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Toyobaite, Ag,FeSn,S,, a new mineral 

• aro~ugiu.l! Sun'fy cif Jupqn, Hokkoido Brtmclt. ,.:ito-8, Nishi-1, K ita-ku. Sapporo 06(). Japan 
h(it!olnRh:uf Sun1~)' uf Ju(HJII, Mint-rnl R nources Oeparrmem, H igt:shi-J-1-J. TSI,kubc. 
lburaki J(JJ, Japqn 

T l)}'<lllRire, As~feSa~S !• Lt: Lrl!.gomtl, 14:fa, oz = '? .464, c:r: 10.80A, L - 2, is a new 
mlnt ral oorr~f'C) nding to ttl( Ag ana5oi,ue of Ih~lamlile. \1icroprolx otnalr.;e~ dmtonstnl.k 
pt~rtial. ~ub~titutJons of Cu for At an d Zr1 for F'e . TI1e ruost Ag-rkl.:l and poot anal y~~ om:: 
A~ 2.4.39, l 6.3J~ <.:u: 0 .14. S.lS; Pe 6.28, fi.l ~; Zn C'L37, 1.29; Cd 0. 22, 0. 14; Sn 41. 2.4 , 42 .()1 ; 

! n 0 .0~, 0.11; totnls 100JW1o. !.19.6S•io. The)' correspond re.~pecrh·ely to: (Ag1_~<:u0.ru:) 

;:J.9'1(Feu,.,~;7. n,lwCdc.tJ2) .1' l .t~1Sn;. ~9si.S'· il.tHJ (A.Ih .l~Cuo.ll-l! l .r 1 ,..~4(ftu.nZ ntt. 1,Cdn.o1 ) 
r I ,U'_,(Sn:,, I It().o1) 1 :z.~0S~ .. 19 {h.a. .. ~i~; toto! metal =6). C<Lkulattd density is 4.94 */(mJ. 

l'oyohaltc ha.s a rl1odostannitc·like brown reflc=ctioo oolor with \ler)' we:tk dich roi~m nnd 
di~tin~( h• w ong iulisotropiim. Kcn cct anccs ar~: 2J. S-24.J ~• (480nm); 24. 1- 26.lo/t 
('-'Gnm) 24.i - 26.4f."• ($89Jlln); 26S · 28. 3~l t6S0nm). X -ray powder diffraction tines and. 
I heir relal i\'C intcruitie~; J . 72(1n, 3.21(100), 2.03(,~ 5) and I Ji82(3 5}. It 0(,:-wr~ illS irr<-gu\otr 

shNp<.:c.i polycrystaUine ag.reaa1e.~ up to 2011 ,um across in a ma~ive pyrite-sphalr:rite ore from 
the Sot"al...'lti \lciu uf the Tuyoh~t mirx", Sapporo, Ho\:k:aido, .la{'lal'l. The in tim ale IWinciate~ 
include rhodostnrulite, hCX'~t1 lite, tcallitc, ~T«:nb(rgite, aod bemdtitc. 

Introduc-tion 

The natural occurrence of (Ag, Cu).,FcSn1S, corre<p<>nding to Ag-dominaru 

ana~gue of rhodostannite has been known from Pirquitas deposit, Argentina (J ... lhan 

•nd Picot, 19!12), bol lhe lack o f crystnJIOgJaphic data ha.• impeded lhc naming and 

complete description. We have now succeeded in characterizing the phase as a new mineral 
royohaite named after tht locality and in finding a n extensive solid solution to 

rhodostannitc. 

