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                     xNTRgbwc'TxoN

    The eb2"eet {xnd seope of ithe papue7'.-The most importalit
,geoleglca} feature of the Suia,n distrlet･ is the stock-}ike intyusien ef

granitie vaagmas into the Pre-Ca.mbrian sediments. As a result o£
this intyttsien various kinds of metainoyphic yoeks and miAerals

were produeed by thermal, pyxemetasoft3a:tic alld kydrotheymal
aet･ion. [l]he preseRt paper purperts to deserih6 the graititie and

metamoyphie yecks and miReral deposits of the distriet aRd to elayiEy

the details ef the histoyy of magmatie aetivity aRd oye-deposit･lon.
In partieular, elae diseussioft ef the progyessive xr}etamoyphism of

earbona£e yoeks and of tke pavageltesis ef go}d-eoppey-bismgtin oyes
as well as ef boyon-ma,gnesian mik6ra}s will be giveit speeial atteii-
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tion in this paper. Detailedi deseyiption ef £he iitdividgal mkierals

"ril} be giveli in a sepawate paper.

    ILoeation.-{l]ke Suian (Sua}B2) district, K6kai-b6L'}, a £ameus
gold mining district ilt Ty6sefi, is i}i ehe eentral payt of the Ty6sezz-

        geig. 1.

peninstila, about

(Pyeiig Yang)3),

X26018'. The

i"""i "1"ii/ '''"' "'" 11,,IIIIiil"iiiliS.Jiiiil i.

"k,y,?i/tt,}r･'e-///iL･/r/,/.//i/;/･;,,,ll,Ii,･･//L/:g,1,;,iii･-i///////-･f;//･t,

  Inctex map showing the loeation of the Suian distieiet.

  75 kilovaeteys east-so"th-east of the eity o£ illeizy6
    approximately at la.t.itgde 3g05ei anct loiigitude

loea･tien o£ tke distriet is shown in Fig. X.

g) tses 2) Xuams 3) flSpt
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            '          '
    Previo2{s Wo7'ks.-As the Sgian distyiet kas been t-he seene of

a.ctive gold mkiing opeyatiens foy more thak a century, geo}ogieal

suk'veys fey mineyai resogrees weye freqgellt}y earyied out by iiRaRy
geologis'ts. Whi}e forelgit cott:ipanies keld t･he eeltcessioii ef the

Suian district, the aren xKny'as examined by Europeaii and American
geolegists.

    IR 19e3 the mode･ of occuTyenee of gold in the eentaet zone of the

SuiaR stoek "ras fiyst explained byiefiy by by. R. Bee}<(D in his text

boek, where ait ttecogRt is givell by tke observatioRs ef Saziey, a

German tya･vel}er.

    in 1903 Dr. Nakazima(24), then a miniiig geoiogist o£ the
Mksui Company, xnade a, geelogiea,I suyvey e£ the Kot･ud6i> (}{ol Ko}
ow Kol--gel) mine, which ls the eldest mine in the Suiall distyiet. iE{is

repert, however, }tas iiot as yet beeR published.

    In re9e7 Professor T. Iki and S. Sgz"ki(9) suweyed the area
wkeit a geReyaE geologieal survey fe.r mineral resogyces was tmder-
takell in Ty6seii.

  ew Later, the mateyial eolleeted by Nal<azima and by Iki was .criveia

ovey to tke late Pifo£ B. Koto(g8). I}Ie examined the mateyial k}
his Ikboyatoyy at T6ky6 and gave detai}ed petrographie cleserip£ioRs
of rocks a.nd eyes froixt the "Hel-gol" gold mille in 1910. He eolt-

eluded that the "E{o}-gol" deposks skeuld be assigned to the categoyy

e£ the eontaet-metameypkesed deposits. I}i addition, he iioted the
a.bLmdaftt eeeuryenee of "i}vaite" which was latey ldentified as lud-

wigite by Shamion (25, 26).

    Skertly after the commeneement o£ mining opewatioiks iR the
eencess2oii by the Seoul Min!ng Company, the company requested
Dr. ID. I[i". [Eliggins (5, 6, 7) to make a topegyaphie and geologie sLu'vey

o£ £he distriet. This survey was made in X91rtk and ki 1913, and his
Teports were pyeseRted to the eompany in 1914. A payt of his weyk
was also publlshed in the "EeeneTnic Geelogy" in re918. Iii his
reports, a somewhat dietailed genetieal eensideyation of the gee}ogy

alld genesis of the gold depesits were giveR. It shotikl be noted

heye tha£ ke gave a itew mineralogieahkame "eollbyanite" te the so-
ea}led "ilvai£e" of Kot6, yegarding it as a nGw mineral, pyyexeiae
yieh in iron. The geoleg-ieal map of the contaee zone, to which the
na,me "Cellbyan eeiitact" was given by }IiggiBs, was printed oR tke
seale of Z:18000.

   2) Mira
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    In Z914 rc. {Varfiura and Y. TlruyuTRayu(27>, geelegists o£ tke

<2:eological Suyvey of Ty6sen, published a repoyt on the geelogy o£
the Suiaik distyict. Then, at the time when the IIIel-g'el (lepesits

weye believed eo be almost exkatisted, the late by. Malce}m Maclaren '

(26), was kwited by tke company te see whethey the celteessioR was'

wortb. fzirther exploitatioft. Maelaren skidied the eeposits of the

"Col}byan coirtaet" ai{d eofteluded tbat the "Suan maine" (the olct

name fer the pyesent Kotud6 rnine> was approaehing exhaustioii
vgrhile the operatiens at the Tul Mi Cktmg minei) (The Nantei mkie>,

en the other hand, were yapidly expail ding. Althougk he notieed tke

styLiet"ral eoxxtrol of ore depositioR and the zoiial distyib£itien ef ore
deposits, his atteRtion was but little diyected to the scielttifie pyoblems

invelved. lle paid no attentioik fer instanee, to the miiiera} pnrn-

genesis o£ roeks alld ores. ,
    In i9X9 A. it. Weigall aiid J. W. Miekell--itebeyts(31), rrkinkig

e}kgi}}eers o£ the Seovtl MiRing Company, outlined tke geology aitdi
ere deposits ef tke distriet lll theiy report en the technfca} questio.its

o£ mining in the Sgiaii eoneessioii.

,,,,.S,iregAe,A,ng.l･:Oglg,gt,,2r//ge.saS,`:fum,alnt-x',w,S`,ht,ke,.Eell,eg.ag

been Tnai}y short articles en t･he miRerals and the miniRg in the

eistrict. In 192i, E. V. Shannoii (25, 26) yeexamined tke "eolle4

branite" fyom the ffol Ko} maine and identified it as ludwigite.
Fvirthermoye, many papers on the various minerals fyom the Suian
distyict were published by several investigators sueh as Z. IE{{arada

 (3, 4), H. kiuzuka(le), IK. Kinoshita aRd N. Nishihara(12-15>,
Wada(30), Virataiiabe(32-38) aRd others (2g, 29>.

    Althoug'h C. B. Fester(2> studied the Tul ]N([i Chuiig geoleg-y
in 1934, his repeyt 'vLras not publlshed. eecasioiially treports on the

technieal eperatlons of this mining district weye publisked by
Isika,"Ja(ll), LeTnoii(19), Weigall aiid Mitehel-RobeykLs(31), anct

ethers.

    .F>resent bLvestigatio7z.-In X93e, ?rofesser [l]akeo Kato of tke

'])5ky6 ImperEal Univeysity fu"st Ciireeted the writer's at･teRtioii' to

the sttidy of pyrometasomatism in the Suiai} district.

    The writer speRt abo£it two and a half months during' the suminer
of the yeay 193e ii} the field for a, geologiea} survey aiid the followigg

             . .. t.t.t...tttttt. t. t. . . ...t.t..t....tt.t.......7........ttt.t.ttt.t-tr..tt.t.tt .t.. .. .... .t. .

   2) pti;?;･eeLtg '
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six nconths fer tl3e laboratory investigatie}i ef the reeks and ores.

Hig firse yepeyt oit the geology and ore depesits ef the distyiet･ was

preseiited as a gradtiatioii thesis at the Geole.crica} IBstitute o£ the
T6ky6 Irnperia} Vi#versity lii the spk"ing of the year 1931. As his werl<

was Bieomp}e"L'e at that time, he deeided to make a fvtrthey deta"gd

study. The work has -been ee}}tinuted til} noxxr. Xn the meanwhi}e, m

Z93Zrv, he becamae n ev}ember o£ the staff of the Departrrieiat o£ Geolegy

and Min'eyalogy of the IE{{ol<kaid6 Imperial Vniveysit,y. The sueees-

sive fie}d weyl{ was 'Lmdeytaken lii A.uguist, 1931, fyem Jtmoe to
August in X934, frem August to September in 1939 aiid ik Apyi},

294X. Iik these peyieds the g`reater part e£ his woy}< was eoncentrated
eR the study ef the surfaee aftd gndeygroulld geology ef the Kotud6

aitd Nantei aveas. The peyiods intewe}iing betmpeeit the field seasens

weye spent, frervli tixrie to tiTne, in ehe laboratewy exaTninatio}ta e£

the material from £he distyict at the ffokkaid6 Imperial Univeyslty.

Y[irthermore, a pare e£ the material was a}so stgdied at the
}aboyatory of the In$titute cf Miecteyalogy and Petyog'ra.phy at t,he .

Uiiiversity of Bewlin, vgT}tile he was staykig in Beylin in 1937-l93.g.

                                                   pleasure m    Aek7zozvEedigm･e7?ts.-'IJhe virriter takes partieular

expyesslng kis simeere thanks to Pyof. Takeo }<ato of the T6ky6
Imperlal Univeysity, at whose stiggestien t}iie pyesent iRvestigation

xvas uii(leTvtakeR, foy helpful eyiticism and a(lvice duri}kg e}ie woyk

    IEIe also x?yTishes to thank Professoy K. Uwatoko ef the rl)6ky6
gwp,e,r,iai,,,Y,n,ix?.g.sit¥ih,P,"wsss&y.g,.{-,,E.e,Z"}Y{,,}i,SY?S.S,a:d,.l,sS.a.Sg

eritieis'{n. .    ffe evk7es a debt･ o£ gratitu;de to the mining eitgineers of the Suian
mlning c}istrict, wko gave keayty ftssistance iR many ways during
the fie}d w･owk. Te Messers S. Nal<al<gra and K. Unemura of the
H&k6 Mining Cempany; T. B.en and K. Kin of the Kotud6 IKinl<6
I<vimiai; }<. Seike, S. Kate aRd B. SoReki ef the Nippoll ]XC{ining
Company. S. Sat6 ef the Seou} Mini}ig Company, the wyiter is espe-
cially !ndebted. The late Dy. S. Kawasaki, the formex l])irector ef

the Geo}ogieal Survey e£ Ty6sell (Koyea>, and Dv. I. Tateiwa, the
Direetoy alld ether officeys o£ the Suyvey dld eveyything iR their
power to facilitate thls woyk and ke wishes,here to express his sineere

thanks te t･hem. ' ･
     At the Vnivewsky o£ Berlin, Professoy ?au} Ramdekr aRd Dy.
Hugo Styunz effered valuable sttggestiolts aiid adviee while the writey

 was staying at tlaelr institate.
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     Thanks nre also due to Py6£ T. It5 of the W6kyS XmperiaX
 Vi#versky, foy his kind adviee nRrk peymissioii to yeprodgee t"7o

 eeley p}ates of the kotoite-marbie prepared £or his hoolg entitled the
 `7apanese Mineyals in Pictuyes".

     Whe writey is very much indebted to bys. T. ¥esiska and S.

 ]N(Eiyagi o£ the Hitati Researck MnstitL}te, Pyefessey S. Nagai o£ the
                                               A [I]Sky6 Imperial Vniversity, I))y. K. Tamuya ef tke OsaR<a Indgstrial

IELabeyatery, Dr. IE}I. imuzul<a of the Reseayek Iilabei'atory o£ t}}e [Er6kyS

 Sibagra Eleetyie Co. and by. T. Asayama of the SyCk6sy6 Ceramie

Maheyntory, wke kindiy supplied him with the chemieal data o£ the

yeeks aitd eres. ･ i
     Finaliy, the wyitey wishes to aeknewledge grakt$ fyom the
 ffgzitn keseareh P'wnds of the Exnperia} Aeademy whieh i¥iade a part
ef his field worl< pessib}e ai3d fyom the Japan Seeiet･y fgy the ?rome-

tioR of Scientifie Researeh whieh emabled kim to eayyy gn h!s labeya-

toyy i}westigatiens.

    Physiog7oophy.-Whe physiogyaphie featgyes oz" t'he S"tan nyen
aye semewhat yugged in eontrast te those of ffeiz.v, 6 distriet lmewii

as "Rakuyo-peneplalRi)".
    [E]he aveyage height ef the peopled area in the distylct is about 366

xifteteys above sea-nyleve}. A loRg ridge, runiilBg ki a N.W.N. diz'ectioll,

a# tke highest point of virkich is located t･he summlt of t･ke Gemslnsan

 (VnjinsaR)L') (1119.8m.), divides the mapped distyiet inte two
regions; the northern aRd southern regioRs.

    In the writer's epinien lt is posslble that the pyesekit featuyes
of the distriet repyesent a st.age of vaaturity. Ip. the iigz"tkern regiolt

most e£ the streams run noythward £or a distaiice of 3-5 kilometers,

£oyming transveysal valleys, and then ehaiige their £eurses towayds
tke east and join to beeer¥xe the Ul<63) wkieh in tusci fiows lnto the

baid6-NaRk6,`> tke greatest river hi the vicinity whieh yuns fyom

east to west. The widtks o£ the valleys are relat2ve}y Bawxow aird
the ayea of deposkioll ls ustial}y small; and the villages ancl
faymsteads aye confined to these RayreNKr spaees algftg the rivex.
eR the northeyn side of the Ul<S, the Ty6ma-Saii3, yaRge }'uns iieayly

pa-yallel to it.

    en the ether }ia}i(l iR tke southerR yegioRs, tke yivers generally

fiow in the yeveyse directioii ahcl moxeover the vagge}.r-s ai"e eem-

   1) esrktw2ptee 2) ifgept 3) ptiX'(V-gaftg oi' Oo-Koltg> 4} Jitrwast
(Nam Wai Tong Kattg) 5) tf ee su
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parthtively wite. [g]kere is £herefore a largey population aiid agyieul-
tuye is much yxtore developed.

    Tke morpholegieal £eataves e£ the district have close relatioii-
ship te the geikeral geo}ogie strueture. Tke pyesent I>}iysiegraphic

appeayallce of tke distriet has been eentyolled pyinclpally by twe

dorviinating faetgys, ehe ehayaeter ef rocks and the geolegie strLic-
t'"yes. l]he quawtzite beds iRvayiab}y beeome high and leng e}iffs te

t}}e segth, foymaing Rsua}}y ]eRg eeit£inuous ridges while ehe limes-
toite and dolomite pxesent ye}aeiveiy low and broad suyfaees.

    getweGlt the Rert}}ern an(l the seutheyn yegions granitie yeeks

are exposed and feym ekayaeteristie feattiyes in contrast to the

surrouRding sedimentary reeks. Owkig te hemogenei£y and to
greatey yesistanee ee weatherlng aetien, the radiai val}eys have been

developed in tke eentra,l GensinsaR area where the gtranitie roeks

are fetmcl, whi}e ln the sedlmeneary ayea the yiver-eoRrses are al-

ways determSned by the ge}3eyal tyeiid o£ sediments except ifi some
eases ivkJhere, fer example, dip faults determine the river-eeurse as

ki the Ketkid6 valley. A few tyaRsversal va}leys, furthermore, have

been £ormed by anteeedent rivers as iR the ease of tke Nantei valley
and ethers.

    ReeGnt uplift is gexxeyally showii by the rivey-teyyaees at 5e-

reOe metews above t-he preseRt suxface of the yiver-water, oft whiek

tke old geld hill-plaeetis (or terrace-placers> are £oulld. (For
example, along the itituyii) river and Na!kinriL') val}ey).

                          ckmpgew XX

         GENERAL GEOLeGEC evEATWRES ew rme
                      SWKAN MSTREC er

    Iii tke neyth-westGyn paxt of K61<al-Da in Ty6sen the o}der sedi-

i:nents, eoRsisting inaiAly o£ extraerdiiiarily thicl< }tiinestone and
dolemite with some in`Lerca}ations of slate, quaytzlte, etc. are exten-

sive}y expesed. iteeent}y a coRsideyab}e payt o£ this area has been
stratigyaphieally and paleentologiea.lly sttidied by maby geologists.

Aeeoydikg to the researckes of ?yof. S. Na}<arviuya(22,23), S. )(Eats"-
shita (21, 23>, N. Ikebe(8) a'itd othey, this seyies of gyeat eaybenate-

   1) rk¥ (?amini-jaRg oM PaE Mi (]}inang> 2) nftee
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recks is now divided into tke Sye"geni) (Pyoteyozeie or Sinian) anfi

the [{iy6se]3 systemL') <Carnbro-OrdevieiaR). 'i7hese tkielc sediments

are Row yea,yraiig'edi ikto a, eorRplicated structuye with feldings and

thrList-fautltiRgs on various seales. Moyeover, olt aecoullt of eontae`u

ifietameyphism causecl b}r the latey intrusions of gyanitic magmas,

the styatigraphie re}ations of the sediments in the Sttian distriet

have been }argely ob}ieerated. As no fessil bas beeki feulld in them

except seme doubff"l aigal yemains (Collenict･ sp.), eke detailedi
styatSgyaphie erder is n6t exaetly deteymixtable. }Iouvevey, the wyitey

be}ieves thfit the sedixgients in the Suian district wlll be grouped into

the same herizoi3s as these o£ the Sy6gen distyiet whewe the Sy6geniai}
sediments (after Pyef. S. Na･kamura) are typically develeped.

