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CAMMDONX'scE AND kmeADewLLX"rces waOM XrreXme

   "WOROKV MXNE, MXYMAKX PRew., YMAN

                         By,

                 X'oyohwkmai YOSXMURA

    Contribution from the Department o£ Geoiogy and Mineralogy,
     Faeulty of Scienee, ffokkaid6 Imperial University, No. 2i3.

                    x. xNTRoDvc'I'xoN

    The ToToku mine in Miyazai<i Prefecture, Kyitsyit, Japan, eon-

sists of workings on pneumatoiytie-pegmatitic tin-ore veins whieh are

noted for their boron miRerals sueh as axinite, datolite, danburite(')

and tourmaline. These deposits were pyoba,bly formed by emanations

from the quartz porphyry, which is now seen as dikes exposed in
the vicinity of the mine, ocr fyom related masses at greater depth.

The country roeks are quartzite, slate and limestone of the Palaeozoic

formation.<2) The Iater hydyothermal solution has replaced the
limestone and deposited silver-lea,d oyes. [l)he IEIul{idani(3) adit of

the Toroku mine has been developed in sueh a deposit for nearly a

eentury.

    A few years ago a beautiful drusy eavity was found in the ore
body and a pieee of the wall of the druse, thieldy mounted with
erystais of caledonite, leadhillite, eerussite aRd rnimetite, vtras sent

to the anthor by Mr. K. SINoDA, the superintendent of that mine.

The author, a£terwards, had the opportunity o£ visiting this miiie,

altd ei3gaging in some mineralegical studies o£ these druse minerals

at the Mineralogieal Xnstitute o£ T6ky6 Imperial VRiversity. In this
papey the results of these examinations are presented with some i3ew
data reeently obtained.

   (1)
153-164,

   (2)
basis of

inine. G.

   (3>

Z. HARADA: Jour. Fae. Sci. Ii[okl<aid6 Xmp. Univ., Ser, IV, Vol. IV,

The age of the £ormation was suggestecl by Mr. G. IIzAKA on the
the determination o£ Pusztlinct colleeted from the limestone neax tlie
IizAI<A: Jour. Geol. Soe. [I]61<y6, Vol. 4& p. 229 (1933).
Eftt {} ijt"
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perial Universiey for thelr kindness and advice.

                     KX. CA.LEDONXE"E

    k. g:wvseaX stasrmas.

    Caledonite oecurs as beautiful b}ue crystals as ioRg as 3 mm, usu-

ally elongated te the direetion of the crystallographie a-axis. The

dominant forms are: (OOI) (OIO) (Oll) (11e); smaller and in-
frequent formas are: (111) (201) (O12) (225) (223) (221). (225)

is a new £oyrn. kefieetions olt the faces of form (201) were extra-
ordinarily fine. Fig. 1 shows the stereographic projectio}i of the

forms of the idealized erystal of the ca}edonite, and Fig. 2 the

cliRographic drawing thereof.
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    Ilig. 2. Stereographic projection of Fig.
        the forms of caledonite,

     Interfacial angles measured and

 Table 1. According to the system of
 rhombic vLTith the axial ratios :-
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   2. Clinogyaphic dra.wing of

   a erystal o£ caledonite.

calcu}ated are colttained in

 Miller-bana, caledonlte is
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            'I'ABLE 1, Interfacial angles of caledonite,

                                 '
                           Measured Caieuiated<i)
            IOOAIIO ........... 420 261 420 301
            OOiAIOI ........... 56 52 56 51.5
            OOIAOII ........... 54 30.5 54 31.5
            201A20i ........... 36 9.5 36 10
            111AOIi ........... 41 43 41 47.5
            111A225 ........... 24 41 24 24.5
                         (225) ; new form.

     ScitRAuF(L'> and EREMEyEv(3) reported it to be monociinic and

 measured the angle ii as follovg7s:

               B == 890 18'.......... Schrauf.

               B = 880 22'.......... Eremeyev.

    As the preseRt cyystals gave fine refleetions en the faces of

 (110) and (201) the readings on these faces "rere employed in
calculating the following four interfacial angles.