The ore deposit of the Toyoha mine is situated in the southwestern part o f Sapporo 

City, Hokkaido, and consists o f mo re than 50 veins hosted by hydrothermally altered 

volcanic, pyrocla.>tk and sedimentary rock! of Middle Miocene age, and the K-Ar dates 

o f the veins range from 3M a to 0.5Ma, corresponding to Pliocene to P leistocene (Sawai 

et of .• 1989). The depo::th i~ Lht: most prod uctive ~upplier of silver, Jead and zinc in Japan, 

and of indium in the world. 1\lso, it hi so famo us for the occurrence o f mch ra re sul fi de~ 

as canficlditc (Ohta and Yaj ima. 1977), hocartite and pirqlritasite (Kojima et a/., 1979) , 

unnamed Zn-In and Ag-ln sulfida (Obta, 1980), teallite and rhocl<m.annilc (Sugaki and 

Hay-ashi, 1986), matildite , gusta\fite, an unnamed Mu·Pb--Sb sulfide, herzenbergite and 

berndtit< (Ohta eta/., 1981), a tin-bcarina ch•lcopyritt (Kase, 1981), bismulh (Kanbara 

eta/., 1989), roquesite, <alruraiite, kcsterite, indium-bearing spbalerile, and a chalcopyrite· 

stannite solid solutioo (Ohta, 1989). The occurrence of the pr~n' ney,· mineral has been 

alr<ady « ported by Ohta et a/. (1987) under the name Ag-rhodostannite. 

The mineral and name have been approved by the Commission on New Minerah 

and Mineral Names, IMA. Type mattria l has been preserved at G<ological Museum, 

Geological Sur..-ey of Japan, Ho kkaido Branch, Sapporo. 

Oc-currence 

Two mineralization ~tages. earlier and later, are discriminated in the veins ofToyoha 

depesit based on the cutting relalion among the veins (Akome and Haraguchi, 1967). 

Yajima and Ohta (1979) indicated remarkable difference in mineral assemblages between 

the stages. Above-mentioned rare minerals are involved in t.he la~Nitagc \>eins , especially 

in the Sorachi, lzumo and Shinano veins (Fig. 1). They are characterized by high grade 

zinc-lead ore containing notable amounts or silver. tin and indium. 

.-·to. 1 Genendized ~in map of the Toyoha deposi( (after K:mbLSra l!f al ., 1989~ . 
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Kanbara et al. (1989) and Ohra (1989) propo10ed five successive sub-stages in the 

laler !!tag~ mineralization. From earlier to later, they are represented a1; follows; 

A. Formation of pyrrhotite and iron-rich sphalerite 
B. Formation of chalcopyrite, sphalerite and galena with Sn, In, W and Bi 

minerals 
C. l'ormalion or flphaJcrite and galena with Ag-bearing sulfosalts 

U. Formation f)f sphalerite and galena without Ag, Sn and Tn minerals 

E, F~)r!tlalion of manganese carbonates 

Among them, A, B and C grOUP!i are found in the veirn al U1 c southe~tern part 
of deposit, and D and E groups are in the northwestern part. forming an ob"ious zonal 

arrangement of metals therein. Zonation of gangue minerals corresponding to this 

arrangement of metals is also realized in the deposit; quartz • .kaolin, rutile and pyn..lph~llile 
in the southeast, and calcite, rhodochrosite and apatite to lhe northwest (Ohta and 

Marumo, 1985). 
Toyohaite is found in the lower levels (300 m to 500 m level) of the central part 

of the Sorachi vein where basalt lava of the lower Miocene Koyanagiza\t,:a Format-ion 
i~ prevailing as wall rock. The vein consists o f subparallel bands of A, B and C group 

ores and it is observed that the last one partly cut acros~ the rormer two. Toychaite 

has been recognized in fine-grained massive pyrite-~phalerite ore of B group. 

Under tht: micrmoopc:, pyrite with rugged margin is cemented by sphalerite and a 

bit of galenu. Hocartite, Loyohaite and rhodostannite of lrregular forms, several tens 

pm to 200 pm across, usually show jsolated distribution in sphalerite (Fig. 2-1. 2-3). 