    For these reasoRs, geologieal mapphig is ynost clieccult in tkis

field. More exact and exteAsive suyveys aye neeessayy before we

calt fiRcl out t,he details o£ stratigraphie yelatieiis.

                                    t'

                       Awckeark ifecks

    KeR:zel'i･an g7"ct･nites3) ei' "Gre!f gi?,eiss".-(l]he ?ye-Clambrian base-

meiit eeinplex eonsisting ef oythoglleiss aiid payagneiss is well gx-

posed in the south-west,erii area of this yegiell, a payt of the So-h6-

sani) massive as showii i}i Fig. 2. The ortkogiteiss in this ayett is

pyobably of magmatie oyigin and is veyy rieh in daxk xeno}iths
of sedimentary erigiR. Tkese yocl<s uiiderlie the thiek sedimeRts of

the Sy6g'en system with a remar}<abie vineonfermity. Tkus the yeeks

are now believed to be ayneng the olClest in'the rl]ybseR peniitsula

a"d aye coyyelatecl with the Arehea,R roeks te wkich Professor S.

Nal<amtira(23) has given the name "Kokulian gyanites".

    ]X([acroseopieally tlte xoel<s eeRsist chiefly of g"yeyish orthogneiss

and highly metaTnerphosed sedlments stich as augen-sehist, miea--
seklst, ete. The lnttey two weye evidentiy kierucled-er eaught by

the formey. Vltdey the mieyoseepe the payagnelss shoxvs graneblastie

and porpkyroblastie structures. Bene plagioelase (an(lesine) is

ofteR foukd. The biotite is also o£tell beitt and shows vewy strong
pleochroism Xllstraw >rel}ow Y, Z/lyeddish byown. AbserptioR is
X<Y & Z. The bietite has abutndaRt pleochyoie kaloes ayegnd small

erystals of zireoii. Quaytz is generally preseRt auct shows tm-H

x) itgva$ 2) wak･gek 3) fi., ig ee ig f,ki neu' 4) ewkl2s
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                                   '
dulat,ex:y extinctioii. {Erke se-ea}led "augeiV' e£ microcline is efteii

found.

              ge:otewezoic rgcks (Sy6geyiiafk roeks)

    Tk,e Tyokken series.i)-The Tyok}<ell series (22> navaed by

S. Nal{amziya £or Ty61<ken vil}age, west of ftituyi, rests uneonfe}'m-
ably on tlte basa} eomplex above mentionecl. Whe seyies erops out

ik the sotithwesteyn payt of the distyiet and extends continuously

westwards into the type-loeality of the [i'y6kl<eii sediffteiits. It

eompyises several foymatiells as explained below gowever, these
fermatiens are nee sepayated in styatigraphie order in the aecom-
panykig gGolegical map (Plate XLVI(I)>. 'I]ke lowest bed of the
seyies is ft "vL7hite fuie-grainect quartzite of 2e-3e meters thie}<ness

and cal}edi "Syoganri quartzke"2) by N. Ikebe(8). The sedimellts
overlyiri.o," t}kis quairtzite are yel}ow to brown eo}oured micaeeeE;s

phyllite, ea}lea ":l]yokkeR xniea-sehists"3) and baiided slaty lime-
stoiies which are iiaoye ey less erystalline alld dolomitie. [l hese sedi--

ments clip te"Tards the north, gen£ly in the lower payt and steeply

in t,he tippey-hewizon neay the Suian in£yusive llf}ass aRd strike
geiieyally. NW-SE.
    The uppe4 part ef these foTmfttioRs censists of the dark b}uish

crysta}liiie limestoiies, loeally ealled "Nalltei--limestone4)" (Tul

IX([i Chtmg limestone, after D. W. [fflggins (6, 7)), whlch grades into

ca}eareous s}ate and quaytzite beds whiek are called "Rendaih6

quartziee5) by N. Ikebe.
    Sy6ga]?･ri qzLao'tzite,-Petrogyaphieally the Sy6gank"i qgartzite is

vez'y light in eoloy a,lld has beaueiful and distine£ cleavage paral}e}
te it,s bedding plane. Mleroseopieally the roek is veyy fiRe-gyainerk

and conslsts mainly of granulay quaytz wieh very srnall･ axnounts e£
seyieiee an(l soeeetimes shews maxked schistesity. 'x
    Tyokke･n ･]･niea-sehists.-Immediately overlying the Sy6g'aRyi
quartzite seTne peculiar metamerphie rocks appear. The roeks
colisist ef rnica-sehists ･vLTith interealated silieeous bands; the foynaey

is ustial}y }ighe-grey to }ight yel!ow ki eolorr and fiite}y layeyed.

Undey the maicroseope the mieaeeous payt skows a lepidob}astic oy

g-rano'blast,ie text"we. Welsie bands consist ef polygena} qtiaytz and

albke-o}igoclase. The daurkey mafic band is mainly compesed e£

   1> I£,"asiee 2> /S¥k'eeXse 3> IIwtg--･ev,L,LfL} 4) twg.SasEE:kl} 5> mswakeskX"
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serieite and biotite. The uroeks are pyobably recrystal}izecl fyom

shaly sediment witk Ielttietilar layers e£ si}ieeous saiidstoRe. (}?late
Msl(VI) fig. 2).

    Tyekken labnestonesi>.-The earhenate yoeks ef the T.vekken-
seyies aye eceasioftally inteyealated with the miea-sehists vaentioned

nbove altd their diseributioll is indieated oli tke geologieal map (Plate.

XLVI(I>). Petyographically the roek coitsist･ing of ealeite and
dolomite, is a}most crysta}llRe and shows a wel}-m:aykecl haRdefi
struetutre. In tke vipper hoyizoit ef the Tyol<ken seyies the eai'bonate

roeks beeorne very dayl< in eoloy alld kaxTe rnaiiy fial<es o£ ph}ogopite

alld oeea,siona}ly anhedyal grains o£ quartz. This part of the forma-
tion was named "the Tong Am }imestone"2') by D. F. Iffigg2n$ (5, 6>.

    'l]he tippe.y part of the bnRded oy s]aty liiiy}estene inapercept･ibly

beeomes ealeareogs slate to whieh ehe iiame "the [rrul Mi ChLmg
lirr}esteiie"3') has been applied by ID. [iFR. }{{Sggills (5).. [Beeause o'f

the selective vLreatheying of bnRds having different mineral eonaposi-

tie}i, tke silieee"s payt stands in re}ief above the ealeareozis bahci

as shovLrn in Plate LI(Vb, Fig. 1.

    Rendiaih6 q7La･7'tzite.-Neay the village of Nantei a .series o£
yeeks coRsistkig of silieeeus s}ate and quartzite conformably overiies

the earbenate rocks deseribed above. The £eymatioR ranges from
56 te 7e me'teys ln thickness. Beeause ef the close z'esemblaiice of

its lithologie chayaeters to those of the Sy6ganyi quaytzite both
have ofteik been iRtexpreted as belikg stratigrap}}ie equivaleiits by

different authors. ]I[owever in the vieinity o£ ftituri thg same kiiicl

e£ quaytzite appayently ov6ylies the miea-sehists and limesteiies
as meRtioked by N. Ikebe(8). So it is pessible that the quai'tzite

mid silieeous slates developed in the NaRtei area aye alsg styati--

gyaphically hlghey than tke Sy6ganyi quartzke. The fteixlaih6

qgartzite is oiie ef the pyominent eliff-foyming sedimentayy ℃ocks
of the Suian distriet. Its petyographie chayacter is very similar to

that of the Sy6ganyi quartz2te.

    Sid6g?"{ Se?`ies") (Kotzed6 dolomite">>.-The Sid6g'u $eyies xvith

whiek tke sedimentary yocks of £he distyiet aye eorrelated was i3ame{il
by S. Nakamuya fTom Sid6gu-village situated in the vicinlt}r of
Sy6gen. The series consists mainly ef dolomite and limaestoiie with

seltise layers of slate. tlt eolls,ists Lisually of several formatioRs

   1) ee ut zg ts k' 2) ee ts" av Z}l re 3) es s"{ge･ zz EE# 4) if,lj !}lt #ee ut 5) ew ipt Efl pt- kt,'-
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 grading into one another. The geoleg-ic styucture e£ tkis distriet
 is also hig'hly eomapiieated, so that it is impessible to shovLr the sub-

 divisions oll a geologie map. The lewer payt ef the seyies eonsists
 off gre}', crystalline dolomitie iimesJL'oRes, gk'ading inte t}ae wkite

 er g}'e}r massive dolom2te of the middle payt. wrke uppeif payt o£

 the series is eoixLpesed o£ gyey, thinly bedded Iimestone with
 Collenia, (P}ate LI (VI), Yig. 3>, ballded delomite (?l. L(V), Fig. 2),

 and eharac`Lei"istie massive delomite whieh is espeeially well developed

 k3 the Kotud6 valley. AeeoydiRg te Ikebe, t,he thiclmess o£ the Sid6g"

 series ef the Sy6.oren district is about leeO meters.

     K?t,ke?z Se7"'ies.O-Iii the northeife part of the distriet the earbo-

 kiate yocks o£ the Sid6gu series aye eonfeymably overlain by the
 KIukeii slaty yoeks which eall be divi(led inte ewo formatiolls, inainly

 the Stiiap- slate2) altd the Sekitautturi quartzite3). The Rame o£ the

 series, KtE<en, was given by S. Nai<amuya because o£ its eyiginal
 type eeeuyrence at tke XukeR pass neaw Sy6gen.

      The SkiiaR slate is the £ormatio}i composed esseRtia}ly o£ hlaek
  er gtyeyish gxeeft slate. It develops extensive}y in the westeyn part

  o£ the 1.E<etud6 fault. The Sekitaturi qtiartzke eoxxsists of a very
  fine gyain/ d hard, slaty quartzite and g:ey to blae}< silieeov;s slate

  <Pl. L(V･ >, Fig. 3).

                   Metadigiegeite diykes afkdi sigXs.

      The basie dyke-yocl<s aiid sills which have hitherto beelt deseyibed

  as do}e}fite, .crabbyo-sehist oy "Green dykes" by pyevious investigatoys,

  are /wide}y seatteyed ÷.hyoughoui£ the ayea wkere the Sy6geniaR xoc}<s
  erop otrt. Aecording to S. Nal<nmura a)rd his co-workers, dyl<es
  of this kind have not been dlscovered in the post--Sy6g'enian roeks

  e£ tke K6kai-b6. Theyefoye it is believed that £he dykes were m-
  jected befeye the Paleezoic sedime!its weye deposited. As shewR

  on the geeleg-ica} map (Pl. XLVI(I>) tke diyeetien o£ £he loiiger
  axis of tke exposed masses eeineides generally witk the yegienal

  trencl o£ £he eountyy roeks.
      Pet･regraphy.-Megaseopiea}ly it is dark gyeell in coloy, dis-
' ti})gui.shed easily by its celoy from the suyyoui}ding yocl<s. WeathGred

  geortiops are cempesed o£ dark elive-gyeeft eo}oredi soll. Wbell £resh,

  smal} grains of iron ores wi£h meeallic lustre aiid etker greeii mafic

     [t) eeutec 2) tsersuitXtctS 3) astzggeek'
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mineyals are netieeabXe in the roel<, and a few fe}spatkie minerals

eaR be disewimina£ed.
    "(LTgdey the mieyoseope the original struetuyes andi textLiyes ef

igneous yoel<s aye almost lost. Very rayely £he thick tab"lay foym
o£ the oylginal plagieelase is showii iA thin seeeions. geudigh3g frem
the faint paliecripsest stwLiettire the eyigi}wal roek is probabgy dolerite

ew diabase. The oyiginal plagioelase has now eominenly laeeit altered

into fuie aggregate o£ albke and quaytz, aftd yarely retains its original

£oym. Il)ke zmalterea feldspar eeegrs iR loiig laths aixd skews poly-
synthetie albite-twkmings, thou,gh mainute seeondary mkkerals are
seattered thyough it. Its chemaical eompesition is yokighgy estinaated

as ARr,J., by the ll}aximziin syminetry extiRctioii methed. Ari}phibole

eccurs in two £orrns, wamely in rudely idioTnoyphic form 'with i'agged
eutlkie shevLTing the eharaeteristic uyakite-form aRd in fihrous feym

<Plate kVXI(XII), geig. 1>. Biotite gyaiits alse oeexir kz snall
ameLmts. Entimately asseeiatefi with amp"nibole aiid biotite aiid iiior}

opaque minerals are usually EoLmcl. Althougk the rgrnkaitts of the

original mineya¥s weye not fetmd, these n3ineyals atzee geyobably

metamoyphosed pyoducts derived fyom tke origiiiai pyk'exere. 6eca-'
sionally qunytz or calci'te occtws iR sftiall paeehes. elEiitaiiiferous

iyon-ores are very abuRclant and ehange their form into leueoxeRe
grains with blaek Iame}lae of rutile. . Idiomercphic apatite is univer-

sally present aRd always £resh. As to the metamorphosed pyodtiets
ef metadolerite in the inRer eontact auyeo}e of the Suian graRite, a

byief note wil} be giveR latey.

             '
      Erhe Mesozoke gwtrgesive CompXex (Tke Skximfk intweqxsivec

                          C"meptex)

    Generul feestzLf"es.-[E]he igReeus aetivky of tkG SuiaR distriet

has prectueed twe prineipal classes of yocks: Q> n'taJ'oy intyusives

and (2) ll}inoy intrusive roel<s. The disicyibution ef tke vRyious

rocks is showR on the accompanykig map (Pl. ><LVE(g>>. (E)he
xr}aJoy mtrusive croeks eompyise 3 qLiaytz dioriees, 2 pek'p2f}yxitic

:}raiiodierites and a granite-poyphyry. Numerous miker hkt-yusive

dykes aye intk"udecl inte bo£h tke ¥najor yocks and sediments of the

aureole. Tke eeRtral and highey part, o£ the investigated ayea is

composed of perphyritie p}utonie ey kypabysa} roeks £orming a
very inteyesting igneous complex. The majer igneous mass, te whieh
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the writer g'ives the x}nrne "The Suian Igneous Coiifiplex:)", has

aB eleflgated outeyep 13 kilomeeers in length alld 8 l<ilemeteys m
byettdth at tke widest pa}'t, giving a total outerep of about 75 square

kilometers; the body of the comp}ex tkerefoye beloiigs in size £o the ･
gyoup of steel< as defined by R. baly. This stoek-Iike intygsioll
was nained by B. KotG ehe "On-Jin-Sa" stock" (GensiR-San Stocl<)

aftey- the htghest mountain in the districe.

    [Vhe Ion.cr axis ef the main mass rxiRs fyom xvest-Rerth-west

to enst-seutk-east aiid is yougkly payallel to the regionx.} styil<e o£

the eotmtyy, as shewii in fig. 2. To the west o£ the main xnass a
cempai"atively sma}} &utcyep e£ a slmilar kinct of gyanitie yock is
seen. This cueeyop is 'probab}y a eupela of the main naass, which

kas been concealeCl uiRdey tke coLmtry roeks betweeii twe ikaasses,
se that the meta,morphie effeet eii the ceuAtry yoel<s is very styong

in that part. The total length of eoittaet o£ the stock te vi;hich the
name "Ce}}bran contacif' has been giveii by b. E. ffigglns, is 45

kilometers. There nye several ayeas of sedirnents or yee£ peiidants
entiyely enclosed within the stoc}<. As shown in fig. 2, the Suian

stock is surrognded entirely by a eontaet nuyee}e wkhi}3 xKrhieh the

vayious kincls of metamorpkic yocks and related ore deposits aye
fouRd, rl]ke detaUs ef the petrogyaphie investigations of igReous
yocks, metamorphosed yoeks ancl oyes will be given in the fol}ewing

    2`kge of the igneozts activity.-As tke intrusive rocl{s cut ftothing

yetinger thaii the metamerphlc roel<s o£ £he Syegenian yoeks, no
 direet evideltee of tke ag'e of the magnratic aet,ivitles is available.

 [E[(tiwever the igneous roeks iR questien yesemb}e petyagraphieal}y

those e£ the Bgkkel<uzi (oy ffu}<kokuzi> igneous group2> of the late-
 Mesozoic age, deveioping exeensively in 'l]y6seii peninsula, Moyeovey

 the Suian intrgsives eleayly maedified the'majer yegioiial geo}egic

 structure previously eontrel}ed by the Taih63> oi℃genic movement
 of gurassie age (IKobayaski(16) and Konno(17)). Since there is

 Ro eff]ect o£ crtishing nor sign e£ cataclastie effeet in the igneous

 yecks o£ the distyiet, tke writer be}ieves that £he ig'neoiis aetivi£y

 o£ the Sulafl distyict mtist kave beeii laeer thaii tkat o£ tke Taih6

 eyogeny. It rrikist, there£oye, be cop.e}uded that most probably the
 igneoiks aeeivity of the Suian distyiet must have beloitged to the

 perioCl of Bukl<okuzi igiieous aetiviiJy. "

 ' o 'um ts ft lilllrk lttf ee 2) {ijwa isi sc rk kii ue 3) Jsi: ee
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                        C#wa6zoic roeks

    Tke Te7'tiff?'y o?" Qzta･te･r･na?`11 bffsagts.-Ift zRaity I)laees the kasalts

oeeuy as clyl<es oy in small xuasses. Some of these basalt--dykes eut

both the Suian ipey"sive yoel<s aftd their eouiityy yeeks, so i£ is tke
yetmgest･ erviptive in the field iR questien. The basa}t in tke SaziyiO

vnl}ey shews many aceidental ineltisieiis o£ delomite-mayble, horRfels
and granitie yocks and it }eoks like igReekis breceift while many of

eke llax'row dykes are free from inelzisieiis. As maRy basalts in tke

field shew eommell pg.erogyaphic characteys, a det'ailecl descyiptien

ef basalt from Saziri Valley ancl £yom the Nawtei mine wil} he give]k
as representative. Basalt in the Saziri va]}ey is megaseopieally very

darl< in coler ancl kas many pkenocyysts of olivine, pyyexene, horn-

blende, aiid feldspay. Oceasiellally ie kfts abtmdallt amygdaleidal

eavities iii whieh ehalcedonie quaytz alld zeolkes aye of£eR fokmd.
Vndey thefmieroscepe the ritinute lath-shaped mieve-eyystals of
feldspar aftd dayk vityeotis matters are seeR to filk tbe spaee between

tke pheiaoeyysts (PI. I.3VI(XI), Fi.cr. 4). ?yineipal constitueRts of the

basalt are olivine, titanifeyous augite, baykevikitle horRblende, and

piagioclasG. Althoug'h B. Kot6(l8> and b. Y. Hlggins(5> reeegiilzed

seme yaye minerals knovtrn to oeeuy in all<aline basalts, the writer could

itet thid aity ef thema except tit･ani£eyovts pyroxene andi anoythoelase

w}?ich are ofteik found iii the margiRs o£ plagioe}ase when seeit iR
sections.