                   IIOA20i = 450 24/

                   IIOA20I = 450 2si

                  llOA201 = 450 l2t

                  llOA201 == 450 6i

    The four angies must be eqLiai to each other i£ caledonite is
rhembic, whi]e the aetually measured difiierenees between them are

a Iittle greater than those expeetecl from the limit of error of gonio-

metry as shown above. The authoy, thexefore, tentatively calculated

on the basis of these angles the foliowing crystallographic elements;

              B= 890 2si

              a:b:c--, O.9028:l:1.4033

   (1) Caleulated from the eonstants given in "Dana: System of Mineralogy
(1920) p. 924."

   (2), (3) Literatures eitecl from "Dana: Systen-i of Mineralogy":

ScHRAuF: Ber. Ak. Wien, 64 (1871).
ERErv[EyEv: Mem, Aead. St. Pet., 3i (1883).
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    Although the [I]oroku
(Fig. 3)(i) and the optieal

a
g
-
1

   Fig. 3. A crystal of

     ealedonite. ×40.

             aD = 1820.(L')

    3. Chemical properties.

    Easily so}uble in aeiCl xvit}

coBsistiBg ef leadsuiphate.

given in [l]able 2. About 5Sii

a fiIter paper.

    Tihe following atoinie

obtained from the yesults

                  (Pb + Cu)
   Atomic ratio... Pb:
                  S04:
   Foymula....... (Pb,
           oi' more empirieally ;
                  (Pb, Cu,)

   (1) Conipare this figure
   (2) The indices of rethiaetion
measured by E. S. IJARSEN:
                ct == l.818
                P -= 1.866
                -r == l.909

   T. Iiosionz{7'ce

  ealedonite is rhombic in its crystal-habit

  oyientations are also in accoydance with
   the rhombie symmetry, the possibility o'f

   its belonging' to the monocllnie system
   may llot be denied without further de-

   tailed examinations.

       Z. Physical properties.

       CIeavage; (OOI) g'ood, (elO) (100)

   distinet. Speeifie gravity; dZ3 =:6.13.

   IIardness; I[{ =:'L 3Y,3. Colour deep blue

   to cobalt-blue, sometinies with a greenish

   tinge.

       Transparent. ILJustre sLibadaman-
         tine. Pleoehroism weak.

               X2.>Y:AZ

       i℃he optieal orientations are;
          X == a, Y= b, Z == c.
       The optie axial plane parallel to
         (OIO), 2V very Iarge.
      Birefringenee strong.'.

 .

    i effeirveseence. Leaves a whit'e residue

    The results o±' ehemieal analysis are
   of leadsulphate was lost on btirnh3g with

   ratios and the cheinieal forniu}as ai'e

 of the analysis:-

    :(S03, CO,, O,H,) = 1:1

Cu =8:3
C03:O,H, =: 4:2:5
Cu) (SO,, CO,, O,H2),

4-
     {(S04)4 (C03)2 (02H2)s}

 xyith the leadhillite crystal shown in Ii"ig. 5.
      of ealeclonite from Inyo Co. Calif. xvere
 BulL U. S. G. S. No. 679, p. 52 (1916).

   (-) 2V == 850±50.
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      'I['ABLE 2. Chemicai analysis of caledoRite. -

                          wt.% Mol. ratio.
                    I. 2. 3.
il'bO ･t"-･･･e･A･-･･c 66･58cuo ............ ...･g.3g 6 g1870s 6g16o97 k9481 q2

g06･1. IIIIIIIIIIIIIIIIi:ig,8 2Zlg: 2glS3, iggl ,,,

H20 t#･et･････････- 3･49 3･29 3b34 re85J
As20s ･･･-............ - tr t.r
I]'eO ................ -

Insoluble............. O.40 - O.20
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                         94.89 95.15 95.02
                   '
      1) Analysed by the wniter in 2932 at the Mineralogical Institute, T6ky6

         Imp. Univ.
      2) Analysed by the writer in 1936 at the Min. Inst., Hokkaid5 Imp. Vniv.

      3) Average of 1) and 2).

    In Table 3 is given the comparison o£tthe eomposition of the
Toyoku caledonite with three earlier analyses, and in Table 4 is eom-

pared the ehemical formula with those previous}y reported.

   rlrABm 3. Comparison of chemieal eornpositlolls of ealedonite.