They are often situated at the margin of sphalerite grain and in drus-cs associated with 

quartJ; and kaolin. 
Toyohaite and rhodos.tannite arc aggregate of small crystals whose indio,.iduaL grain 

siLe ranges from 1 to 30 ,um (Fig. 2-1, 2-2). Abave-mentioned ore minerals are more 

or less porous except hocartite and galena. Herzenbergite. berndtitc and teallite are almost 
always in druses and the former tv.·o often replace neighbetring rhodostannite and 

toyohaite (Fig. 2·1, 2-S). Other associated mineral$ are marcasite, pyrrhotite, wurtzite, 

cassiterite, and the unnamed Zn-ln sulfide. No chalcopyrite nor stannite i~ ob~crvcd 

in the toyohaitc-containing .specimens. 

Pbyslcal and Opdcol Properties 

T oyohaite is found onl)• mkroscopkally. and it~ megascopic color and streak are 
not known. Abovc-mcnticmed mode of aggregation of toyohaite impeded precise 

measurements of Vkkcrs. hardness, though its polishing hardness is sJightly lower than 

that of the associated sphalerite and nearly equal to that of hoccutitc:. 
The reilection color is brownish grey, faintly more browni~h Lhan rhodostannitc 

FlG. 2 Photomicrographs of toyohaitc- ar1d the as8ociatc=d mineral ~. 
l Toyo b.aite par\1~ r~placcd b~· fi no:--grotinecJ mixture of herzenbergite and bcmdtitc . Pla ne 

rcnected li.f!h l 
2. Ibid. Cros.;;ed pol.at~. 

3. Tc)'ohalce tmd hocarrite in t he matrix of .~phal<:ri l.c 

4 Ho..:arti~~ ~uJ riHJr.lr.m~nnitc in sphalerite . Gangue mineral~ (hlad) are quar1 ' · and dickite. 
5. Rhodostannit:>: r~placcJ b)' h(n:mbcr h:ite. 
6. 01t"ckered l w in~ v f toyoh<l~te. Anisotropism i~ cnh an<"=cd by Xcnon·lamp illumination. 

Abb: h= htr zenber~ ~ te, ll·b=het.r.r:: r•Ot:r~ite mo~ly replm.'t"ll bv berrultlte , hc-=hoc:utir~. 

p -pyrhe, r = rhodoHannl(e,· ~ = snhaleri le, t - loyo!Ht il.c 

ll.ar st:ale in each phomgraph repre~ent~ 50 p.m. 

225 
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TAOLE I ()ptk:Jl ch.:m:lct.C'n o i toroh<lilc, rh<,Klv,Umnitt and hocartll t 

1 ·----!----"'~.:.ol:.c•.:.• 'c.;.'';.." --+-.:.".:.••.:.•.:_":.:"':::·•.:_"~"·- ho.::!lr\ll ~: 

r:;:, hl"n,.-.. 1 !'-~. " ' "" ' l e n Lor U"Dl$11 r r &Y •J t h ~·!colt' r tJ~l:. · 
brCNT~ t.t. • r: t.oyoha.l tc ~e ~t b ro.., Lb.;,n t.oy·ull.8l tt 

111 r c1'l c t.llnec 

AOi sot rw7 di•tlaet to J t"I'Oa J . -u "..o dJ atln~t . dha .:r.ct U1 u .rutot. 
pl n~ :ab ar:ay w dark e r at:fl t'ttoei\Uil 6.r a:t 10 b lvt .. ll cr•r to 

>'t:d~J•b b: ..,..a "ro.....:.: s l\ r ra7 

.w e~ac-t anc-• 2:!-.5- :l" . ~\. 1 / .<;g . "~ • l 
i •e ~m. ~ ~ t: _:-:J ~ . :.~, •- 1 

I •• 
dtatk., ~wtl t.,ltt : eh•<'k•r•d tw~r. 

• l :C'•II•f l ('l :l t.cl)'llhll l t a. J otl&u a •. pl<;:-..~ 1111&;1:1 

·~ ~~· e t e~ . t11t':"·l ) 

• 2: Jot. .. o • t: ;~~cot Cl\1~~ :

•.f :li..._.,..,.:'\.l • r..d $u.• akt (19S6 ! 

and hocar titc. V~y weak d ichro ism is discernib le in air system. Anlsotropism is c.Ji~incl 

to strcng with polariatlon colors changing from greenish gray 1.0 reddish brown. No 

internal reflection is observed. Twinning is recognized under high magnification (Fig. 