    BctsceZt in tJte Na･ntei m2!ne.-Basalt dyl<es foultd in the viehiiey

of the Nantei mine aye a}most heleeyystalline aitd eqwigraikular aftd

their prineipal pheRoerysts aye beautiful titaniferous augite aii6[

decomposed oliviRe. Their grouRdmass is alse made up of the same

kincl o£ augite anct mLiltiple tviJinned plagioclase of e.5 Ty}fi}. 2n }ength.

The plagioelase haviitg a marginal zone of anoythoe}a'se is lopg--

prismat,ic aiid its composition vaay eoyyespoRd to that o£ labradorite.
<Vitaniifferous augite is eoiinparatively low-tleuble-refractive and oifften

shovvrs zopal styueture. Olivine is partially ey entirely cka-ged into

aggregat6s cf gyeenisk yellow serpeRtine with vewy leNN7-doub}e-re-

£ractioit, iron eye and caleke. IlmeRite is very abuRdant aiid often

cayrles a ieueexene ina}'gin. Aiigulay quaytz is sometimes £ouRd
as xenoeryst in tke basalt, whick is believed to be tal<eit fyom the
siliceous couittry yock at the time of it･s intrusien. Sinee the oye-

   1) mp pt-$ ee
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                                                    '             '
bedies ef the Naptei inine are appn.rently ent by dykes vLritketit
ynarke(l a}teratiept, thG intyusioll of ba･salts has nothing to {ilo with

the eyigin of oye deposits. As te the age of theiy iiitrusielt no
evidenee is ava.ilabie, except thG oecu;rrellce of the allied basak--fiews

ef the Quater}iayy age ki the Kokgsan-Sinkeii) disLtyiet, (Mg, 2>

kbout 2e kiieipeteys east ef the towB of Suian.
    Q･zea･te7''7za･･7"･y sed'i'menta,･r･y ?･'eeks.-The Quaterxxa,yy dieposks of the

distriet ce}isist of alluvin} xiver sand nnd gravel. in some parts of

these deposits, espee!ally neay or in ehe Suian steek, the gold placew

deposits kave beelt diseovered as shewn in fig. 2.
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      Wig. 2. eutline map e£ the Suian distriet showing the geneyal features
   of the wegienal geology altd the diseribution of the mineral eepos.it$.

                                                      "t.    GeeZogie strzectze7''e.-Tlte eomplex styucture of the SulaR distr]et

is prineipRIIy t･he res#l£ of two kinds efi defoymatioi= (1) folding and
faviking by Taih6 oyogep.ie rnovemellt; (2> grndua} upheaval of the

megntain yegien by eke neymal £aultiiig ef a lat6y age. The struetural
relations of tke igneous rocks i!will be mentioeed in a latew chapter

   1) flt}Lgk----mage
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an(l fissures ee vLrhich tke minewaliza£ieR is }<new･R tg be yaelated wili
alse be explained iix the ekapter dealipg with minera} dieposits.
    bt}ying the period of the oyogeny of the Talh6 phase <the in#eyvaE

betweeik the lewer-Juyassie Daid6 epeeh and the Cyetaeeeus Taih6
epoch), the Syogeniait aRd pye-Sy6g"enian yocks were inte"sely
folded aleng axes which twend in NW--Sff direetigk . Threst･s
t･yending in the same diyeetioii weye alse developed ki many parts

ef tkG clistrict. After oy sueceediRg t･he peyiod ef th2s de£orvaa-
tien, the ey¥xplaeement e£ gyanitie magmas took p}aee, gwghably･ during ,

the period e£ t}ite Bgl<1<ol<uzi (oy Hul<l<ol<uzO ig"Reotis activity. bi

censequenee o£ these Entwusions, minor faults were pr6clgeed iii the
eontaet zone, w}iieh have iinportant beayiRg on tke owe-deposkioix
of the distyiet. Since eken the distyict was uplift,ed till recently

aRdi some normal fauks tyeRding NW to WE "wr'･ere nlso prodvtcecl.
Ie shogld be mentioned hewe ehat igneous rocks wwch as qgartz-
pewphyry oy felsite and also basaltie rocks of tke Tewtiayy oy
Quaterliary age are found as dyl<es aloitg these iiormag fault,s. in

the aeeompanying eutlikie ma-p (Fig. 2) the inkportakit faults an(i
fault zone's of the Sy6gen district are shewn.

    Szemma･Tzf of geoZogic k･isto7'zf.-The geolegie ye¢ok"(g cf the SuiaR
distriet beg!ns sometime dgring the pye-Sy6.creniaax. Iit T.v6sell the

pye--Carubrian time has beeR divided into the Areheezoic and
Proterozoie eyas. It is be}ieved that the Sy6gen s>/stem in K6kai-

D6 b' eleitgs definitely to Protewezeie while the giieis$es and
schists tmderlyiRg the Sy6gei} systern wit,h marked diicoiiformity
cannot･ be dated exaet-Iy. IEE[owever the roc}<s lit･helogically resemble

the so-ealled "[K6kyilian graBites" or "Grey-gneisses" yepresenting

tke Aychean rocks, Which have been t･heught to be the oldest. roel< iR

the 'lry6sen peRinsula. Therefore tke detalls e£ the geo}ogie histery

o£ the pre-Sy6geRiaii canllot be given here. It can be said howevey
that intense ir}jeetions aRd intrusiens of g}'anit'ic vaagkzas tool<

plaee be£oye the depositioll e£ the Sy6genian yoeks. The £ormatioR

of the latest metamoyphic roel<s o£ pre-Sy6geniait was x)wobably ae-
eoropanied by an uplift aftd was fellowed by a long period of erosion.

A£ter this eld land was worn do"Tn to peneplains the Sy6genian sea
spread ever them and might have coveye(l the greatey payt of the
distyiet. FroTxt then uRtil tke middle Ordovieiaii period t,he distriet

represented an olcley geosyneline zone ealled the }Ieiltait geosynclhie.i)

   1) ZISMttnitsu
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Repeated witkdyawals aRaf invaslons o£ the sea due to the eseilla-

ti6R of the eay£h's surface may have alse oceuryed ctuyiHg the Ioitg
peyie(I eE deposition ef "Rakuyoaix se{ilimaentsi) (aftey [I]. Kobayashi,

2946) in whieh the gyoups of yoel<s, Sy6geRiaii and Ca¥nbyo-Orde-

vician, aye ineluded.

    ewkig to the }nek of the youRger sedilliepts in the distyiet,

it is impossible te state here the geologie eveirts siRee,the late--

?a}eozoie era. A}thoggh tke daea of latey folding aiid igneous
activity eannet be estab}isked diyeetly by the availab}e field evidences,

the similayky of tlae styuetures of ehe Suian distyict with tha£ o£
tke adjaeeiit II[elzy6-Sy6geR distyiet, lndieates that major .ffeo}ogic

struetu;res o£ both distyiets were pyobably produeed by the same
dyiiamie aetixrity at the same time. Theyefere the iperied of de-

formatieit e£ the sediments in the Sgian distyiet may be stiggestedi
by the data obtained ki the adJ"ace}it field.
    Acc6txding to S. Nakamuya aRd S. Matsushita (21, 22, 23), N.

Ikebe(g) alld others the Sy6gen systein of il[eizy6 distriets in Kokai-

b6 tegeehey with the ?a}eozoie group was intensely felded aRd
thmsted by the late 'Mesezoie orogenie movement, i.e, dgring the
Taih6 phase (post lowey EYurassic I])aid6 eppek-pre Cretaeeous [IiaihS

epoeh> . The axes of £hese £olds aitd t}ie treltCl e£ these thrusts exten(l

from the Sy6gen to the Sgian distyiet. rl]hus, the major defermatien

e£ the Sy6genian in the Suian distriet is eonclgded to have taken
place in the ':iralh6 pkase. As to the igkeous activity of the Suiaii

gra,nites no poskive data vLreye uneovex'ed except the faet that majer

intyusioRs aeeempaiiied the deforwaation of the Sy6gen sediments. eit

the othey haRd ie is l<Rown that the period fol}owing tke [Vaih6 phase

repyeseftts the mest impoytant peried of igneogs activity (called Biik-

l<okKzi igneous activity> in the [l]y6sen peninsu}a. It is assumeCl,
therefore, that the gyankie roeks of the distyiet >vek'e also lntruded

during the same period of activity o£ the Bukkokuzi igneous greup.
The emaRatioiis fk'om these gyaRltie rnagmns ferTned maiiy impertaRt

metalliferous deposits ef the dis£yice in que$tion. Judging trom the
mede of oeeuryenee aRd texture of the igneouts recl<s and ores, they

were pyobably £oriined unCler a modeyately thick eovey.
    Sinee the Iate-Mesozoie igneous aetivity the distriet has pyobabl}r

stood abeve the sea and eroded graclual}y. As to tke age of the

   2> eeme#Eewkt-･:-ma
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bfisa.ltie intrusions o¥ extyusions, no poskive evideftces for deteyminig

it exaetly 'wrere ebtained. IE{{ewever, tke basalts SR questibn a,re

eellsidered to be the allied mernbers of Qtiateyxxa,ry basak-s developing

exteRsively in Ty6sen. Reeeltt up}ift kas been ma.yked by tke pye-

sence o£ yiver teryaees xvkile no trace of glaciatiolt kas been observecl
ln this diseriee. C}eiieyRI ge61o.crie kistoyy is dia,gramatically sho";it

i}i the eo}umnay seetioii o£ fig. 3.

     - Ckageter･ XXE
             rwme svxAN xNTRwswff coMemEx

    As explah3ed iii the preeeeaing chapter, the stocl< o£ the Sgialt
･distyiet is yeugkl}r el}iptiea} in foym and its dimensioft is appyoxi--

m.ately 8xX3 k<21ometers. This igiteeus mass is a compesite stoel<

o£ grai}kic roeks.･ The main mass, t,o whieh the iiame, the Suian
gyanitei> (the Suan graiaite aftey Ei{iggiiis(5, 6, 7> and Mae}arell <2e))

is given, is pierced in its eentral part by a rounded 'fine-gyained

gifanitie mass (the I{{itiseidai graniteL') er Chi} Sing,, Dai gyaltite)

abeut five I<Ilometers in diaineter. As shovLrii hi fig. 2 the longer

axis of the ¥najor stock yuiis from NW te SE, roughly parallel to

the regional tyeird of the eogntry. Beeause o£ good expostiyes alollg
the eolteaet the re}ation b6tweeit the intyusives aitd eezmtry roeks

,are geReraIIy we}I observed everywheye both en the surfaee and
zmdergro"Rd. Altheugk the counery yoeks styike sometiines payallel
to the igiteeits cent-aet, crgss-cutei}ig ye･latioRs aye usually ebserved.

.Along tke itorthern coAtaet, dips aye gsually to!wayds the country

.yeeks in Yow ang}es exeept ae the Kotvtd6 mine. Olt the otkey hancl

aloRg the eontact near Nantei dip of contact plaxxe is towards the

igneous y6ek as skown iR ?}nte (XLIX(IV). Wrom the distributien

of the ahundant roe£-pendants iix tke llorth-easterii part e£ the
/iRtrusive mass alld from the abseflee of Iayge xenolithic ma,sses in

the so#th-western part, it is assumed that the south-western pay£ e£
'the SuiaR mass is fiooyed.

     Within the igReous yeeks xkear the contaet, small xeno}ithie roel<s

 from tke wall yeeks were often £egnd ki abRitdaltee. [l]hls fact sug-

 gests that the preeess o£ Da}y's "pieeevaeal stoping" was impoytaiit
 '

   X> nceerw&!'iX 2) -beki.-.efzaiRee.
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a.t the tirne e£ the emplaeemeRt of the magma. As the struetura}
behavieys of tke igiteotts masses show very interesting £aets aboLit
the meehanism of the intrusiell, speeia} iRvestigatioits have been
eayried en by My, W. Isikawa of ouy Institute siiice l941.
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   Fig. 4. Sketeh showing distribution of inelusions of

diepside skayzz (Di) in £iie Suian granite (SG)." Note charac-
teristie laelc of orientat2en ! Nantei South mine -30m level.
                                '

    S?{ian g?'anite (?)o7:phy･i'･it'ic ho7'?zblende-biotite-g7"anodto7'ite).-

[E)he SuSaR intrusive s£eck is mainly eomaposed of this kind of yoe}<
exeept in,the cent･ral part, i.e. south--west of Hitiseidai a･iid alse iR

a narr6w zone ef ma,rg'inal fa,cies. The exposed sur£ace shows vey>r
ehayacteyistie featLiyes x?vheft deeomposed ns showR iR }?late ILII(VII)

Yig. 1. ftowided pheBoerysts ef oythoelase project fyom the s"y£aee
because of its higher resistanee to the weatherkag ageney tkaR the

eviatyix. [ilShe vkryiter's fi61d examination shows £kat tke distyibutieit

g£ pheitoeyysts is geneyally veyy even and average vefum6 percentage
ef pheRocrysts of tke rocl< is 8 per ceiit.

    jX(£egaseepieally, ie is o£ a llg`ht-rese eelor and shows a coayse
tGxture (PI, LIIZ(VIII>, IF"ig. X). 'l]he pyiitcipak eompoRents eak
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easily be reeegnized by the nakecl eye. In impmediate eontact with

the sedimeRts its porphyritie texture fyeqiiently dlsappeays. MaRy

dark inc}usiens are pyesent as xenolitk or agtelith.

    The chara,eteristie £eateires' of the Suiall gvanite is its poyphyritic
textvt'

re C{ue to tke presenee o£ Iayge rogRde(i phenoerysts (ovoi(ls>
gf micreperthitie eythee!ase, gp to 5em in diameter. Petyo-
gwaphiea}}y the roeks yesemble ver}r elesely the pytey}iteO of Finiand,

alj alkied yeck o£ the fameus Rapal<ivi gyanite (Baek}utRd (40>>.
                      tAs shown in Plate LXII(VIII>, Yig. I, the mieroperthitie phefteeryst

exibits oecasionally its erystal £oym apd in some outerops it is ofteft
maRtlecl by oligeelase (see }l'l. LIII(VIII>, Wig. 2) as in the ease

o£ a typiea} "itapakivi granite." Akhotigh the "ftapnkivi or
"pyteylite" textui'e has net beeR mentioned by the previous x7trri£ers,
it is the most eharaeteristie and eommon textxire of the Suia.R granite.

    Microseopieakly, the texture o£ tke greundmass is graiiu}ar.

?}agioelase is stout-prismatie 2mzn. in IeRg£h and mere or Iess
eghedral against ertheelase and quartz. Zona} structure is eommoit

(Plate LII(VII), Fig. 2 and 3). The composkion of plagioelase

vayies £yom A}iao to Aiiis, whieh was detescmined on the uRiversa}
stage. The mineya} is usun}ly fresh aiid fyee from secolldayy minerals

aRd k shews pelysy}ithetic twiiming after albite-law. As a pheno-
eryst, oythec}ase (mieropert,hite> is fia,t prismatic oy youRded while

erthoelase oeetiys also in the grogndmaass and inteysticial spaces
(ll'I. ILEEE(VEKE), I[iiig. 2). :l)he lacr.cfe erystals of p}iteneerystle eythe-

clase a}x?gnys eayyies abtmdant inclusions o£ plagieclase, hornbleRde,
bietite alld sgbhedral to eRhedyal quaytz. Tkeyefoye tke ortkec}ase-

geheltocrysts eaii net be collsideyed as the eayliest cyystallized mineyals

i"rom the liquid-magk¥ia. CoRsequently the larger size of £his mineySl
is iikely te be attyibzited to the face that the gelltyes o£ erystallizatie}k

were relatively few at £he time ef selidifieatielt, as sug-gestecl by

K. S"gi (k09). AllG as in the ease o£ the itapa}<ivi granite iii
IEPinland, whieh was descyibed b}r B. Popoff(9g>, peegliar aBhedral

quaytz (£he se--ca}}ecl "ntissenkonl<aver Quarz") is also observed
in the oythoelase-phelloeyysts (P}. LIII(VIIb, Fig. 2>, exthoelase-

geheRocrysts skevLr a miero-perthitic intergyowth, as if £ormed by the
paul--post action along tke craeks of orthoelase.

    1) Ra})akivi-granite withottt oligoelase mantles. Lit. Wahl, W.: Fennia 45

      (1925>e
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    The perthitie plagieclase whiek oeevirs as fuie iamel}ae, is wtowe

acidie in cempesieien (a}bitie) tkaR the Iarger idiemeyphie p}agioelase.

    Qgaytz oeeurs abzmdarkIy ikk the gyoundmass aftd is g'eneya}iy

euhedral against oytheelase. The inteystieia} spaees aye eom--

menly filled up with these minerals. Judging £yom i£s cryseal £oyT¥k
the q}-iaitz might have beelt eyystallized as a higher tempexattwe foym.