                           !. 2. 3. 4.
     PbO .................. 66.69 69.7i 67.7 66.93
      CuO .................. 9.07 9.24 10.7 9.26
     S03 .................. 12.43 15.81 !5.6 l3.89
      CO,) ･･･t･･.-...h".. 3.29 1.43 19 3.o6
     H20 .................. 3.34 3.70 3.5 3.66
     Insoluble .............. O.20 - - 2.39

             m

     Loeality

1) Toroku Mine :
2) Leadhills Mine :

3) LeadhillsMine:

4) Challaeollo,Chile:

95.02

 Analyst

Yosimura :
FIight :

N. Collie :

Liebert :

99.94 99.4 99.il
        Literature

         (1938)
   ST. MAsl<ELyNE & IiimGHT; J.
   Chem. Soe., 27 101 (l874).

   N. ComlE;J. Chem. Soe,ge5 91
   (!889).
   G. BERG ; T. M. P. Mitt., 20 390

   (1901). .
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                                  '' [l]iABI.E 4. ' Chemical fomnulas of caledonite.

        Chemieal formula Literature
     6PbS04.4?bCO:.3CuC03 ..................... Brooke (1820).

     5PbS04.2Pb(OH)2.3Ca(OK)., .................. Flight (1874).

     4(?b, Cu) (SO,. C03).3(Pb, Cu) (OH)2 .......... Collie (1889).

     2PbS04.2Pb(OH)2.CuS04.Cu(OH)2 ........... R･ammelsberg (l895).
      5(S04).s " Ub(?bOH)cs ･ 2(C03)" CU(CUOH)6 ･ ･ e ･ ･ t e Gi'Oth･ (1905)･

     (Pbs CU3) {(S04)4(C03)2(OL,H2)s} .･+･･........... Yosimura･ (1938).

                    XXX. LEADIEXXLLXTE

    X. Cffysgal fogems.

    Leadhillite eecurs as cearse-grained masses eoRstituting the
maiR portion of the druse. Isolated erystals aye yarely seen. The

forms noted are as £ollows:-
    The dominant forms; (OOI) (11e) (Oll.) (437) (434) (418).
    Small and impeysist,ent fovms; (101) (410) (O12) (lll) (338).

    [Irhe fo!lowing aiig}es measLired on the two-eircle gonlometer are
                    'suMeiently elose to those calculated(') (Table 5).

     [ErABLE 5. I[ueadhillite. Measurecl and calculated angles.

                          Measured Ca}eulated
           O02AOI2 ............ 460 471 470 561
           OOIA434 ............ 65 57 66 4
           eOIAOkl ............ 65 29 65 42
           110A4-37 ............ 7i 53 71 50
           klOAOi'l' ............ 35 50 37 43
           q34Ael-1 ............ 62 46 61 21
           41gAOIMI ............ 54 40 57 23
           `i34A022 ............ 35 38 36 7
           4-10AO12 ............ 72 36 72 43
           ilOAe12 ............ 49 30 49 53

    ].?om" and mukiples o£ four are seen freqLiently among the indiees
of the observed crystal 'eorms of the Torol<u Ieadhillite. In Fig. 4

is shown the stereog-yaphie pyojeetion of the idealized crysta} form

of this mineral aBd in Fig. 5 the elinogyaphic drawing' thereof.
Development of the crysta} forms of the leadhillite shown in Fig. 5

is clearly illustyative of the monoclinie symmetry of this mineral.

                        '
    (1) Aftev Dana: System of Min., p. 929 (1920).
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    Z. Physicai properties.

    Irwimiings are seen frequently (Fig. 6), but
determine their law. The eleavage is basal (OOI)

Adamantine lustre on the perfect eleavage

is characteristic of this minera} re-

"h'7.fa,zctki,
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    of

diMcult to

 aRd easy,

C}inographie drawing
    of leadhillite.

    ･ lt "ras

    , pel"feet

                              , being
liable for distinction of leadhillite from

cerussite which has no good cleavage.
Coleurless or white when pure, but usuaily

stained brown, yeliow or gyeen owing te the

contamination o£ limoRite, mimetite or
eaiedonite respectively.

    Speeifie gravity; d:O == 6.62. Hardness;
H == 3.

    Optically negative, (-)2V i=loO.

    The aeute biseetrix X is perpendieular
to the perfeet cleavage.