2-6), anrJ b similar to the checkered twin reporltSi for cupriar' lt)}'t)h aitc (Johan and Picot, 

1982). The measurement or reflectance us ing Leitz microphotomctcr (SiC standard) was 

made on polyaystalline auregate at rour .;tandard wavdeiJ!:ths in air: 23.5 24.3"!o (480 

nm); 24.1- 26.1 % (S46 nm): 24,7- 26.4'1• (589 run); 26.5- 28.30/o (650 run). 

Optical properties of loyohaitc, rhodoslannitt and hocartite al'e summarized in 

Table I. 

c~~tallo~r.lpiQ' 

Single crystal X-ray studies could not he carried out beca1..1se of the- :small cr)IStal 

size as described above. Several smaU fragment~ of toyohaite were car~ fully picked otlt. 

from the: polished sections under optical rnicroscope. These fragment~ were iround 

togcrh t:r and fo rmed into a. sphere of about 100 J.IID in d iamClcr with ~ small amo unt 

of adhesive agalb . X-ray powder pa.tterM of lhc specirna:J were measured using Cr 

Ka radiation and a Rigaku microdiffractom~tcr equipped wilh a floe ~;ollimator of 

100 ptu and a PSPC (position scnsWve proportional counter}. 

The X -ray powder data were foond ' " oorrcspond to those of rhodo•tannite (JCPDS. 

tto. 33-465) after the eliminatio n or weak reflections due to sphalerite and pyril.e. The 

similarily of X· ray powder p41t1~ to rflodostannite indicates that toyohaite h~ the same 

srrucf.ure of tetragonal. /4 / a ~that of rhodostaMite. Cu2FeSnlS8, reported by Juma, 

ec al. (1979). Thl;!' reflections were indexed after the reference to tho.se: of rhodosr.ann irc. 

The X-ray powder diffraction data are shown in Table 2. The cell dimt:ns.ion!' were 

calculated hy the lca:il-squares method from 10 r~flections with 2 0 >10°. The cell 
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TABU:! X·ray powde-r dif rraction d111 for toyobaite 

;(...,(:\ ) d,.f,\1 hkl ~ l t . ... :.\) ri.( A ) "'' It: .. I 
1. 1 0? :t2:1 

~ . 1"!' 3 . 77 l .78l ( 1 . 185 ~ t! 1 :!.-1"17 
3.7.2 ~. ':'3 i <lO " 1.67a J .tl"1'l ,., 
:\ .1" [ :S . %4 !~~ 1 , .. 

r 1 _6:;> 1 3 . .10 J . fl 9 !~~ ] 
3 . 1n 

\} . tilT 

J.SVl 
2 . ~ .. 2 20 ·" I.!S.:J:S 1. .!!:!~ .,. 

L Z-•2 :~! J ,. 
:.1 .40 [ ~ : .i~~ -41~ 1 

l . :\3" AO."' 1 
:.1.1& Jl~ " : 1. :rrs <4 JJ J 

2.03 2.0~ , , 
" 

1. 3"13 ~ :Ll 
2 .03 3:<'.1 

1.3-82 t .n., 
l-320 L 3 19 ... 

l. U i 1 .l2~ [ 1.228 !ioO& • 
1.22!. •Jt ~ 

con;tanl< arc tetragonal, a = 7.464(3), c= 10.80(2)A and V ~601(1)A1. The density 

calculated from the cell dimensions and the ideal formula as z = 2 is 4.94 glcm3. The 

larger cdl dimensions of toyohaite as compared with thO!e of rhodost.annit.e (a = 7. 30.5, 

'-' "" I0.330A> are due to rhe substitution of larger Ag+ tor .smaJJer c u+ ions tn the 

tetrahedral sites of rhodostannire~typc: Urudure. The axial ratio, t..·/u, of ro:,.·ohaitc: is 1.447. 