    {E]he (liopsi61e 'is eolerless iR ekln seetioii aRd o£teR boy(lered by
hoMnblende-rim. It oecuys espeeia}ly in tke Suiaii gya2itte near the

eeRea,ct aga,inst tke dolemlte. Fyom the mode eff,eeeti}'renee ef

diopsl61e-hearing roc}<s tke £ormntieii oE erystals of diepsicte iRay have

been ea,used by contaminat･ion o£ the de}omitic sedimeBts. exo}'nbleiide
is iyyegulayly boLmded a}id its ehayacteristie prismatie eleavage is

sometimes skewn in the sectioii. The assoeiation o£ heriiblencte witk
biotitG and magnetite is usuial}y seeii. IPIeoehroie scheme of heyn-

blende is as follgws: X/fpgle greenish yellow, Yflbrownish-gree"
Z 11 olive-greelt. ExtiRct2on angle is eAZ :20e. {)p'tieal eharacter

is negative and 2V is large.

    Bietite is mttck mere abLmdant in amount tkaR horeibgende, and

has a brownish tint with distiRct p}eoehyoism.

    Z :i==i Y /f danek browzz, X 1/ pale straw yellow ;

absorptien is Z:u-Y>X; 2V=OO. (]:reeR ehloyite is frequent}y found
as aft alteratioR pyoduet paralle} to its c}eavage p}anes.

    As aecessowy miRerals, pyrite, rnagnetiee, i}xReitite, apatite,

zireoR, allanke, titaRite, and ethers are present. Sma}l grains of

idlemoyphie eubie pyyite are very rare}y £etiHd, but widely scattered
thyokigkout the yeck. Apatite is always aeieular er 'stout-prismatie

and closely assoeiated with biotite. Zireon aiid a.gkagite aye also

feund with biotite. In eyder to determiite the epagge inineyals some

polished seetions o£ the Suian g'k'anite weye examineg ueqder tke
refieeting mieroseope. "ffieroseopic re}ation e£ magi3etite to latey

ilmenittts is shewR in ?laee LII(VII>, Yig. 4. Whe analysgs o£ the
Suiall granke from the Saziri vaEIey, made by A. KaRnayg, toge"t'her

wkh its noym aRd TnodeO is shown in Table I. Tke ekemieal aiig
mineralogieal eompositioR 'aceeyds wel} witk the elasstwcatieik ef
the roek as "grallodioyite."

   1> The vnode was deteTminect by tke Rosiwal's niethod usin.ge the Leitz's in--

       teg'x'ating stage.
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     Akalysis ef the Suiait grawite, Saziri valley.

              Analyst : A. Knltwa.ri.
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            granlte aRothey kind of gra,nitie rock ls fotmd.

               Siiig bai (ffitiseidai> Granite" by l]>. F.

    r?k,he eoRsideyed that this gyanitie mass is e£ Iatey intru-
                 .cr}'anite. Several xe}ioliths gf the Suiaii

   enciosed iR tkis reek near the eontact a.s showR iR ]iiig. 5

              geigs. I-3. Theyefore the writer also con-
            ¥epyesents a la.tey separate kityusion.

                   porpkyritie in textuye bue ies groLmd-
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                 ef the phenecyysts in this roelc is muek
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    UBder the micyoseope it is seeit to be poi'phyritie in
a.lld to eensist of oligee}ase, eythoclase, qiaa･ytz and biotite.

mrd ehloyit･e a.ye usua}ly preserk ki the gyouAdmass.

texture
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         Fig. 5. Sketeh of the rock faee on the fiooif of tke Ty6d61>
      vaXKey, shewing the elengated bloeles of the Suian granite ezaelosed by

      the llitiseidai graRite.

    Plagioelase is subhedral to euhedyal against quartz and ortho-
e}ase apd is efteR deeomposed into zeolite, epidote, kaeliit, etc. Tke

composition xKras a}se estimated as A. ii36-ARis. oii the univeysal stage.

Zena,l styuettire of the plagloelase is veyy eo;nmon. Phellocrystie

erthoelase has simllar eharaeters to that of the Suian graRite.

Interstiees e£ the grotmdTna'ss are a}so fiIled with aRhedral ortheelase.
    AIthoug"h quartz is not abundaik 3s pheRoeryst, idioxnoyphie
eiie appears iii layge quaiit･ities. Inclusioiis of titaikke ai3ct

magftetite are veyy eoirnmoii. Biotite is the pykicipal pyimary mafic

mineral iit tkis yoel<. Close}y associated with tke fresk ye}low te

byowk biotite gyeen ehlorite is foknid here and there. Chloyite is the

charaeteyistic mineral iR the yoek aiid is an al£eyatien product derived
from the oyi.ffiRal mafie miiieya} sueh as biotite. Epidote is also

sparingly pyeseltt as a seeondary mineral. As accessory minerals
magnetite, pyyite, ilmenite, aRd titanite aye scatteyed tkyeugko"t
the groundmass. The analysis ef this rock is given iR Table II.

e 2
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                  rErke Miykosc XnLescvgsive Rocks

    N'(mte'i; q7ta･rtz-dioritei> (Weigall-granite a£ter b. F. Higgins ey
qtiartz-clierite after M. Maelaren>.-Clesely assoeiated with the

Nantei ere-bodies, the mueh finey-gyained gya2iltie Teel<s ecc£ir.
A}thokigli the mass is eoinpayatlvely small the varia.£ioii iR eonkposi-

tion is v･eyy marked. Bozmdayy to the other roeks is o££en pbliteyated
by the fau}ts anCl ebseured by the coveying of the weathered soils
()n the suyfaeG. (Se･e Plates XLVIII(III)-XLIX(IV>>. This sma}}
mass Is eften eut by the later q"aytz oy ealcite veins. Megascopieally

the yoek is ef darkeif eoloy and is equigyanuln,r in t･extuye.

    Uiider the mieroscepe it is obseyved that the variatio}a of
Tniueva,}ogical eomposit2on, texture aRd styucture is maarl<ed in

dffeyent payts of tke mass (?}. I"VI(XI), Iff"ig. 1). The typicaE

i'ocl< fs ef graneclioi"itie to qutartz-dioritie composition with
gyaRitie texttire. Plagioelase ln the roel< is me}'e basie than that

ef #t･he maiii perphycritie granodioyite (the Suian gurani£e). It is
thiek tahglar to e<g£iant, enhedral t6 subhedyal agaiRst otkey ceR-

   Z> iielrtl'pu'LljKeemak'
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stituents. The lnyers of zenedi erystn}s, whieh usually shew albite-

'twiinaiitg uiivarlably, have iRdise･inctly defined botmdayle$. Per.ielii}

twib is yarely found. The inker part of the plagioclase is rathei"

basie and has a. eompositieR eerrespe]kdkig to laboradg･k'ite, whlle

the outey part Is altdGsine. Saussuritizatlon is usually eonfined to
the iRney eere. ARhedyai ertheelase is veyy spaying}}r aiJ>nys'eseiit aml

fills the inteystiees of the etker censtit£ients. At the jLtmetioii of
plagioclase ehe myrmekke is frequently formed. Quartz is alse an-

heCirai aiiCl f}IIs the interstiees o£ tke roc}<. Granophyrie intergrowth
ef quaytz with fe}dspay is also feu;ncl. As aeeessory mixierals the

follewing minerals aye neticed: titanite, i]menite, kematite, eee.

A eheinieal aitalysis ef the q}iartz-dieyite frem the Naittei mine is

glven below.

                           rXiABm 3

           Amalysis o£ the quay£z-dioriee, Nalttei mine.
                     Aitalyse : A. Kammvi.
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fraet,uyipg. As tke xv2"itey "ras llot ab}e to mal<e a detailed examiiia-

tion, exaet diescriptioiis eaR not be given, Tke geologic relatioii ef

the ])5.(xall (}uartz-Clierite to the Suiall gyanite is qnite similar to

tke relatiees o£ "Vgreigall Granite" to the lateey. Sepayate masses
e£ small i}kifusiefts ef qu{artz-dlerite are also fottnd a's dykes oy sma}}

stocks near the vRIages of Rakkenri ane of ])6gaii (Plate LVI(Xb,

Fig. 2>. They aye thougkt £e be pyeeursors o£ the Suian granite.
Cl)he miiieralizatien also teok plaee in the vieiRity ef roeks.

    Kot?td.5 g?"(t}･zitei> (Hol Kol g?"ce･?'zite).-eii tke hill south-wese

of tke easte}`it open-cut･ o£ £he Ketud6 inine a nek-porpkyvitic granitie
roek eeeukdis in iyyegulay fowm. At the margin ef the contaet tke
reek gi"a(les into aA ap}ite whieh kas abtixLdaiit miayolitic eavkies,

from Nk]hieh censiderable amouRt of gases possibly eseaped into the

sediine}it,s. ftoLm(led xeftolitks (Pl. ILXIV(XIX>, IEiEigs. X-2) eoll-
sistkag ef skami Tnliierals aye abutiidaRtly seen in the easteyn operi-

eut. Vmler tke mieroseope the yoek is esseBtially ¢oTripese,d of qtiaytz,

erthoclase aizd p}agieclase with veyy suberdiRa,te arnotmes e£ biotite.
Similar igkieeus rocl< is also feuiid iit the Sa.zirl va.l}ey.

    Nas?zte･i e?,t-(u'tx--2)oi4pahy7'yL') (T?,g,l Mi Chzeng qzea7'tz-pe･rph･y7ty).-

This rock ecetirs as a small steck ey b6ss between the Suian gtraBke

aRd horiif6Is baek ef the Nantel Kiea-Ke3) (the North rr}ine>. As the

boutn(la,yy between it and the other igReous masses is alwnys obscured

by £aults 6r seils oR the suyface, the mutua} re}atieit o£ the igneou{s
yocks eaimet be exaetly deteymined. On the otker hand the yelatioizs

ef the Nantei quartz-porphyyy to the Suiaft gyanite, which x?vreye

ebserved in the undeygreund wexktngs o£ the D6gan mhie sug.crests
tkat the £eruaer intruded iRto tke lattey. Distributioii e£ phenocrysts
shows seme yegularities. 'l]he size of pheRoerysts an(l demsity o[ff

distyibutleit (leeyea'se teward the horAfe}s colttact (See the geolegEca}

map (?I. XLVIII(III)), a.nd the isometyie diagrara (Pl. XLZV(IV))

o£ the Naiitei mine).
    It is ri3eg'asepical}y }ight yellew to b:owxx in ee}or and hns many

}]henoeTysts of ortkoclase aRd qgartz. The, phexxeerysts of mafte

mineya}s aye geneya}ly abseRt. Semetimes the yeek is etit by tke

later quartz--veinIets.

    Viider the micre'scope it shgws that tke holocrystal}ine gyoLmd-

mass censists mainly o£ felsic minerals (?I. LV(X), Yig. 3>. IV[afic

   1) asLirv?Etsu'gS･II-i- 2) twmpasptrwkSl 3> twit$･gkSiZ
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coxxstituents rarely oecur. IR some cases the roek contt'tlns claxl<

patehes of mafic minerals suek as homblende and bietite whick aye

considered as small xenoerrysts. Phenoeyystie oytheclase is ustially

euhedyal "Tith Caylsbad-twkmkig, Quartz is the most･ a})tmdant
minera,i aitcl is erysta,llized inte aik erdlnary hGxagonal bipyramid, i.e.
                            sa kighey mo(lifieatien. }ue te eewrosion by rnagma k fyequent}y
skows as roupded or ea･ten ferm a･Rd loses its erigina} eyystal gutlines. '

[E]he .cryoLindmass eollsists o£ vexy thie-gyainecl quartz aRdi iRterstic2al

erthoelase. Sometimes opaque ores sgeh as pyyi£e, itiasmetite ete.
are fouiid,

    Q･ztao'tz-porphy7'iies.-A ltumbey o£ dykes of porphyrltie vocl<s are

feund intruding iRte beth the sedlment･s aitd £he Suian graniti£ yoeks.

rl]he loeatiGn o£ the porphyyy dykes is shown en t･he geo}ogleal naap
(Pl. XLVI(I)). Oniy tke repyeseiktative rocks will be deseyibed here.

In t･he west valley ef the D6galt mine, in tke v,ieinity of the Rakkeii

village anct also in Zyos6-d6i> several quartz-poyphyry dy}<es ai'e found.

The yoeks whieh oectir near the ftakken village, aye veyy light in

color with sma}1 pheReerysts o£ quartz 2-3 mm iii }ength ancl usually

£yaetured into spliktary and aitg'ular bloel<s. [Phot,omicrographs ef the
quartz-l7.oyphyyies are shewn in P}. ILV(X), ]i:igs. 1-2. Although

their texture is sligh£ly different fyoin that of the Nantel qgartz-
poyphyry, the rocl<s may be slmilay off-skoets from the maiR gi"anitie

stocl<.

    Several porpky･yy dykes, vvrhieh intrude inte the sediinents in the

nort.hern part of t･ke distyiet, ha･ve all zmdergone intense alte?'atioii

(Pl. LV(IXZ>, IEi"lg. 4>. [l]he rocks are tisual}y "Thlte er }ig'ht g'rey in

eo}oy owhig to seyieltiza,tien. Under the mierescope poypkyritlc textgye

is distinet because ef the pyese"ee ef quaytz and feldspar pheneerysts.

The biotite-phenecrysts, now alteyed inte chlorite or seyicite, aye

alse seen. En the groundmass a large Bumber ef sericite-iieed}es

are observed. The genetieal ye}ation o£ the quaytz-porphyries to
minera} deposits is net e}eay.

    ApZ?ltes. Aplitie veiRs, dyl<es and small masses are fotmd in
the area oecupied by the SuiaR gyanite. Il]he aplitie bodies vary iii

width from a eentikx}etey te fifty eeRtimeters, aiid do Rot continue

along the strike. Several iryegu}ar ap}itie bodies aye especi.ally

.developed in the marginal zelle e£ the Stiiait granke, Iii several

   1) tw$ifil
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plaees ap}ites oeew alse iR the sediwaentaxy yegien. Petrogyaphically

aplit,ie reocks iR this area T¥iay be divided into t"re greups: (1>

granite-aplites alld (2) alkali granite-aplSte.

    (l) Gwnnite-aplites.-Pale eoloyed marginal facies, apophyses
and veins aTe widely distyibtited ki asseeiation with the Stiia}i
granite. Ilt tke NaRtei area the aplite veins eut the diopside (salite)

skarn and contain abunda,iit xen61iths of t･he sa,me rock as skown

in ?I. LVIII(XIII), Fig. 1. Dykes o£ aplke are partigularly
abttndant }ieay the Tenzii> prespeet, wheye the aplites aye conithoRly

teuyixialinifereus.

    (2> A}kali-granite-aplites.-kiteresting ig+fteeus gi'oLips are the

aegiyine-beaying al}<aline igneous yoeks found in the nerthern con-

taet aureole. {l]hey foym dykes oy irregulay bodies in the Kotud6
delomite Reew the Suian granite in tke vielnity of tke Suztiran-
pyospect (See IPI. XLVI(I) and IEI'l. XLVII(II)>. ftoek with similay

featuyes has also been feultd as a mayginal facies of the Suian graiiite

in the Suzgyazz cyoss-eut £unlle}.L') It grades into the syenitic aplite
at the veyy plaee ef eoiitact a.crainst the wali roek, the byucite-rnayble.

These roel{s are whi£ish in eolor and eonsist o£ mierocline-mieroper-
thke, quartz, euhedral a}kalin-pyyoxeke ancl markedly zoiied an-

hedral alka}i--pyroxene vLThleh fil}s the interst,icial spaces e£ otheur
constituents. Vndey the microseope it is obsewed tkat the pale
gyeen diopsidie core of the pyyoxene ls zonally stirrounded by

aegirine-augite and a£giyiRe. ki some payts espeeially near the
eoRtact o£ aplites with dolomites, severai mineyals suek as phlogopite
and diopside are also fouiid. It- shovld be noted here that alkali-
grai}ite-aplites are net rare in the eeiitaet aureele betxveen graRite

and delomitic reck as reeeyded by Zavaritsky (323), and by IE{[ateh

and Rastall(64). Thely mode of oc.curreiice indieates that ass.imila-

tion ef cto}oll}itic sediments by granite maginas toek plaee.

    ,FTeZsite a7z(l felsite-??o?"phy7'zf.-[I]he Iigkt colored silieeeus voek

foultd west of the Saziyi prospect, was co}isidered by D. F. IE{{lggins
(6), to be quaytz'

ite o£ sedimentary oxigin. However the rock pyoves
to be a kiRd ef felsitie igneous ifoek aeeorclkig to tke wwitey's obsewa-

tion. It is white ey grey in eolor and eontains abttltdant £yagiinents
of eeuntery }'ecks. The yoek fxe(}aeiit}y shows flew 'styuetLire. Under

the migscoseope it is seeR that spoyadie eeeuyyeiiees ef corrocled

'
K
,   3) yii tif',i': (Kung Ko¥) 2) sc es XZ X.
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pheneerysts o£ quartz aye set in v6ry fuiG-grained aixd devitrifierk
felsic greuitdrnass as shewR ln IF}. ILVff(XI), IErig. 3. Cff]he yoek was

pyobab}y k"'eeted aleng the faglt zone }at'e iit the kistory ef the
Suiaii iiityusive eycle. Numeyotis ctyl<es of feisite altct felslte-poy-

pkyyy have alse been feuRd iii the zmdeygyouRd weyi<ings at the
Nantei mkie. The}r may be off-sheots fx:om the NaRtei qRartz-
porphyyy.

