice eonst･ant in t･he serles is ob-
served.

   The lattiee eonstant･s o[" 'tek'ahedrite and tennantite have a}ready
beeii detennined by J. I'iv,,tcois; (,')), I)i-i JoN({ (6) and F. ]V{AeHivvsc`iiiq (7).

   Their result･si were :

                      e             a･,) =-= le.39 A J"'. P,g.iye,ois
                              o                 10,190---110,555 A ])y] JoNc;
                 IO,189--20,379 A E Mtycimrrscwn<i

   A eomparison of the measured iattiee eonst･an'ts by the autl}ors
with those deteymined by 'the various ot･hey investi,o.'ations shoxvs simi-

larity in the values,

    F, IMgAaiitvrseEim ('g") vL'orked ou't the lattiee eonst･ant$ o£ t･etx=ahedrite
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and tennaiiti'te and pointe{I out that t･he ln,ttiee coAst･ant oE teti'ahedrite

inei'eases with inerease of Zn, I]ie, Ag, and Bi, while iJc Clecreases with

kieret,Lse o£ As. Also it seems LLhat in.ereasing" la'ttiee eonstant of teh'a-

hedrite may be eoyrelated with the value of As:Sb ratio, whieh is
eale"'iated from 'the ehemiea･l eomposition,

   The valus o£ As : Sb rat･io £oy both minera･ls whose la"vt･iee eonstants
weye determined by various authors, was ealeiilat･ed from their chemieal

analyses. [l]he i'elatioR between 'the latt･iee eonstaRt alld the As:Sb

ratio are shown in t･he folfowiltg t･ab}e:

                           TABT,E V
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    A study of this table at once reveals that incyeasing value of the

As : Sb i･atio brings about a deek'ease in 'tlke !att･iee eons't･arit a･o.

                           St!1xxmary

   [l]et･rahedri'te is a wide-spz'eacl mineval speeies in Rorthern Japan,

The atom x'ati(os ealeul.q.t･ed /ffrom 'these ehemicai ap-alyses elose}y agree

wi'i-h the £ormula of tetra-ftedy.{t･e ancl teimanti't･e-Rl,RiiiS,,, wliere Ri ls

prineipally ()u (Fe or Zn) and Riii may be Sb and As.

    [I]he measured lattiee eonstaRt･s of both minerals fyom four loealiLties

in nor'thern Japan are as follows:
                                                           o   Tet}:aheclritt･e, Mu't'u mine, fXomori Pref, a･o :=: 10.?,5 l:O.05 A

         " Tein6 mine, Hokkaido. 10.38±O.05
    Teiman't'lte, Os.p.]riza.wa mine, Al<it.a Vrof. 10,2i±O.06
         " Zenlkairnezawa mine, }Iokkaido. 1.0.24:FLC),06
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   [ hey agree well with the values obt.aiReCl by vELyious oehey iRves-

ti,gatioi}s.

   Data obt･ained by the studies of chemieal eomposi'tions and X-ray

diffractloii pattei'ns o£ the ewo minerals show a some inti･mate yelation-
ship bet"reen the la'tL'iee eons'tant ao aric'l t･he As:Sb ratio. The lattiee

constant･ ae of teLvrahedrite k}ereases with deeyease in the va,lue of the

As : Sb ra'tio.

   [Irhe writeys hearty tkank to Mr. M, [Vty{tN¥Asu for his helps in

X-yay exammatlons.
   [l]he work here yeportecl was ma,de possible iR partthyough aid of
the Grant in Aid for Fundamental Scient･ific Researeh, Miiiistr:y of Edu-

eation. The wx'iteys are very ,o.'ratefutl for t･hls assistanee.
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