which is slightly shifted from 1.414( = .!2) of rhodostannite. If the axial ratio in the 

subcdl correspondiD.¥ to chak:opyrite is used. the ratios, " ' Ia ' (here. " • =-- r/ 2 and 

a' = al ./2), of toyohaite and rhodostannitc are I .023 and I .000, respecrively. It iodicatco 

that the cell of the Ag· variation. loyohaite, i~ deformed from p~udocubic cell of 

the C u-variation, rhodostannite . This kind of deformat ion from the pseudocubic cell 

is observed in the other Cu-Ag •ulfides such as stannite (Cu 2FeSnS.J - hocartitc 

(Ag,FeSnS.J, kc:stcrite (Cu,ZnSnS.J - pirquitasite (Ag,ZnSnS.), and roqucsi tc (CulnS,) 

- Agln~. in which the ratios, cl o, arc a11 follov.'S; 

<tann ite, 1.977 (Sugaki et al. , 1981) 

hocartite, 1.909 (Caye el a/. , 19687 

kesterite, 1,999 (Schafer and Nitsche, 1974) 

pirquitasite, 2,044 (Johan and Picot, 1982) 

roquesite. 2.00S (Picot and Pimo~ 1963) and 

A11 lnS1, 1.906 (Roth et a/. , 1973) 
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Chemistry 

Microprobe analyses using Shimadzu EPMA·870~ were made. ·The resultii arc given 

in Table 3, where three analyses of materials from the Pirquit.a.'l deposit. Argentina after 

Johan and Picot (1982) are tabuJated. They correspond to cuprian toyohalte and argcntian 

rhod.ostannite. Chemical analyses of argent tan rhodo~tannite (R in Table 3), and hocarlile 

(Table 4) accompanied by to)ohaiie aho wt>:r-e pedormcd. 

The most Ag-rich and poor analyses ~vt: chemical formulas: 

(Ah,,Cuu 01l x ~.,CFe,,,.,Zn0.05Cd0 oz) x 1.04Sn2,.,,s,,, 
and 

(Agu.6Cuo.6i> r 1.9o4(Feo.:tzZno.I6Cdom) I IJnlSn2_~'1:1no.m> I 2.%s"1J\l 

ba'ied on 6 total metals. These are close to Lhe idea] formula Ag2FeS1~S8 with minor 
substitution~ of Cu for Ag, Zn and Cd for Fe. and In for Sn. F'ig. 3 reveals a solid 

~olution between the toyohaite and the rhodostannite from the Sorachi \'ein. Observed 

variations in Ag/(Ag + Cu) and in Zn/(Fe + Zn) for the solid solution are 0.65 to 0.99 

and 0.04 to 0.22 respectively. 

T ARLF. J Repre~entati••e the111ic~l colTlpo~itions of toyohaite and rhodostannlte f rom the Toyoha 
depo~it, in wmpari~on wilh thmt: from tht Pirq11!tM deposit . Argentina . 

T· Toyohaite from rhe Sora.chi vein -400 ml.., Toyah~ d~l'O~i~. 
J: Cuprian ioyuhailc (J I ,J2) and arge.ntJan rbodo ~ranni te (JJ) hom the Pirquit;,~ l'h.•po~it. Argentina 

(Jotlrul a11d Picot, 19.82). 
R· 1\rgentian rhodo~tolnnite frnm the &lrachi "·ci:1 ---4NJ ml, Toynha depo!'.it. 

Elem,.,.,l ... T2 TS T< TS Jl .. 24.39 20.01 U.1!il H .. :n IL 77 :S. 'T :S 

Cu 0.14 0.20 3. 2~ 3.67 5 .l!i 1,>, 75 8.23 ll.i&D 13.lA 

f < &.2!! .5.S.2 !5.86 .5.13'1' S.H B.5Cl 15.-42 6 . .80 8 .08 

Zn 1).~. 0.-47 C.!i9 0.1!7 1.29 O.OCI 0.0() o.oo l.~& 

<d 0.2~ O.IW 0.00 0.14 n .a. ... ... ,, U.24 4(} .49 42.51 4l.SO 42.01 ~2.M ~3. 4~ 44.2t A4, g !'i 