                         Chftptew XV

          ME rAMORPwtSM ANb METASeMArrgSM

    btt?'od･ztet'ion.-As already mentioi3ed in the preceding ehaptey

ehe sedimeiitary roe}<s of the Suian distyict, except allgvial deposits,

maoye or Iess stiffered a i'egiena} meeamerpkism duyi}ig the peyied ef

la,te-]i{[esozoic oregeiay. IEIowever, metamerpkic infi"enees of }ater

gyanitle magmas were so' illtense that the effeets of t,he yegiellai

metamorphism h3 the eo}Rtact aureele have been ebliterated by
thermal aetlons eaused by this later magmat･ic act･ivities. WithiR
the eoptact zene of the main intrusive mass yeerystallization of the

oyigiBal roel<s due to the keat of tke magma took p}aee extensive}y

without any remayl{able interchange of ma,teyials among the sedi-
ments oif between the sediynekts and t,ke hivading magma. ']]his
metaixtoyphic pifoeess will be refeyred to as therma} metamorphism

in the sense of Kayl<ey(63>, or as nermal ceiitaet meeamerphisrr},

!n the sense of V. M. Goldsehmidt(58). Oll t.he ether hand maRy
evideiices of tyansfey of rcaeeyials from magltia lnte Rexvly foi'med

yoeks have also been Re£lced in the same eontaee aureo}e. Mineral-e
ogica} ehaiage of these metamerphle reeks indicate thnt a lawge
quantity of mateyials which emanated fyom the niag'mas eeRtyibuted

to tkeir composkion. The pyineipa} proeess opeyatlng in these
ehanges is metasomatie in natuye. These 'ckaikges may be divided

into twe types: (O .Pyrowaetasomatlsm (iR the sense e£ Mndgyen)
mainly recognized iik tke inney eentaet aLiyeole neay tke intyusives

allct (2> hydveothermal aetio}k ekayacteyized by the intredgcti6n o£
variees substaRees, sueh as sulphides at the latest stage of the

magmatie aetivity.
    Iit this ehapteur the typieal roeks, formed by theymal metaNxior-

phiswa and pyifemeeasomatlc and hydyetheviMal aetieRs, will be



       eeogogy entcl swnepalizatio?z of the Suian D?lst')"iet, Ty6sen (.Yforea) 237

     [X'hewxvkag cgwktacg xgkeigam"rrgekgsm of wx"wascmgeboffkute rvoeks

     As explained in the ekaptei' clealing with general geolegy a
eensldeyahle pax't ef th,e Sy6gen system is ezit by the Iatei' Swiak}

geranlte. Coiiseqnently maRy kinds of intere'sting ynetamorphie recks

nre develeped in its eontact aureele. Hewever, as a systematic stgdy

of tkese reel<s has not beeit uRderta}<eii by the wyiter, eitIy the

eccuyrenees e£ t-he ittkose importaiie yecl<s will be mentioiied keye.
g""n geiteral, s}aty ey phyllitie sedtme}its foimd outside the eontaet

nureole grade int6 the spetted reeks in the vieiRity ef the igneous

masses, vL7kiie this spotted appearanee fur£hey d･isappears within
the inxxer eontace a･ureole.

    ffo7"nfeZs de･rivea f?"o7)z a･?"gyillaeeo?ts 77oeks.-The metamorphie

change's oS this kindi of woek near the eoixtact, as tke wnaki Sntrtxsive

mass is appyoaeked, eaft be skowii in the followiRg erdeec-(k> Zeke

o£ spotted slaty or pkyllitie yeck; (2> Zoite ef bioeite-hoynfels; aitG

 (3) zoite o£ aitdalusite-(eortmdgre>-hoyRfels.
    In tke fiyse zene of tke spottect yoeks tke eyiginal slaty ey
phyllitie yocks kave beeR hardened aitd miRute spots are reeognized

en the suyfaee of the exposed yoeks.

    In the seeepd zone xninnte fiakes ef browit bletite aye welX

developed, iRereasing in size as they appyoaeh £ke coittaet. The
spots similay to tkese in £he first zoike are preseyved in tkis zoi}e
as is skown in the pketomierographs ef the spotted biotite-hoyRfel$

feund neay the Goy6 mine (Pl, LX(XV), ffg. X>.

    In the thiyd zone of aitdafusite-<eorgndum)-horxxfe}s varieus
kinds of e6ayse-grained horitfe3s oceur instead of fine-grailtedi

spotted yocks. This zoue may be ealled the zone o£ true hornfels,
as menticiiedi by C. E. Willey(IX3). As pointed eut by V, M.
Goldsekmiclt in kis study of eontaet yocl<s in Christiania district

and also by C. E. TIIIey(Z13) in the Comrie ayea, the heynfels o£ the
Sttiall dist.yiet may be elassifiecl aeeordiiig to theiy miiieyal assema-

hlages. Tke fol}owlng hoynfelses have beeii yeeognized by tke

wxitey: (1> Apdalkiske-eordirite-koyn£els (Goldsehmidt's class 1),
(2) Aiz,clalgsite-eerdierite-plagioclase-biotite-koyiifels (Goldschmldt's

class 2>, (3) PIngieelase-diopside-hornfels (Pl. LX(XV), F.i.cr. :>

(Goldse}3midt's elass 7).

    Iii tke Siv}rrxediate vieinity of the Suiaii granke in the iiortheyn

part ef tke Na}itei mkie tke belt ef eharacteyistic biotite-beayiag
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hoynfelses are exposed nearl>r parallel to the cent,aet. Tke yocks
have a byowkisk eoloy dge te the pyeseRee of an ahviiidaRee of bietLite -

fiakes. Tkese roeks a}'e fyequent}y pelletyated by the ap}kie veins.

Megaseopieally, £he i'oeks are haydened, often spliRtery aiid gyeyisk
byaT"rn in eelor. Theiy external appearallee differs llt ,diffeyent plaees.

Ik £ke Naiitei Mine tke k'ocks ar6 usua}ly schistose and, moreover,
are in3'eeted or intyuded by minute ap}itie veiks (Pi. LVIX(XII),

Flg. 3) oy by ehe Nantei qunrtz-perpkyyy (Pl. LX(Vb, Wig. 4).

S}elldey needles e£ tegrmaline aye e£ten pres･ent in some parts
ef t}3e yoeks (}?l. ILX(XV) iiXig. 3). T}ie hornfelses foLmd in
Ketud6 ayea aye usually massive and fine-grained. Vndey the

microscope the korn£e}ses aye seen to be fine-grained aRd holocrysta}-
line. They eoRsist essential}y of quak'tz, e-rthoelase, hiotite, ehlorite,

muscovite, andalusite, and tourr¥}aline. BSot･ite eccurs gn sTRal} fiakes

its pleoehroic sekemaG }:)eing: X=}ig}tt yellew, Z {{ic ¥=dark brow}x..

Museovke is aise developed in the siliceeus kornfe}s £wowa Ketkid6.
eythoelase fills t}ie ineerstiees betweeR the qgaytz and biotite, Iclle-

h}astie plagieclase is spay'sel}r £ound amopg the waiRewals meiitioned
aboVe. Andalgsite builds long prlsmatie crystals showing disthiet
c}eava.cre as shownin PI. LIX(XIV), Fig. 2. Loikg or short vyismatie
tourrfialiRe eeca'sio}ially appears iR these roeks.

    Besides £Tee--si}ica koriifelses mentiened above severag l<inds e£
the siliea-pooy hornfelses have also been ebserve(l by the wyiter.
Tke combinatio}i of minera}s in these roeks aye as follows: [l)i}ley's

CIass (d) Certmdttm-spine} hornfels (PI. LiX(XIV), esXig. 3), (6>
Coktundum-spinel-aRdalusite keyitfels (?}. LIX(XIV>, geig. 4>. Be-

£ause siliea-poor hewnfelses are yayely foupd in Tybseit, tke writey
intekds to give some descyiptieft ef the constituent aviinera}s. '
    Anctalusite.-It builds long prisms with distinet e}eavage aRct
magnetite is abundaiitly eontained in k. (Pl. MX(XXV), Figs. 1-2).

    Coygnd"m.-The anhedra,} erystals o£ corundum are fouRd
abundaiitly in these yoeks. Idioblastic erystals are }sarely observed.

The mineral is usgally inoye er Iess pleeehyeie as given here: s:::
sapphire-hlue, ut=eolorless. A payting paral}el to the base caii be

eleayly seen in ?k. LIX(XIV), Fi.cr. 4.

     Spinel.-iteunded er iyregu}ar cyystals o£ spinel aye ex"tees
nssociated wkh eorundum oy magRet,ite. Spinel (hereyni£e> in #be
koynfelses is genera}}y coleyed gyeen.
     Oythoelase is eRe er" the prineipai ceitstitueitts ef heyllfelses aRg

 is found in gyouxxdmass. ?Iagioclase aRd biotite are aiso £oimg.
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 Seveyal representatives of ho-rfelses beloRging to these elasses are

 crecoyded from the contact zoRe Reay the Nantei rnine aRd are alse

 fouRd as xeRoliths. A speeimen ef aiwtn}usite-eeyuiidum-spinel koyn-

 i£e}s whieh was iRj'ected by the SLiiap gyanit,e, was eolleete(l by the
 wyitey at the eontRet, noyth ef the Mina}:Eti-K6 (South mhie), Nante!

 <PI. LIX(XW), Fig. 3). x '
            ErhexetwaX twegftwrowpkistw oS cmub#:ka$ev mecks

     As the dolomite of the Sid6gg series was intrgded by the Stiiait
granite the cemznoAest xrietaiinorphosed yecks ill the ceiitaet auyeole

of the SuiaR dlstyict alse do}omitie in theiy compositien. In the

, .northeyR part of t}iie eontaet east o£ the Kotud6 valley, a series of
 meta.meyphosed dolomite is fotmCl a.Rd kere cloloTnitie roel<s with

a smal} amouiit of silieeeus aiid al"minous impLi}'ities aye p}"e-
derv}inant. IR this part tke theymal effeets of the Suian gyaRke

caR be studied iR detai} by ifiieyoseepie lnvestigaeioii of a series o£
yocks obtained oA the eastewn ridge of the Ketgd6 valley]> from the

Sekkaturi2> to the eontact neay the Suzuran prospeet.
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     Fig. 6. Nor#h-south seetion aiong the eastern ridge of the Ketud6 valley,

  shgwing the eontact-metamorphle zoResb

    im the aeeempanying neyth-south sectioll (Fig. 6) the relatiofi

e£ tke dolomite aird the Suiait granite is s}}evvTn. 'I]he progyessive
ehanges ef sMeeous clelomiees in the eontact auyeole can be pyesentect

in ehe £ollewing ordey: (l> zoxie of qgawtz-bearing dolomite, (2>

   k> Mireg}L :) eeXgg
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zene of tremolke-bearing' delemite, (3) zepe of forsterite-dolemite-

waayb}e, (4) zene ef development of mineyals o£ hgmlte grogp in
fersteyite-dieleft}ite-Tnarble, (5) zo}ie o£ brueite-rnarb}e. (C£. Pl. LXi

(XVI> afid LXII(XVII)).
    (2> Zone of qzea,rt2--bea?'ing deiomite (Or2:gi･nctZ 7'eek).-As the

thermal effects ef the Suian granite aye no't eoiispieuovis 2" this zoxxe,

the yocks obtakiecl may repyeseRt the origiflal grade 6'f ye.crional

yxLetamorphism. WRder the ixtieroscepe the siliceggs doX.omite foundi

in £kis zoke is seen to eonsist essentially ef quartz, Cio}emite an{i{

ealcite. Aeeell£ioR muse be directed te t･he diree£ contaet re}atioxt
of quartz and dolomite in a thin seeeion as showix in ?i. LXI(XVI),

Yig. 1. As to the argMaceogs sediments ln this zoite, which are
yepyesent･ed by b}ack slaty rocks Ro conspicuous sign of tbeymak

effects aye yeeognized. '     (2> Zone of tre?}zoZite-l)ecc?'ingr dogo'nzite (Zone I).-The sigits

ef eontaet metamorpkism ki the silieeogs do}omite aye the dis-k,,

appearaRce o£ quaytz in diyect eontact wieh delomite and ' tke

developmeiat e£ trefftolite as shewn ki Pl. ]LXI<XVI), Biig. 2. The

 size of the grain in the constltuei# minerals of £he ifoeks is soiy}e-
 virhat c'oaysey than bi these of the yeeks belonging to tke fiyst zone.

     (3> Zone of fo?'stej'ite--dolomi･te-ma･7'ble (Zone II(a)).-Whek

 this thiyd zoiie is entered, the tremolite direct}y associa£ed with
 dolomlte ls not fetmd and forsterite beeomes olle of the lmportant

 constiboeRt mineyals. The censtituents increase in size as the
 granite is appwoached, aiid there are signs of that the rocks have

 been b'leaehecl ki this zone. Under the mieroscope the yocl< is seen
 to coiisist･ esselttial}y of delomite, forsteyite 3nd calcite. As pohited

 out bY [i]eall (112> and lateur by 'l]Mey (1re2), intiMate assoeiatioll

 of forsterite and new-fermed ealeite is a chayaeteyistie featuye e£
 the x¥ietamoyphosed silieeeus do}omite. The Eorsteyite erystals may

'be eiiti}"e}y bordered oy partly s"yrounded by ea}eite-yim. The

 £orsterit'e-delomite--maybles frem the east'ern yidge of the Ketud&
 valley always have this feattu'e as shown in PI. LXI(XVI), Fig. 3,

 IE}}. ILXII(XVII), Figs. 1-2. Thin seetioRs ef these recks skew that

 all of the eoiist'itueRt minevals kave always rnineifalogica} features

 simi}ar te these deseyibed by TMey (k12>. '

     At the part where £he eyiginal dolemite was intewealated with
 moye silieeeus layeys, £oysterite-diopside bands have been well deve-
 lopd as shown iR PI, LX(XV), Wig. 4.
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     (4> gene of dieveZo?)ment of ･}}zineraZs of the hz(7?z･i"ue st･}-o?{p i7?,

forste7'-ite-eleZom･z"te-7?zao'bZ･e (Zoite II(b)).-In £his zene the bleaehing
of the roeks is seen to be peyfect･. As the c6ntaet is approaehed, the

eliRehtimitc oy chonclredite 2s visunlly assoeiated xvith fersterlte as

skown i}k ?l. LXII(XVII), YEig. 3. Tke distinetion betxvee}i the
tkivecl aiid fourtk zoikes can net be seen very elearly in tkG fiel{i{ ; the

beundary iike in flg. 6 thus in{ilieRte$ the approximate positio,n ef

the zonal be℃dey. It shou}d be netecl heye thae the partia} yep}ace-

vaent o£ fersterite by minerals of humite gyoup is alse seep. In
tkis case the twimning lamel}ae of elliiohumite or ehoiictrociIte are

parallel to e}eavage (elO) o£ foysteyite (PI. LXII(XVII), Fig. 3>.
Xn ehe vieinity of tke Kotud6 eye-bodies the roeks in the feurth zone
are often peRetyated by ludwigite-clinohumite veins as seeii ki Pl.
LXVI(XXI), and aye also replaeed by tke l<otoite-marble.

    psrom a gti}iietical poin£ o£ view this zene should be ineleded ki
the preceeding zone because the mineyalegieal ekange ehai'acteylzing

this zoRe has beell caused chiefiy by pneumaatelytie aetions of
waa.crmatle emaitntions. It is wide}y I<newft tha,t pitegmatolytie actiens

always supeypose on the thermal alteratioii near tke eontaet o£
igneous rocks. In the-S"ian distyiet, howevey, distinet ehanges ef

textuye and mineyalogical eompositions are obseyved in feysteyite-
dolomite-mayble, so tkat the writer established heye the foureh zene.

    (5) Zeoze of foo'ste7"iee-br7teite-7naG"bLe (forstei`iteetl)erieZase-

7na7'bZe> (Zene III)).-Tbis zeRe is ckaraeteyl･zecl by t,he disappear-

allce of do}ewaite alld lies in the inne¥most eoRtact zoiie of the Suian

gyanite. As a x"esult ef the thermal efYect the part2al cllssoeiatloii

of delomite mo}ecule teok p}aee and perielase was £ormed witk
t}}e eseape of (]82. As the perie}ase is very "iastable, the resultiiig

ueoek usuai}y suffers frem hydyation. Thgs the. new- fornaed
perielase in the mayble has been ehanged to br"cite. [I]he
$imilar metamerphosed dolomite ealled pyeclazzite or peRcatite has

been deseribect by various.authors: (btmham (4g>, I{[ayker (62,
63>, llunt<65), Joplln(7e>, Osborne(89), Peteys(90) aiid itogers
(97, 9g)). The pyesent wrlter has also repoyted the oceuryenee of

brueite-ma,rb}e in the Nantei area and gave a shert descript,ioii seine

yeays age (35). Soi[ne eensideraitons ef the geResis weye also given

in tha.t pnpeif. IR the ease of the theymal met･amorphism of a pure

dolorr}ite the result･ing roel< should eonsist･ of brueite and ealeite in

equal n.}oleceiar proportions. Whe}i siltea and a}umina aye present
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in the oyiginal dolomite-reel<, tke rGsulting yeck may ceRsist ef fok'ste-

yite (ehinektivaite), usual}y altered te serpentine, spinel, peyiclase

(brgc2te) gmcl ealeite. bXEalty examples o£ £he seyies o£ bwueite--beariRg
rocks have been found ln the inney coRtaet zelle of the Suian granite,

espeeial}y near the Kotud6 rnine (?l. LXII(XVKb, fig. 4), the
Suzgraiki> prospeet and the Naikinyi2) prospeet ancl also iT} the Nalltei

ayea. It should be noted keye ehat soiyxe ef andalusite-beaying horn-

felses which ocegr kre the tkiyd zone e'ff the rnetamorphosee aygillaee-

etts yocl< and some skayft yecks nk"e a}ways asseeiated mritk tke brueiee--

eearble. A fine example showkig the abeve zona} aryangeft}eiit e£
metamoyphosed delomite in sitka}l seale, has beeii obseyved neay the

dyke of quartzporphyry i?i tke D6gan miRe, Nantei (Fig. 7).

 t'
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        Fig. 7. Sketek o£ a quawtz-perphyry dyke, D6gan niine, skowmg
      development of sl<axlt ymasses aleng its botk sides. The zening of

     thescmally metamoyphesed dolomite is also well shewn in smaiX seale.