    Indices of refraetion are remarkab]v
high and the birefringenee is very stroRg,[.

a> l.85.
    No impressions were left on a
had been !eft foy a week.

    3. Chemical properdes.
    Easiiy soluble in aeids with effervescenee

a whi{'e residue. A brown ii[npure speciineR
ehemiea] analys,is whjeh yielded tlae results

         Fig. 6. Twinned erystals

           of leadhillite. ×8.

photographie plate on whieh it

         and leaves for a tjnae

         was suibjeeted to the
       given in Table 6.
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    [I]he insoluble mattey which was sepavated by treating with hot

nitrie aeid eoRsisted ehiefiy of limonite eontanainated with some oxi{ile

of arsenie.

           rl]ABLE 6, Chemical anaJy･sis of leadhillite.

Insoluble

PbO ...
CuO ...
S03 '''
COL' ''-
HaO' .,
As,,Ofi ...

H ,, O- ...

Fe,}O:,･ .･･

As,O,}
P ,, O, J '''

9tbers ;...

wt. %

      1.
...... 66.42

...... 2.55

...... 6.03

...... 9.81

...... 1.90

...... o.4e

...... e.28

...... 9,04

･LLL.. 1.85

......
 O..8.8

     99.16

  2.
 76.62

  2.94

  6.95

 ll.30

  2,19

(ioo.oo)

     (1) Leadhi lite from the Toroku Mine;

        1936.
     (2)

    [I]he formuJa was ealeulated

       <Pb]7CU2) {(S04)s (CO3)i4> ･

    Tke chemical composition and the
hillite are compared with other known
Tables 7 and 8. The mineral frorn the
be termed "eupriferous leadhillite."

              ttl.. . t

         [I]ABLE"7. Cheiinieal

                         1. 2.
     PbO .................. 76.62 8L3
     CuO .................. 2,94 -
     SO, .................. 6.95 7.3
     COt .................. 11,30 ll.5
    ...Hr:9. .::-::.::･･･i･･:･･･ 2･i? .. i.s

  Mol. ratio.

296 .........

 32 .........

 75 .........

223 .........

I06 .........

19

2

5

14

6

                         Analysis by the pyesent author in

Essential eomponents of (1) eorreeted to 1009･S.

                   as follows:

                   2Pb(OH), . 4}I20

                         formula of the 'I]oyoku lead-
                           examples in the following
                           'II'orol<u inine would better

eoRlpositio]ls of leadhiliite.

 3.
80.80

 8.i7

 9.18

 2.00

 4.
82.44

7.33

8.14

1.68

2
)
2
}
3
)
4
)

            (loo.eo) lol.g' loo.ls

Torol{u Mine ; YoslMuRA (1938).

Ijeadhills Mine ; N. CoLmE (l889).

Sardinia; C. HiNTzE (1875).

Granby, Montana ; ?msoN and WEm,s (1894).

99.59
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           rlrABLE 8. Chemica} formuias o£ ieadhillite

             Formula Authov
      Pb6 {(SOg)2 (C03);}-Pb(OH)2oH20 ････････････.･t･ HINTZE (1874)･

      Pbi4{(S04)s(C03)g}.4Pb(OH),,.N20 .............. :JAspEyREs(Z877).
      (PbwCU2) {(SOg)s (C03)ig} ･ 2}I'b(OH)? . 4H20 . . . . . . . . YOSiMURA (2938).

             W. OCCVRmeN'CE A.NP GEbkqESXS

    1. 0cckxrrreeAce axxdi gerxesis.

    [I]he sUver-ore deposjt of the ]}Iukidani adit of the Toyol<u rnine

 are pneumatolytie-metasomatic veins develeped ii3 a Palaeozoic lime-

 stone. The dominant constituent minerals are arsellopyrite, ga}ena
 altd zineblende; a smali quantity of cassiterite is found with other

 pneumatolytie minerals such as fluorite, axinite, touymaline, quartz,

garnet and vesuvianite. Sometimes the cassiterite is worked as a
tin-ore. Seeondary oxidations are seen in a. wide yange along fis-

sures ltear the surfa6e resulting in Rumereus druses fuil of iimonite

and other oxidation produets. A few of them are fiIled with plum-

bi£erous minerais, the most importaRt of whieh is leadhillite. In a
drusy, eavity with a wall thiekly lined with leadhillite crystals, were

foLmd beautiful elusters of ealedonite erystals (bltte) and eerussite

erystals (white).