Ll.Ol'i 0.07 0.21 0.35 0.17 n. a. . n . .a.. r.I.U 
2S.l6 ;:!7 . .86 ::.!9.41) :.!!!.3D 21Lol:l 31J .l5 !}0.21! 3:.47 3[1.10 

10Cl .8tl 99 .58 lO(l.~Z '!!~.,.. 51~.1Hi 1(l0. 2 !1 IQO.HI tOO.t!e 101.'1.1 2 

i\~t/l.·\I"•Cu ) 

a.toe~lc ratio 
o.9jj o.'l't o.75 o.es o.s7 

fOr'!lllJ..l.t.'!'' biUI41d on !I total IIU!":.B1: 

Tl (AI: a .• ,.cu.,. ""l ,, . ... (I'" e., .• .,.zto .. . .. . cd., ..... 1 u ...... sll., •• s ... ... .. 

T.2 I AI ... •• cu., . .,,.,)~"', .... (Fe.o .. .. z~ ....... Cdo • .,.) ,., .... [ Sn •.•• l n ... . .. .. ·1 .... .,.,S..,. .... 

T3 I~·~ ..... cu .. .... J ~ .. .... (iii'._., .•• :z~'"'· a•l•o .... j Sot~;,. . .,,.Ir~., , ..,..,) 1.11, .,.,.s .... •• 
( Az1 ... ..,.cu., ..... )~~ .... r"l'•,. , . .. Zila. ~ • )J • .... ~ Sn ...... !no ..... l •• ... .. s ....... .. 

T~ ( Aa •. .,.,t,;u., . ••l ~ ....... (~eo .•• Ztoo. ,,.Cda. ,.,] ~ ~ .a• I Sn,. .• alno .o:r.) ~•· .,,.s.,., ,.,. 

J: ( A:c; ... ,.cu., .•• l za, oafca .... sr,, .• -s., .• ., 
J 2 1 ,.. ....... cv .. . .,.J ~" .•• F.,., .... s .. ., ...... s~ ..... 
J.:! [Az,..~~Cu . ..... l . ..... re., .•• sn ........ s ...... 

0 .14 

ToyohaLte, Ag,FeSn1 S~, a new minerai 

T ABLF. 4 Rl!fH't'St:n tali\·c:- "hemk:al compositio n~ of hocartitt coexis1ing wi!h toyohalte at S<x"otchi v~; Lr1 
-400m1. of the Toyoha deposit. 

At 4\ .. 'i S ·H.l3 41.43 41.5.J 40 . .138 
Cu :> • .21 o.:u C.3'9 0 ' -~9 .. 1.411 7 .!!3 7 .3.oi -'.l.lY .1.~2 

Zn 3 .JZ 3o.l.J 3.20 2 . 22 

Mn :).OD O.OoO Q ,OV 0 . .:0 9 

Cd 0 .44 Q ,I)Q <>. ..;8 
2~ . .!ill 23.1ll :!4.0~ 23.93 2.3.1!:1 

lu li .QQ 0 .1.16 001 Q ,O D 0 .1)1 

' 2•. 31 23.8L 24 .07 23 .Q :O 2.:L~2 

10CI . 55 I.OO.:EI 1 ClO .•U ~OQ • .2 6 ~<J. z~ 

Ar,J [Ag+Gu' (1. .99 O.IHI 0.1111 0.9~ 0 . 9S 

a t o1111c- r11.t!o 

FO>rllula.r~ !>.._,.,.,.1 <><'1 !I t o Ln1 .u ~<;>,.,a; 

~ [II"" . « 1 C:.t .. , "":' ~~ .•• ,{Feo . .,. "zn ...... .,.) ~<> . • .,.sn .... o .. S ,.. •• 
l I~&""' . .,.,Cu0 . ,.,. j ~" . .,,.\F uo, .,.,.Zno. ,. .. ltn a, .,..,Cd o ·•" J • ~, ~ -Sn • . ,.,.,~;~ . .,.,. 