    ProgJ"esslve 7netamo?"phis･}n o.f siZ?:eeo･z{s aloZomite.-itecellt}y £he

problem o£ pyogyessive metameyphism ef silieeokis dolornite has
been syste}natieally seudied by N. L. gewgN(43) with the aid ef
the eomposiLtion tetrake6tyon. 'l]hirteen possible steps ef increasing

deeaybei}ation, tal<ing place at successive}y hlgher terr}peyatures at

aiiy given pyessure vkrere reeegpized by kim. Ten minerals s{ieh as
tyevaelite, forsteyite, diopside, peyiclase, woi}astonite, ms}}tieel}ite,

Skervaanite, spurrite, merwinite, alt{il larnite -weye 'eensidere(l as

indieateys of the gyade of metarnoyphism. Altkeugh only five
rainera}s otrt ef the ten indieatoys s･electecl by BoweR have beeik

aetLia}Iy £omid hi £he Suialt distriet, the progressive metamoyphism

   2) eess 2) tskag
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of the siliceeus (lelemite may be well tyaced in the metameypkosed
Ciolomit.es witkiR the eontact･ awweele of the Suiaxt granke.

    Aceerding to the writer's maicroseopie obsewaeions aiid also
fyorr} the chemiea} eomposition showR in eable 4, the doloxnites

fouilld neay the Ketud5 xfiine ttsually eeRtaip a very srnall ameunt e£
impurities sueh as silica (less thait 3C)2), alumiRa (}6ss thaR i.5%)

and iroit oxides (less than e.5sc.,･). Xf we use the goweR's ce;n-

positioii dlagyayy}s (Fig. 8) £oy explanatioR, the ehemieal composi-
tieyts of t,he cto}omites in question wil} be represeneed by a point
meay A. Tkese diagrams shew cleayly tke mineral asseinblages of
ehe metameypkosed silieeoRs dolomites whieh eeeur in the S"ialt
eofttaet-zofte.

No. 1 2

 WABLE k

6 7 g 9

 Sie: 2.75%
 A12es 2.26
 Fe2e, e.23
 CaO 31.03 30.28 32.e3 26.04 3e.e8 3X.Og 37.93 3e.66 30.41 %
,MgO 20.3g 2i.29 20.46 21.05 2e31 2e.96 28.74 21.eO 21.87
 &03i} 1.ee O.56 1.4e 1.33 i.33 O.63 6.44 2.94
 Na.O o.4o
 Ig. ioss 42.4e 47.72 (CO,,)
               99.37 ieO.OO CA9. (mol.yatio) 1.IG 1.02 1.13 O.89 1.07 1.07 2.46 2.e5 1.ee

 MgO
    (1) Feysteyite-deZemiee-marrble neay tke kotoite-marble, 10eO gyaku-level,

 N.e.B., Kotud6 mine. Analyst, K. Tarr}ura, esaka Indust. Lab.

    (2-8) bolomi£e-mavblesseheeountryroekso£ISr.e.B.,Ketud6mine. Analyses
 made in Hitati Res. Inst. (By eourtesy o£ Dr. S. Miyagi).
    (9) Theoretical eomposltion of the pure dolomite.

    When at£entieR is turned to other l<inds of metamoyphic roel<s
of the SuiaR d}stvSet, it xreri}} be foui}d that ynai3y iRterestk}g yoeks

have not yet fu}ly been studied. For i.llstaRee, it is observed ehat
xfletadelerlte has beeR c}ian.crecl to its hoxnfelsie faeiGs with the {levelop-

mexxt of biotke, basie plagieelase, hoynblenCle, ete,, in eensequeRee
ef the disappearaiiee of some former eenstituent mineyals as shown

   1> B203 eontent in doiomite-mawbles may be aseyibed to ehe presenee of a small

amount of boroit-mikexals of pneumatolytic oyigin in the anaiysed samples.
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   Fig. 8. A sevies ef pyojeetedi eomposi£ion diagrams gl-VII> showing the
progyessive metamorphism of siiieeous diolomite (a£ite.r gewen (43)). SkeEton
diagyam (VIII) of tetyabedron, ilEustwating eompositlon of phases in meta-

rrxewphosed, silieeous rnagllesian limestene, and sbowing the sueeessive steps o£
metamorphisip. Q, quartz ; Cal, ealeite; Dol, doXemite; Mag, m,a. gltesite; Veif,

perielase; Fo, foxsteyite; Ezz, exxstatite; Ty, tremelite; Di, diopside; We,

vgro!Xastoltite.

    ?oint A regeresents the eempositlen o£ a $lightiy silieeous doXomite. Roeks
havlng sueh a eomposieion are commonly found in the Suian dlstrie#.

   ?oints B & C repwesent silteeeus dolemites.

   ?eint D repTesents the eompositien of a easebonate-beaying quasctziee. (I]he

woiZastonite-edepsidie-quartz assemblage kas lveett notieed among the meta-

mewpkesed yeeks in the Nayitei area.

   ?eint en represents the eomposition e£ a silieeous limesteke, exaTTxple of whieh
is veyy yaye in the Suialt distriet.

   rehe diagram K, showing the mineraE asse!x}blages o£ the oyiginai voeks.

   The diagvam Xg, showing the ininerai asseixihlages of ehe metameyphosed

woel<s of the coneaet zone (S>. (rvig. 6)

    The ct2agrnTns IIM, !V, and V, shewing the mineyaE assemblages of the meta-

meygehosed xocks of the eontaest zolte (II). (ps:g. 6)

   [Irhe diagrams VI and ViX, showing tke rnineral assembEageg oS the rneta-

rnocephosed roeks of the cent･ace zone (IIK). (Flg. 6).

                                             --I-II :

Il-III:

III-IV :

IV-V:

V-VI:

VYVII :

Paived eomposition diagrams of yeaetien equat!on,

  3CaMg(C03)2+4Sie2".--CaMg3(Sie3)4-i-2CaC03÷4C02
  [Volomitel [Quartz] [TremoEite] [Caleite]

Waired eompositioft diagrarns of reaetieza equatien,

  CaMg3(SiS3)4+5CaMg(C03)2pt6CaC63-P4Mg2Sie4+4COs
  [Tremolite] [Dolomite] [Caleite] [Fersterke]

Paiyed eornpositien ctiagrams of reaction equation,

  CaMg3(Si03)4+2CaCe3-F2SiOswe3CaMgSi2e6+2C02
  [Tremoiite] [Caleitej [Quartz] IPIopside]

?aired eompositioit diagyams o£ reaetion equation,
  2CaCe3+3CaMg3(Sie3)diee5CaMgSi206+2Mg2Si04+2C02
  [Caleitei E[l]scemolite] [Diopside] [Ii'oT$teyite]

Paired compositien diagrams ef reaetien equation,

  CaMg(Ce3)2vethCaC03+MgO-l-C02
  [Dolomite] [Calcite] EPeviekase]

Paiyed eomposltiolt dlagrams of reaetien equation,

  caCo,÷sie2witcasio,+ce2
 [Caleite] [Quanctz] LWollastonite]
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ki ?l. LVIX, Figs. 1 aRd 2. In oydey to compare t,he gmdes of meta-

morphism o£ vayiegs rocks the wrlter has inade a rough eQrrelatieit
ta.ble of twe dffeyent types ef metameypkie zoiies reeognized in the

Suian contact zone, as shown b6Iow.

                          (g'Agm 5

Table showing the re"gh eoyyelation ef two types o£ yketayy}erphie
         zeftes yeeegnized in #h6 Suiak eeantaet azzifeoie.

Gyadeef
metamoy-
pkism

Zene

.
I
I

iiSilieeousdolomite
Argillaeeous

z"oclcs
Rernarks

Origiital
yoel<

Quartz-beacringdo!omite Blackslaee,
phyllite'

SilleeousEime-
stone,metadole-
cri#e,epidie:itt.

l.ircremoiite-

X,bearingdeiomite-
mai"bleI

'

Zolte

....

.
g
x
"
i
g
i
R
a
l
r
o
c
k
x
t
u
n
.
.
.
.
I
I
t
t
t
t
t
t
t
t
t
t
t
t
I
I
I

Mieaeeous
(serieite)phy!Xite
Spokted$latyor
phyllitieyoelg

Quatrtz-bearingerystal}iRe

kimestene

II(a)
Fogesterite-

dolomite-mambge

Spottedbiotiteghernfels Diopside-
tremolitesl<arn

Low

ffigh

II(b)
Forsterite-dolo-
mke-marblewith
elinehumite,ete.

Bioeite-hornfe}s
(Tourmaiine-

b
e
a
r
i
n
g
)
h

IIIi

i
l

Forsterviee-

brueite-marbEe
(Peneatite,
predazzite)

Altdalusite-(Cer-
dierite)-kornfels,Coyundum-

hornfels

Bioeite-J
hornblende-
plagioeZaseyeek
devivectfrom
metadelereite,
garneeaskarft,
diopsideskaxees,
wella$tenitesl<arR

      Pyrcowtewtsemafttksrw, gethewgmeLaeokygic afkrk kydier"ehewmmX

                         megasewtaSism

    In the ca$e of t,he thermal met.amerphism the roeks neay the

eont･act･ vLreye simply effeet,ed by tke rnagmatie heat. At £he Suialt
eeRtact, hewever, other kinds of alteyed yoeks whiek may have beeR

£oymed by a transfey of inaterial fwom the magma. Sgeh a pyoeess
ef reek alteyatien at･ igReotts coRtae£ has been termed "pyrometa-
somatism" by W. Lindgren(g) ane I[<nopf(75) anct "pneumatolytie
metasoma,tism by V. M. Goldschmidt(58) because the metasematie
aetion of emanated substa,nees at high ternperatuwe froin the magrua

played ak importaAt y61e.
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    In tke Suian distyiee ealc-rnagnesian silieate reeks "sually ca}led

"skarn" are spoyadiea}ly developed along the eontaet bet"reen
earboiinte veeks (especial}y, imp=ye earbellate roel<s) and the iglleo"s

roeks. Importaitt skarn suxassesiaye indicated olt the aeeempa}iymg

geelogic.a,} crfiap. (Pi. XLVI(I)>. '

    It. may, however, be neted tkat while some matek"ials are intye-

duced iiito the earbonate yeel<s frem the magmn, yet the new-formed

metamorpkie i"ineyals are dependent prineipally upon the oyiginal

eempositiuft e£ the yeplacecl rcek. Cn the ether kalld the pyoducts

ef pyyeiyietasomatism also depend on the coynpositioll o£ tke fiuid
eausing alteration and also en the pxevailing tempeyature aiid pres-

sure dtiring the a}teratien.

    In tke case of the Suian district where tke dolomitic roeks are

dominantly (leve}eped, abtmdaRt cale-ff}agResiaR mineyals are Eotmd.

Amoiig' tke paetasoinatie yoe}<s iR t'his distriet the wyiter diseoverecl

an inteyesting series of roel<s whick were produeed by bewolt-fiuoriRe-

lmeumat･e}ysis. Genetieally, the wyitey elassified the x¥ietasematie

rocl<s k#o tkyee grogps: (X) Rocks forTned by boyoR-fiuorine-
pRetmiato}ysis, (2) pyrometasomatie yocks (skarns), aRd (3) hy･dro-

tkeyma,}-izzet,asomatie roeks.

       (i) R"eks goyixxedi by bocrefkptfiKxijgeif]Le geerxegxmktoXysise

    [l)}'ie reeks which beloiig to this group ak"e the mest katerestiBg

ifoeks iri tcRike Suiaii distriet. Altkogg}} it has vg;idely been lmewA

that prodRets formaed by horon-fi"orkie pneumatolysis, sgeh as togr-
malkiizatio" axinitization ete. aye eommoBly developed in the coRtaet

zene ef many gyanitie rocks as has been desewibed by Fiteh(52),
Geldschmiclt(5g> and others (see Lit. (61>), examp}es of oecvirreRce

of borates kza delomi£ie roeks are compayatively rare througheut
the w･orld.

    IR the itortherii centaet zone of the Stilan grapite, wheye the

Kottid6 do}omite are we}l develeped, vayieus kinds of beyate minerals

have beeR diseeveyed by the wyiter. Espeeially, the Kotvtd6 ere-

boClles are $uryoullCIeCl by a very iRtexesting" mayble eoRtammg
abuiidaiit mtagnesitiyy} borates sueh as ILidwigke, kotoite, szaibelyke,

ete. Ameng these, a new mineyal, ketoite (IY[g3BLOc)), was discovered

by the wyStev (36, 37> at this p}ace in Z939. [Vhe name, ketoite,
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was given in hener o£ the late IE'yofessor Btmdjiyo Kot6,i} w･ }ie studieCl
the yoeks aiid oyes of the ]EIol-gel (Ketudb) mine in l910.

    Koto2:tteatio?z.-As vvrrill be descyibed later, ttibular ey pipe-like

oye--bedies eellsisting of ctiopside, ehondrodite, pk}ogepite, ete., kave

been £ound in the vieiniey o£ the }<oeud6 granite (Pl, XLVII(II),>.
Tkese oye-heariiig skarn-iina'sses axe bordeyed by a cempact rock
conslsting esseittially of ealcite aii{i{ kotoite. [lrhereforG this i'oek

maay be･ eal}ed keteite-znarble, aiid the pyecess of its fok'ma;tien,

i<otoitizatiep. Macyeseopieal}y the yoek is wkite to eyeamy in eoloy
er may ioca}Iy be stained byovLTn by necessory minera}s. It is veyy
diMc"lt, to distiRguish the }<oteite-zrnarrble from an oydinai'y doloxfiite-

mayble in the field, espeeially in the undergretmd "reykiRg. gii the

po}ished suk"faee o£ tke speeiTnefi takeR freTxt the boLmdar}r "betweeik
                                                           ithe kotoite-inarble and the delemite-mnyble, the two rocks e3n be
easiiy distikigaished as shewn hi ?late LXZVX(XXI). Amoikg the
many oye-bedies of the Kott}d6 mine, t･h6 diepslde skayii of the North-

ern ore-be(ly (N. e. B,)L'} is elltiyely eneiosed in the pipe-}ike be{ily

e£ tbe l<otoite-mayble (Fig. 9).
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   gig. 9. BEoek-diagram showing' the zonar arrangement of mineifals in the
pipe-like deposit ef the Northern ei"e-body (or New oere-bedy), the Xeezid6 mine.

         '
 k) fltuwa3kg4cfiirwee '
 2) N.O,B. (#inewee) is formeyly eailed the New Ore-body or ffal<kin-KO Ore-body.
    ( fil <ilrt,;'L' ee ee>
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Alt}ioggft the boundary sttyfaee between tke pipe and the vgTall roeks

appeays te be extrernely ttneveii as showR ixt Fig. re, its boundary

positieR ealt be definitely (leteymine6i in the unCiergyound werking.

It is a}so yRieyeseopieally observed tkat the beundary between the
kotoite-i:yiarb}e and the wnll roc}c (dolomite-marble) is sharply defined

as showlt iR PI. LXX(XXV), geig. 2. It, has been ebseyved that the
vein-lil<e l<eteite-marble oecasioiiaily peiietrates the wall rock, the

dis.
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    Fig. 20. Wyaeing o£ poiished specEinen from the Noythegrn eye-body, showittg
                                          . Note that the oyiginaX Xhe relation o£ kotoite-marble (K) to doloinite-mayble (De)
 silieeeus }ayers ln the dolomite are wel! presewved by many streaks now eon--

 siseiRg of forsteyite (F> asid calel£e (Ca). Boundary line between the doiomite-
 marble altd tke kotoite-marbie is very $kayp. The forme# yoek has beell repiaeedi

 by the Eaeeer as a xesult of boifon-pueurnatoiysis.

do}omite-mayble. Thus, this faet Indiea£es t,hat the fowrner has
yeplacedi the lattey. On the othey hand the koteke-marble itself has

bee}i rep!aeed by ix'regular masses ef diopside-skarii eoRt-aining iva-

poytaiit n3etal}ic mainera}s. As shown in ?l. LXV(XX>, the iinajey
trend of tfte diopside-s}<ayn is always regghly payallel to t,he oyig'inal

p]a]ies ef stratifieatioR whieh are }'epresen'ted by baRds of Itidwigite.

Between the s}<aru aiid the l<etoite-mayble a- ltarrow yeactiofi zone

skowiii.rv a peeuliay parageRGsis o£ boron ynineyals is a}ways well
develeped (?l. LXVII(XXIIX>).
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    filrhe petrogyaphie deseriptioll of tifie keteiee-xnarble is fts fol}ows :

    Kotoite-ma7ble. XVheft fyesh it is a compaet, white te cyeam-

ce}ewed rocks, bkit en weatkeying its charaeteyistie £eaeures beeeme
well develeped. ]Y[any small kolleMrs coiitainhig a ftne pewdeyy stih-

staRce and pyojectings of re'sistaiit mineyals may be lioticect oii 'the

vL]eatheyed surfaee of the yoel<. Vndey the mieyoseope the yoel< is

seen te be cyyst,allohkastie (PI. LXIX(XXIV> ai3d to ee}xsist, essen-

tially of kotoite and caleite w!th suboydinate amoLmts of fersterite,

elinehumite, 'spiRel, ludwigite a,nd othey borates.

    Kotoite.i> Tkis uetiiieral, a inagResium-borate, is olle of the most;

impeytant eoRstituents of the maarb}e aftd eonstitutes 25-35%) of

the roel<. As s}itown ln i?l. IJXIX(XXIV), maiiy {fletabketl grains

ef ketoite, 20-5e gyaiiis, aye orieRted ka the same diyeetieR, embedde(l

h'i a. gyoundmass of mozaie aggregate o£ caleit･e. As the inineya}
k'eseynbles forsteyite or diepside to s6rne degyee both in ee}oy and

in eptieal pyeperties ki ehin seetieps allct eeetirs alvirays in n3iniite

grains, lts owR pyoperties had not beell determined tili the wz'iter

sepayated lt frem tke matrix. Aeeerding te his investigatien, the
ifo}lovLTing properties kave beell yeporteCl (See ILit. (36), (3FU'>).