    Some tiny erystals of leadhiliite (white> aRd mimetite (yellow)

were also observed ameRg them. All of them are the products of the

$econdary oxidatioR and have mutua}ly intimate genetical relation-
ships. Azurite, malaehite, linarite and nolltronite were also found

as oxi(latioi} products in this mine, but were not seen in the druse

ment-ioned here, '
     2. Cerussite.

    Cerussite oeeurs in the drL}se as iarge erystals sometiines 2em.

}ong. These erystals are elongated parallel to the erystallographie

a-axis, with the following erystal faees;

We}l-deve}oped foyms; (OOI) (021) (OIO) (110) (112) (121) Q02).
Small and impeysistent forms; (111) (211) (130) (120).

    In Figs. 7 aRd 8 are preseRted the stereographie projection of

the ictealized erystal iffo-n o£ the [i]orokti eerussite and its clinographie

drawing yespeetively.

    Pseudohexagonal eyclie twiimii3gs are frequeptly seen, terminated

by a p}aiie iR whieh the faces (OOI) of the twinned individuals are

t
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        TABLE 9. Ceyussi£e; measured mid

                               Measured
             11eAi-IO ............. 62.0 52t

             eilAOii ............. 71 49
             e21A021 ............. Ile 30
             13eA130･ ............. 57 2e
             O12AOi2 ............. 39 22
             i12Aii2 ............. 58 l6
             iliAill ............. 87 37
             121Ai2i ............. 68 O
             21ZAIeO ............. 27 32

              i90

    "o. bo
          iil :Zil

                   . 120' .ISa ii.I. lu .i IH ,nl it
            .:!Z. s[,t llT
       J      e2i o.'u oii . oi oiz .o" .02i .oio

       '
                                  '                                  tl. o= llO
           liz. .102 . +T2

                              '                      '      i'v' il 's i2i ･Kso
                                      '･Zl                  2iT           2Tt ･
                                         1"
      lili ' ItO
                soo

                                     Ii'ig. 8.  Fig. 7. Stereogvaphie projection of

        the forms of eerussite. .

  orientated in common (Fig. 9), A elear
  was subJ'ected to the deterrniBation of the

          .

ealcu}ated angles.

     Caleulated

      620 451
      7i 44
     llO 40
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      39 45
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                                          CIinographic
                                         erystal of

                                         colourless

                                       specifie

found as.

                       dXi --- 6.7g

This value is a Iittie higher than those descyibed

books of miReralogy.

    Vsually co}ourless, often some"rhat tinged blue,

Optieally negative, 2V nearly zero.

    Refyingence exaiinined vgTas as foilows:

              a == 1.807. Birefringence very strong.

[,2

Cl
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o

      OZI
T:i

         d,,

     drawing of a
  eerusslte.

    single crystal

gravity which was

 in oydinary text-e

  greeii or yellow.
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    A
by the
        - -ipure specimen consisting of eoiotirless crystals
aut,hor with the following result,s ([I]able 10).

         [I]ABLE 10. ABalysis of eerussite.

                           I. g                                      LJ-        PbO ................. 825 83.5
        CO,, ･･............... 16.2. I6,5
        H,iO ................. O.O -
        Insoluble ............ O.O -

                         98.7 JeO.O
       1) [I]oroku Mine ; Yosn･TuRA, (1938).

       2) Theoretical value for I'bC03.

was analysecl

Fig. 9.

v'･

r
s tsg,...,.e-.i

 The terminal plane of a pseudohexagonal

eye}ic twinning of cerussite. ×10.

Fig. 10. A

 mimetite
hexagonal
    faee.

erystal of

showing
pyramidal

×50.

    3. Mimetite.

    Sulphur-yellow crystals of mimetite were found sporadieally dis-
tvibuted on the Ieadhi]lite mass, often shovLJiRg hexagonal-pyramidal

crystal £aces, as shovLJn in IFig. Ie. TI]he abundanee of arsenie oxide
in this mineral was detected by the qualitative analysis. Opticaily

uniaxial negative, and shows ve]'y weak biye£ringence under the
mieroscope, while the indiees of re£raetion are marl<ediy higher than
1.85.