J [All'". ,. .. Cuo, ,.., ) s• . .,.,.:!' ,.,. . ,..Zt'l ,. . u•) ,,. . ,. .. Sn ....... ~ .. ..... 

.. (A if,. . .,,.ca .. , ., .. j ,,. . g.~ Fe ... . .,. .,.;r.11.,..". ~ ~"' .... sn, .... ::~, .• ,., 

.!i [ 1\jt,. , ~.,Cu0 . 0 ,.1 r • . .,~ ~F110 . ~,.Ztln. · . .,'Jin,. . aaCd.., . ., . ) ~~. o oSn·., ., ,.s,,.._ •<> 

Rhodostannite detected in the drill core sample JTU2-642 .Jm (MMAJ, 1990) from 

about ."iOO meten west-southwest of the lzumo vein (Fig. 1) i.~ poor ln bo lh ~ilver and 
zinc1 and it'i compositions are not on the trend of the tcyohaite-rhodostannite solid 

wlution (Fig. 3). This presumabty reflects the difference of localit ies . The malerials from 

the Pirquitas deposit exhibit cherni~l composition~ intermediate between royohaite and 

the zinc·p<.JOT rhadmtwmite from the drill core (Table 3, Fig. 3). and can be explained 

as solid >Oiuliom of them. Though the highest Ag/(Ag + Cu) ratio of toyohaite is 

comparable to that of the associated hocartite. significant difference of the Zn/ (Fe + Zn) 

ratios between the two is rocogni.<ed (Fig. J). 

Gtnetlc Consideration 

SpriTlgcr (1968} repor ted an a~sociation of stannite and rhodostannite, saying that 

the latter is an alteration product of the former and that the porous texture of the latter 

is explained by a shrinkage in volume during rep lacement . Rhodostannite and toyo halt.e 
t'rom the Toyoha mine also have the same porous feature. 

From the ob~ervation at 200 to 300 meter levels of the southern Sora~;:hi vein, Ohta 

(1980) .showed that hot.:arlitt: and Lhe wmamed Ag-ln sulfide are considered to be 
replacement produ.;:ts after stannite and the unnamed Zn.Jn sulfide respectively during 

the sub-stage C. 
As mentioned in the preceding chapter, stannite is hardly seen at the portion where 
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-~ N 
• T- 33 
o H - 14 
o R - 8 
~.A- 1 

0 J - 6 

0.0-P!----------~-----------l 
o.o 0.2 

Zn/ IFe+ln} 
o.• 

F lG . 3 ,o\g/ (Ag ... Cu) vs. Zn/ (Fc + Zn) diagram ror wyohaite, rhodosuumlte, and hocar tlrc 
frorn the To)·oh;, deposit in comparison with similar pha;;e5 from the PirQuitou c.h:pu~il. 

T: 1oyob111ite, H : hucan~~. R: rhodos.~aunilc (litis study) 
A: rhQdos.(a unil t: (HJ)'a~fli and Sugal i, 19M) J : argt:ntian rhodou a nnite andcupria.n loyt>flll.ih; 

frnm the- P irqulcas deposit (Joha.n and P~t. 1982) 

SlOOO, SR400. SR4.SO: S0rad1i vein -:lOOmL. -toOmL, -450mL 
JTU 2: Dtlll core .s.arnple JTU2-642.3m 

rhodrntannitc, toyobWtt and hocartite are obserVed, although it is a rommon. mineral 

aS<ociat<d wilh d1alcopyrite nnd sphalerire in the neigbborin£ area. 

It may be possible to soy that toyohaite, together with rhodostannite and hocartite, 

is a replacement product afler slannile at the suc.cessive sub-~t agcs C and lJ and !.hal 

total replacement took place in this case. Mineralization sequence for rhcxlostannhe, 

toyohaite and hocnrtite are not well established yet because of rheir isolated occurrence. 

It is clear that herzenbergite, berndtite and teallite have bcc:n form ed after the formation 

o f these three minerals. 
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