Chemical £oymula: Mg3BL,06 (er 3MgO･BL,()3). Ckemieai eo}nposi-
tion of the koteite £i℃m Kctud6: SiC>L, 1.329Z･, Al2Q, g.269ii, IEiEeL)03
e.20 S>2 , Fe () e.61 9{) , Cae O.18%, Mg･O 62.78 C/'Z , B,O, 35.20 C!' t' , }[ ,,O

O.e59･, Tota} IOO,6e%; Theeretleal eompositiolt o£ Mg3B.}O": MgD
6g.4692･ BL>O:i 36.54%; Morphology: yhombie, thie-grained (O.1-e.2

mm), subhedyal te anhedra}. Cl･eavage perfeet, para}leg to (lle>,

parting I]ara}}el to (2gi> is sometimes develeped. Hacrfinessem6i/2.
Demsity=::3.11. 0pticak pyeperties: Colerless. a='X.652, fi==1.653,

),==k.673t 7-a :'e.02I. (+> 2V=210, .o>]f, Axial plaiie paralle} to
(Ole). Z=:c. Vxxder tke kytwotkermal eoxxditiop this wtiRera} is
pyobabEy. ullstable andi may he altered into a hydrous bevate as seen
in Pl. LXX(XXV), iiTig. 2.

    CctZcite. This minexal eon'stittiees about 6e% of the reek. The
interloel<iBg gra,ins are veyy iyregular in outline, showiRg some-
tirke,s 1 elysynthetie twinniitg lamellae. '])he distkietieR between

caleite and doloinibo ftwas showll by ILembeyg's me£hed a#d also
preved by their yefraetive indiees. Dolomke whieh occuys ki tke
wal} yock, dolemite-marble, has never beeft fetmd in direct eoi3tact
witk koteite.

   I) LiNtsti
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    Yorste7"ite. It forms allkedral elongated graii}s paral!el to c oy

tabulav graiks pa,rallel te (106) vLrith' distinct eleavage paralle} te

(ele). Grains yeach a maximuma Iength of 2mm,, aiad are usvia}ly

coavsey than those of kotoite. r℃he re£yaetive lndiees are (x =X.638,
b'=:l.651, ?,=k.669, 7J-a==g.031. (-F) 2V==84G. Deiisity 3.22. As ex-

plained in the preeedlng seetioll tyeating weih '£orsterSte--Clelomlte-

marble, the £orsteyite is usuaily entire}y okr paytl}r surroLmded l)y
the ealeite ayea ip whieb kotoite is not fouRd.
    CL･e7?,eh･it?mlte. 'l]his niiReyal oeeuys sparsely in the mayble, seme-

times, being asseeiated xvith fowsterite. 'l]his is usual}y anheclyal

with modeE'ate yefractive iiadex and shows ehayaeteyistie p61y-
synthetic twkming eR (eel). On a }}aiicl specimen ks ce}cr is pale
yellepav to brewn while in thiR seetion co}oyless or pleoehroie xvith

X= pale gelden ye}low, Yx aliifiost eolorless, Z= pa}e yel}ow wlth

X>Z>Y. X malces an ang}e o£ 9-IOO with twinning p}ane p,"trallel

to (eeD. ･
    S?)'ineX. Tkis minera} is v6ry fiRe-gyained m}d euheclral or

younded. X ls foulld isolated iR ealei£e ey in forsterite. Separakecl
gyains of spinel aye pale gyeeii to yuby ift color.

    Lzeawigite. This iniReral is one ef the most important bevate
mlneveals in the Kotud6 mine. IS oeeurs as minute patehes oy styeaks

er iR ballds in the kotolte-marb}e (Pis. LX'V(XX>, X,XVI(XXX),
LXVII(XXII> and LXVIII(XXIIb). Aeiculaxte oi" prismatic crystals

in z'adiated ynasses aife usually exnbedded in ealeite free £rom inclLi--
siens of ketgite. As showR iR PI. LXXI(XXL'VI>, Fig. 2, prismatie
to acictAay ewystags of ludwigite are snvifeunded by ca}cite aiid both

are eRelosed in £he groundmasS comsisting of ealcite aRd koteite.
The minexag is wearly opaqtte in tkin seet,ien, but when tke section
 is very tkin, its pleoehreism is distitnct fyom dark gree}} to reddish

byown. Xffdayk green; Yflgreei3; Z7fyeddish brown, (// 't6 the

eiOngRht,tlkOnRo>?rvn mine,rais. [E)kere are two kmknewB min'erais found

 in ehe ketoite-marble. Vii£oy£uRaeely, due eo £he difficu}ty o£ isolat-

 iRg these xnineyags £yem the Moek alld a}so to theiif seaycity, the
 exact deteyminntiolt has no£ yet beeii aeeomplished by £ke wyiter.
 ei}e of these is fibyous aRd eolor}ess in thiR seetiok with higk

 bire£rigeRee. Whe ethey is brewit in coloy and prismatie to aeieulay
 ik foym. Their xx}imeya,logical natgye is now gndei' investigation.

     S2el･rkides. A few miRute speeks of metallie rnlnerals were

 observed in tke specimens. Vndey £ke yefieetiRg micyoseepe two
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No.
d

siot

TiO,
Al2ei,s

Fe?O:
MnO'

Cae
MgO
B2e,l

K20
Na20
p
s
Ig. kess

Totai

  2

 3.56

 za.d.

 O.21

 O.31

 ft.d.

34.10

21.28

ll.98

 wa.d.

 xxgd･

 ty.
27.82

  2

3.38

lt.d.

0.21

e.29

n.d.

34.72

20.30

le.59

 n.d.

 n.d.

 tr.
29.7s

 3

2.56

n.d.

e.og

e.23

n.d.

33.50

21.62

14.63

 n.d.

 n.d.

 tr.
27elO

99.73

(X'ABme g.

   4

l4.24

 R.d.

 0.31

 C.37

 n.d.

34.e2

l4.52

 7.36

 n.d.

 n.d.

 tr.
28.38

99.2e

 5

3e60

n.d.

0.32

O.46

Il.d.

34.24

21.20

12.02.

 n.d.

 n.d.

 er.
27.42

(O Chemieak Amalyse$

   6

 2.46

 n.d.

 o.e7

 O.29

 n.d.

34.42

22.68

l2.71

 n.d.

 k.d.

27.90

  7

 3.64

 n.d.

 0.26

 n.d.

33.94

21.l4

12.39

 xx.d.

 ft.d.

 tr.
2t?'.54

  8

2.7i

C.b3

O.67

O.27

O.05

33.23

22.66

l2.49

 O.05

 Oe63

 R.d.

2Z41

  9

2.24

n.d.

o.4g

e.62

n.d.

3&43
24.32

l2.28

 n.d.

 n.d.

 n.d.

26.76

99.26 99.27 99.26 100.53 98.91 leO.20 leS.13

No.

Caleite

Keteite

Ludwigite
Forsterite

Spinel

 1
60.7

32.5

 O.5

 8.3

'e.3

  2
61.9

28.8

 O.5

 7S
e.3

(2) Caleulated Minernlogieal Cempositieit

 3
59.8

33.8?

e.6

 6.0

e.2

4  5
61.l

32.5

e.g

 g.4

O.4

 6
61e4

34.5

 O.5

 5.8

e.1

 7
6e.6

33.7

O.5

g.s

 g
59.3

34.1

 O.5

 6.3

e.g

 9
59.7

33.2

 l.1

5.3

O.7

Wetal

tt.a07

MgO

zez.3

(ee.Otil> i-i5

ll

99.4 10e.4

1.23 1.11

- I03.2 le2.3 le3.3 101.1 iOO.O

1.68 l.16 l.e9 1.l5 2,05 1.e"

(1)
(2 )'

(3)
(4)
(5)
(6)
(7>

(8)

  (9)
  (10)
, (11>
  (12>

                                                   esxpXaemaei6erkg
}<otoite-mavble, Cross-eut tuimel 60e Syaku-level (6ee feet level), N.e,B･

Kotoite-marble, Cross-eut tunnel 600 Syaku-level, N.O.B.
Kotoite-marble, north Cross-cut tunne}, 700 Syaku-Ievel, N.e.B.
k-npure I<otoite-marble, stope-faee, 7eO Syaku-level, N.e.B.

Kotoite-mavble, 4-go"-kiriha, (No. 4 Stope>, 1000 Syaku-level, N.O.B.
Kotoite-marble, 4 g6-kiriha, 800 Syaku-level, N.e.B.

Kotoite-marble, 4 g6-kiriha, 900 Syal<u-level, N.O.B. Analyses, (1)-(7>

     quotecl 'from T. ¥amasal<i and Y. Yamada; Report o£ investi.cratioii
     on kotoite, Rep. Central Lab. Gov. Ty6sen. 21 (l94Z) No. 1, 1-16･

Kotoite-marble, Analy$is ixiade aLv Sy6k6s>'6 Ceyaynie Laboratory. (A£tey
     T. Asayama).
Kotoite-mayble, N.O.B. >
                    iKoteite-iTiavble, N.O.B. t Analyses xeported by S. Nagai,

Keteitemiai`ble, N.O.B. f T6kya lmp. URiv.
Kotoite-maxble, N.O.B. j
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ef tke Ketoke-marble

No. Ze 21 12 13 14
S(Oo 7.64 5.ll, l.98 2.96 2.98
TIO" n.d. ft.d. n.d. n.di. n.d.
$gi./"･l･i gl:g ?Igg glgg ),.6i glgs,

Mne n.d. R.d. n.d. n.d. lt.di･
CaO 34.73 29.26 34.01 33.70 32.e3
MgO 23.93 28.01 25.ee 15.75 21.5g
BeOe 9.83 9.60 lk.34 Zl.26 15.12
 "t)
k2.?. :Igl :[gl :Igl }2.e6 :lgl

F" n.d. n.d. n.d. it.d. n.d.
gi-tl9SS.... .?.i:.7.6....2.fi:.8.g. 2.6:S9 34.2i 26.86

eian P･istrict,

   Z5 X6
   - 2.86
  2"39 3e63
  n.d. n.ct.

  I.kO e.82
  e.25 e.33
  n.d. n.d.
 34.90 34.43

 22.18 22.75

  9.50       9.39
       n.d. }O.42
       n.d.
  n.d. n.d.
 29.23 28.8Z

l'Ey6se?z

  17
 2.87

 2.e
 n.d.

 0.4
 2.8
 n.d.
 39.2

 IZ3
 8.3
 n.d.

 n.d.

 n.d.

3o.e

(Kbreme) 25S

 18 29
 2.g6 2.85(eaX.>

 2.2

n.d. -
 e.4

 l.1

 n.d. -
38.4 34.28
[t8.8 24.64

 9.0 14.19
n.G.

n.d. -
 it.di. -.-

3e.l 26.89

 TotaX 99.69 keO.69 99.89

  ef the K6toite-mayble (in

 No. I6 11 12
 Caieite 49.5 61.2? 60.7
 Kotoite 26.7 '25.6 3e.5
 Ludwigite 6.4 1.9 l.2
 rvorsteriLLe l7.9 12.e 4.6

 Spinel 2.2 O.2 O.3
 Woeai 96.7 leO.9 97.3
 C/---4-,O-b-(l(l8,i:) i.o4 o.w? o.gs

of TabXe 6

<l3) Keteite-marble, leOO

           Takeda-Ty6bei
<14> Xetoite-mawble, N.e.B.
           T. Yosioka an(l S.
<15) Kotoite-marble (No. S. 156
           K. Tanvara, O$aka
<16> Kotolte-maTble (Ne.S.
           Sibaura Eleet. Co.
(17) Kotoite-marble (No. S.
           tion frem the
           methoci.
<18) Kotoite-inaisble (No. S.

           position from the
           ]nethed.
<19> Theoretieal vaiue for
           frem pure dolomaite

100.55 leO.05 99.97 leO.06

 weight peyeentage)

23 Z4
60.1 57.2
3o.g 4e.s?

 - 1.4
6.9 7.0
  - l.O

 15 l6
62.2 61.4
25.8 25.4

 O.4 O.5
 5.6 8.6
 Z5 1.l

100.0

  17

69.5

21.4

 3.2
 5.3
 e.6

ieo.e

  l8

68.5

23.9

 1.9
 5.1

 O.6

leo.o

   gg
61.i7

38.83

    97.8 107.4 95.5 97.e 100.0 ZeO.O 100.00

     1.55 l.06 l.13 1.e9 l.63 1.46 1.ee

Syal{u-level, N.O.B. Analysed in Chemieal Lab. o£
Sy6teii.

   Aiialysed ki llita.ti Res. Inst. (By eourtesy of
    Miyagi ) .

    3), 10eO Syal<u-marble, N.e.B. ARalysis made by

    Ind. Lab.
 260>, N.O.B. Analysis made in Res. Lab. T6ky6-
    <By eourtesy of H. Inuzuka).
   260), N.e,B.: The ealculated eheinieal eomposi-
mineralogieal composition det･erminecl by Rosiwal's

  839), Stope faee, N.O.B,, ealeu}ated ehemieal com-
  mineralogieal eomposition deteymined by Rosiwal's

 Mg3BL,06:3Ca(]O;i, supposed kotoite-marble deriveG

     (MgCa(CO:s):,>`
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l<inCis o£ sulphide pai:agenesis a}'e Roticecl: (l> associa"vloii of
chaleopyrite-bornke-klapyothite-vLritt･icheniee-ltative bismuth, and (2)

associatieit ef pyrrhotite--cubc"`nite-ehalcopyyke wit,h va}leriite-bls-

xnut,hiltlte-Ratlve bismuth-4native g61d.

    Che?niecel eom?)osi'tion.-With eold diIkite kydrochlGric aeid the

marb}e effeyvesees fyeely and is partly soluble iR the acid. It is
almost perfectly seluble in het styong aeid leaviiig a siv}:.ll aiinoLuit

of yesidvte. This solution gives a styong test £or boron. Due 'to
the simplieity ef mineyal eompesitioA the appyoxiffinte eempositio"

e£ the l<.otoiee-marble eall be caleulated from the yesults obtainecl
by the micyometrlc measgyements. The appyoximate resu}ts of.the
mieroxnet:ie survey eayyied out hy the writer are,,,as fo}low$: calcite,

65%-70% ; ketoite, 20-35% ; foysterite, 592 ; aRd l℃idwigite and othey

aeee'sseries i39?.. IiSyom the resglt of two aRaiyses b>r･ Resiwal's

method (Speeimens Ne. S. 260 and No. S. g3g) the approxiT)iate

chemieal eomposltioB o£ the speeimeRs was ealcglated by the wyiter.
(See (l]ab}e 6, No. 17 and ig). SiRee the keteite "Tas discevered by

tke wviter, specimeRs of the l<otoite-mayb}e have been ehemieally

stgdied by many investigators. IV[ore than fifteeii sakmples takeii

£wom vario"s payts of the NortheyR (J>ye-body were analy$ecl by them.

The results o£ the analyses are tabulated heye in Tab}e 6. In this

table the appyoximate mineralog'ieal compositiors caieulated £wom
nRa}ytical data by ehe writer, are also giveit. FMom this table
it is cleay that the ehemieal cempositioR ef the kotoite-makibles shows

eompayativel}r ceRstant values and theiy mo}eeulay :,'atio CaO:

MgO ls kept eonstnnt.
    Chemieal chc{a"c,ges i?zvoZveel in ketoititwcrctt?lo･72.-Fk'em the above

descyiptien a,iid ehemieal analyses it is stiggestect that the l<otoite-

ylta.yble kas an intimate genetical yelation 'to -ihe c}oloi:itite-mayble.

The kGtoite-iinarble skows a yemarkable decrease ox" ignition loss

(CO,)) and a .cr,reat iReyease iii boyie acid. [lrhe mest st,'rikirig £eatuye

eff tkese analyses is, hox7vever, that in geneyal tke yatio o£ CaO to ]NGge

lik tlf}esG yoeks dees not vary veyy much. Besides, both types aye not

rich In silica aiid nlumilla, these being eontainect usual}y, ki about

the same quaneity. Tkeyefore the hnportant einemica} ehanges
involved in kotoitizatio}3 have beeR the eliminatieB of earbon dioxide

and the intyoduetioii of boyie acid. Due to the g･reater i'eae£ivity
ef xnagnesiall than of ealcic component of delo'mite the iiitxodueect

borlc aeid may have eombined oR}y witk t･ke £er¥y}ev compone}it.
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'The amouRt･ e£ eliminatecl earbon dioxide aRd iRtroduced borie aeid

waay thus depend upon t'hat eE the magnesite meleetile o£ thn. yeplaced
dolomite. ki tkis yespeet the proeesses of kete2tization yeseix}ble
t.hat of so-ca,lled cledelomit･izatieii ef dolerRite. XVken ptire c].o}omite

is suffeyed by kotoitizatieR t･ke resultkkg rock ma>r be ei "puye"
kotoit,e-mayble eonsist-ing' enly of eRlcite aiid koteite. The equatiells

Tepresei#ing the feymation of peyielcase-mayble (brLieite-maayble,

peneatite) aR(l "puye" }<etoite-marble are showR below:

   1) CaMg(C03)2--op CaCe3 + MgO -Y C02
         (boloynite) (Calei£e) (Perielase)
                       Vma--wavamnd
                     }i)rcftICLASE--wrA.RBLrc
                          +Ei[2C>ofBRUCITE-MARBLE (E)ENCA.TITE)

   2) 3CnMg(Ce3)2"B,O,-"Mg,g,e6+3CaC03+3Ce,
         (bolemite) (Ketoite) (Caleite)
                             ,im-Wpm--"                            XIOTOITE-!MARBLE

    Vgrhen siliea and alumifta are pyese}it iRIthe orig'iiial do}emite,

therrflally meta'morphosed pyoduet ef the impure dolomite may
neeompalty foysteyite and spinel. As stated before the orlginal
C{elomite viThich has iiew been ehange to tke 1<otoite-inarbiie, had a

sitaall ameunt ef silica and a,luimina as detyital materia.l. It may

a.Iso be eoksidered that the oi'igina} rock ln qtiestion was thermal}y

ekanged i]]to foysterite--spine}-dolemite-maTble befoye l<otoitizatioit

began tmder the infiuenee of magmatie heat and emanation. That

is, iR the case of impure do}einite, dedolomStizatioR (formatiolt e£
foysterite aiid spikel) pyobably pyeeeeded kotoitizatien. Ceftsequent}y

a payt of the ir]agriesia molecules ef the eyigina} delomite was fiyst

eonsuimed to £erm foysteyite a]id spiRel aRd only the remaining Mge
moleetiles weye a,vailable foy the foymation of kotoite, Whis is the

yeasoR w･hy the ketoite-marhle procluced 'e¥'orn tke ptwe dolomite shews

the highest va}ue foy B,,():s eoi#ellt (refer to [l]able 6).

          Reaetgok zoifke beeeweegts keeokeepvakfbEe k!kdi

                       diEegesicie skarcgk. '

    As mentioRed before t.he l<otoke-marbl6 foymlng a pipe-like bocly
cal}ed "the NertherR Ore-body" oE' tke Kott}ct5 mine has beeiti kite}iiially

yeplaced by iyyegular masses of diopsicle sl<awn. (See Pl. LXV(XX),

and Text-fig. 9), The diopsidie skarn is usual}y boydeyed by a
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  Barrow reaet･ion rim, 2-5 mm hi vLTidt･h. Xii this payt tke paragenesis,

  of miReyals distinetly differs from that of the adjacent payt.
  ]XKaeroscopical}y tkis zene is iiot marl<ed, bLikL uiRdey tke maieroseepe

  tke thin sGe£lon skews that kotoite was tmstable a,nd deeemposerk
  iRto seeonctayy boyates ik this reaetioit zelte. Althougk the original
                            h texture of the kotoite-mayble has been pveserved ki this zoiie, acietikar

' itidwi.o..'lte, prismatSc fiuxobeyltnw (iN{Eg:gBL)e6･3]X(Eg(OIEI,}iE)L, and algo

 aeieulay szaibelyite (IEIMgBOn> have beeR newly formed and-axe
 seattered thyoughout this zene. In sonae cases elkiohumite eeeurs
 abimdantly in thls zoiie. Thus tke payageiiesis iinay be as fellows: lxrd-

 wigiee-szaibelyite-fiuoboyite--clinohumke-ealeite (Il'l. LXVII(XXII>,.

 IPI. ILX'VEII(XIXIIII), [Ei:igs. i-3, 1[I'l. LXX(XIXV), IFiigs. 3-4).

     L2tcl･zvigitiza,tio?z.-Tkis proeess is repyesented by the fermatien

 of iudwigiteO, a magnesitm3-ireii-boyate, 3MgeBL}O:.tliSe3g.i. "VtrkeR a

 large ainowit･ of iyen is presellt in the host yoel< or when the 'supply

 of lron is large, the metamoyphie pyoducts formed by boroxx-pneu-
 mat･e}ysis may be different frerri those feriined by koteltiza･eieR, in

 this ease t･he new foymed berate may be Iudwigite histead 6£'
 l<oteite (Pl. LXXI(XXVI>, Fig. X ai3d 3). Althougk the ltidwigite
 oeegys spaysely in the l<otoite-mayble ns desce'ibed befeye, the occgr-･

 yellce o'£ magnetite iR assoeia,tioii with }<etoite has nevey bee]i
 notlced by the writer. gn the other haitd ･where the }udwigite is
 abzmdantly present, l<otoite'disappeays and magnetite is fouRd. The

 intimate assoeiation ef meagnetit-e vLTith luClwigi£e is we]} showii in
 Pl. I.XXI(XXVI>, Fig. 3. In some eases the sza･ibe}yite oeeuys in

 this type o£ roe}<.
     k sheulcl be RoteCl here 'tka･t t･he charactek'istlc minerals belong-

 ing to Thumit,e gyoup, formed by fiuoykie-piieumatolysis, are alxvays･

 associatecl with the boyates descyibed above. Endeed, tke beyoll-
 fiueripe p}iLeumatolysis assoeiated with acidie igiteozis rock is the

 inost wi･clespread type of pneumato}ysis in the woyld. A}thougk the
 characteylst･ic boron mlneyal, tourma.line, is eoyninonly found iR t･he

 metamorphosed aygillaceous sediments near the granltic roeks in
 mally distyiets, it has, however, been sGIdoiin ye})orted that abtiiidaiit

 magnesitmi-boyates have beeii foLmd in piaeumatolizecl delomitie roel<.

    1> I.uclwigite £yom the Kotuc16 mine (Hol I<ol> was first cleseribed by E. V.

       Shannon (25). OwiRg' to the diffieu!ty o£ ident･ifieatioii the niineral was
       onee mistaks.-.in for lievrite by B. Koto (18> ancl vkras late}' tlioug'ht to be

       a new miiieral "eollbranite" belonging to the pyyoxene gyoup "by II). Ii'.

       HigL,gins (7).
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    Pa･ra･ge7zesis of the ･niagnesi2ton-boi'en ･mi?'ze7'ct.ls.-Wheii the beyon-

fiuorine emaiiatioiis aye iriirodtteecl into del'omite, mkierals siie}k as

kotoite, Ivtdwigite, szaibelyite, fiuoberite, humite gyou}), ete. may be

fermed. Several examples of this inteyesting payagenesis have beeii

stzidieCl by sueh investlgatoys as Ahl£el(l, ]Xifosebach ancl Oekmieken
(39) ; Emmons aRd Calkiiis (ti.9), P. Geijer (53, 54, 55), G-illsen (57),

Johiisten an(l Til}ey (69), Sliani-ien (25, 26), XVatanabe (36) aRd

Wi}}bo"rn (121, X22). Amoi3g these investigators Per Geijey stuidied

espeeial}y £ully tlte pa}"agenGsis ef, the boyates at various locali'ties
aftdi fuyther lleticerk ehat tke },Gg(F, elE{[),) rviolecule has playecl an

important y6Ie ki 't}ie formadeLioi} of the mineya}s ox" the humite-gyoLip,

fiueborite aRd orLuhite. As meiitieited b}' ?ey Geijey the illineyals

of tke huimite groLip have beeii regarded as a seyies of mo}eeulay
eexnbinntioR ef "Egt,SiO` with INifg ((>ff, IFX> :,. At [['Ekl}gruvan, Swecleii,

he gave tke followkig paragenesis of mineyals: chondyodite
(2Mg,Sie, + "ffg(OIEi[, F>L,),-fiuoboyite(3IVIgCtg,}Oe, {- 3iYgg(O}{[･Y>:>

-ludxvigite(3wrgC}:BL,OnTi Iifie3e."-magRsnYLite(IIi'e:iC).i) aitd s.v,g.o-e$t･ed

that these minewals may be interpyeted as moleeulay eompoxmds,

a,lthough the oeeuryeiice e£ kotoite (3A･Igg･BL)Os), was }iot l<llowiR
at that, time. The diseovery of l<otoite adds ene moye member to the

abeve payfigenetic grotip ancl eenfirms his iv}terpi.'eta"vieR.

    Tozt,7wza,lini,zcg･tion.-'l]he eeiniTioiiest type ef boyeR-pneumatelysls

may be £ogrmnllnization. kk the me'tamoyphic equivalene of argillaee--
eus sedieeeirts neay the Suian gyanite eontaiiis usually sm,"t}l prism.pttie

to acievlay e]ryst･als of touyTnaiine. As shovLrn k} PI. LX(XV>, Fig. 3,

teui'maliikizatioii of the hornfels was espeeially kitense iii proximity

to the tourixialiRe-qgartz vekis wkieh fill the old ehaime}s of sup?ly.

                  {
     PysegNkeeasomekxisffwa of tke cathgK}ace r#eks (Skarifkgxkskowa).

    IR the Suian distyiet so-ea}led skarn yoeks censisting essentially
of }ime-magfiesian silicate mlneya}s aye eften foLmd near the lntytisive

roeks (P]ate XLV(I)). These yocl<s are usLia}ly asseeiatecHi wit･k
car})enat･e recks aR,d, aye ofteii fou;iid aleiig faults, fissu2"es ai･ul et.hey

stk'uctLmlly weak zones eE this dist,rict. The skarn yeeks are also
found fis veliis even in t,he Suiaii gifkikj.'te at tke Saziri valley, we"'st

ef the Ketticl6 mkie (PI. LXIIil(XVII,I), Fi-gs. 3-4). And iLL is
 often seei} that xenelithie masses of ettrbei'ia.te-recks have been
 p3rtly or perfeetly eo}werted lnte the sl{ayll yoeks (?l. LXIV(XIX>,

 Yig. 1>.
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    Petrogyaphieally the composit,iok of skami }"oeks are very com-

plex being repyesented by tite follewing paragenesis: foyst,eyite,
feysterite-,",piltel, feystexite-diopside, cliepsicte, diespide-ehoRdrodite･

(Pl. £XXXI(XXVIb, pmg'. 3>, ehond}'odite (Pl. LXXII, Fig. 2), diop-
sicle-pklogopi'te, phlogopite (Pl. LXXIII(XIXIVIII>, phlog'opite-eho}idre-"

{ititG, diopsi(le--garnet, gaynet <}'l. X2XXIII(XXVIII>, Ilrig. 2>, Cliep-

side--scapolite, diopside-gnyitet--seapolite, gnrket-seapolite (Pl. LXIV

(XIX)), gaynet-vesuvianite, diopside-wol}astonite, wollastonite, etc.

Besides these mineyals s}<ani roel<s also eoiit."･tk? a seyies ef i[nineyals-

s"eh as serpentine, tyemoiite, aetinolite, epidote, elkiezoisite and
others. Caleite (Iamellar ealeite>, qt}artz and kali-feldspar (adularia)

are alse fetmd in tkese skayRs. As wi}l be deseribed later maany kinds

o£ metallic mineyn}s are ofteii found in tke skaurn rocks ferming lm-

poytaiit oye-bodies o£ ekis minhkg distriet. These metallie minera}s,
sulphides a}id gold, howevey, aye regarded as haviRg beeR formed
latey thall the siliea,te miRerals of ehe skayn roeks as shewn in ?I.

LXXIII(XXVill>. OR the other hand thei'e aye many sl<ayii-masses
IR 'vKrhieh no metallie maineral has beexx developed. The xx7yiteur iRtends

to deseribe only the impertant type ef tke skarn yocks in £he fellow-

mg pages.
    Skct:i'n ?'ocks of the Kotud6 mine. Nearly payallek to the E-W

contact of the Ketud6 gyanite and aleRg the N-S fault-zones the s}<ami

yoeks axe well developed, especia}ly oii the side of fe.y.steylte-dolomlte--

mayble. A part of the skarn rocks exteRd alse hite the igneous
mass. Geologieal yelations ef the skarii aye shown oll the geologie

sketek-map (Pl. XLVIII(EI>) aRd seetions (Text-figs. Il anct 12).

Sulpkide ores are eommoRly assoeiated with the diopside-skarn. Iik

some parts o£ the Eastern ore-body, veyy eoarse-gyaine(l skarn oecLirs.
It sheuld be noted here that the foymatioii of the skarn ¥nay be con-

tyelieCl by the loeatien e£ olCl fauks or fissure zones. Generally bounC(-
ayies betweeR thG skay}i aiid the wail roeks axe well-defilled. hi the

Eastern open-euit the yelatioll of the sl{arn yoeks to the igneoLis mass is

well shewn (?l. LXIII(XIVIII), Fig. 1). }{{eye the vayious l<iRd.c'

o£ sl<arii yecl<s are zonally developecl. Fyom setith to noyth, tkat is
to say, fyem the igneous body te the coimtyy roek, the aryaRgement

ef the roeks is as fellows: (O Kotud6 granite, (2) scapolite reel<,

(3) green dlopside--scapolite ree}< (Pl. IgXIII(XVIIb, Fig. 2), (4)

seapolite-garnet-diepside yoek (Pl. LX'IV(XIX), Yigs. 3 and 4), (5>

phlogopite roek (6) white diopside-tremolite-phlogopite yeel< (with

                                              t",.
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sulphides> (7) diopside-ehoiidrodite yock (g) ehoiidyodite yoe}< with

borates (9) keteite-marble (XO) fersterite-dolomlte-mayble (the wall

Toc･k) .

    It ltn,ay be eonsidered tkat volatile matteys such as beron, fiuoyiire

aRd chlerine pevgT coRtained in the s}<am'i mineyals suek as scapolite,

e}iRehuiiflite, datolitG, etc., haCl p}ayeCl an impertallt r61e in tke fey--

matioii t,kese sl<ayft }'eel<s. In the westerxx payt of the zyiine the

sl<arn yoel<s aye well develeped aleng the iiorth-sout,h Kotttda fau?t

aRd also east-west eo}itaet. The paz'agenesis of the skayn ･yeeks
coineides gekercnytlly with those of the easteyik payt deseylbed above

exeept ip. tke absenee of scapollte. Ludwigke, however, eceLiys moye
abtmdantly. AIeng t}te Kot{id6 fault the wrkey found a garllet skayn

espeeially rieh in geld (?l. LXXIII(XXVIII), Fig. 2). In additicm
to tkese skarn bodies, a layge eomplex pipe (ealled Nerthern ere-
body) ee}isisting ef kotoite-marble and diopside-skarn, has beeft

£eund iR the Ketutd6 dolemite (Text-fig. 9, PI. LXVII(XXII)>.
    S2lrc""n 7oecks of the Ncwztei m'ine.-In this mine skarll masses
are not uRifoifm in their eemposition. The distribv;tion of skarft

rocks is well shewR in ?}. X]LIX(XV).

    (a> Skayfi yoeks in the eoRtact auyeo}e o£ the Suia,R gyamte.-
Along tke immediate eontact ef the Suia}i gyanite yude}y tnbular

ma'sses of sl<ayn reel<s and sulphide ores aye well (lleve}eped. 'lrhe

boundary suwfaees between the porphyritie granodieyite and sl<ayn
is shavply defined aitd relatively even, wh!le betweeii limestopes and

sl<ayiis it is very 2rre.crulay. Ift some cases angular xenelithie bloeks

e£ the diepside skarft ewe £eu}id in the SuiaB .crraniee as shewit ki

?l. LVIil(XIIb, Fig. 2 allct 3. Gyenter parts o£ the skayn masses
eoRsist of green diepside (sa}ite) and gamket (Pl. LXXX.}II

<XXXVIIb, Yig"s. I-2>. Tkere£oye the eoloy of the sl<arn masses
is da,rrk greeR to daeck reedish byo"rii ceyrespendiRg 1'o thelr ininera}

eomposltion. Tke gyaki size e£ the mineral is iiot tmi£orm, being
Srom 1 rcm te lemin. Principal constituent mineyals of the skarns
aye as follows: diopside, salite (pyroxeRe>, andyaclmite, deep .crweeii

laernbleiGde (iron-yich amphibole) (ii'l. ILXXXIII(XXXVIII), }]iig,. 4),

vesuviaiiite, senpolite, epidote, ph}ogopite, forsteyite, spinel, zoisite,

clkiozeisi-kte, adtilarta, quaytz, eale#e, ove-･mineyals, Gte.

     (b> S71;{:e･]'n 7'oeR;s in the eo7?tact xo7?,e of tfz,e AXcentei g･z,ca7"t2-

dierite.-Tke miRexai asseeiatloll of the skarR iii this zone is some-

what different £x'em "ckat of the skayn abeve de'seribe(l. Whe eAde-

morphism o£ the igneous mass has beeii obseyved in this zoiie.
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    b Sk;a?`72s in the ig'neozLs r'oele (e??do7noo'?)hie ?]ock).-The

etttew part ef the qt}aytz-dieyite has beeik .crreatly mekmrorphose(}
iRto the sl<arn mass. The boundnE"y between ehe eru})tives aRd skairn

is not sharp. Every gradatiopal faeies has beeii foLmcl iia the tyaiasi-

tienal zeiie. Megaseepical}y it resembles the origiRal quartz-dioi"ite.

Kowevey, the roek is peltetratecl by light gyeenish veikks iii w}aicli.

some sulphide minerals oeeuy. The mieyoseepe }'eveals that it is

equigyaTiuiay and coiisists e£ plagioelase (laboradei=ite), pyroxe]ie
'(diopsidie a"gite), kornblellde, bioeite, titanite aRcl sglphicle-weres.

In'some parts e£ these igneotis masses, the skayn yorw'k is essentiall:,,x

eomposea 'o£ plagioelase and eozzsists.of e"hedral diepsidie pyroxene
aftd white fe}(lspatkie minerals.

    iD Ska7nn 7-oefos fo7a7n,eel z"n the earboncLte-7'eek (iexo7no?"phtc roeks) . '

-Sa}ke-gayllet skayll xxrhic}it is imcleubtec'lly dek'ived £yem magxeslait
lirnestoi3e oeeurs in the vieinky of the quaytz-dloyite. Neay tke
sout'herii eontaet an krteyesting sl<aylt eonsistiRg of pyroxene, gayitet,

titaRite and plagioelase, viras found. Sa}ite-garAe4e' (a}kdyaclite)

skayn are aiso nb"rtdaRt}y foemd. In t}iis a}'ea the wo}lastenite roel<

was rarely diseoveyed. In t}ite westeyR eeittaet zeite the geologie
welatioR has been highly obliteifated by the latew fatilti}".,g, so the

distribution of skarns ancl oyes kas been i¥itiek moye eomplex than

in the other payt. The gayliet-salite skarn in this zeiie, howevey,

skoviis petrographical}y similay ekaraeters to those deseyibed above.

    Skarn roek;s in the Sa,zi7"i vctlZey.-Sexitae inteyestkig sl<ay}k yoeks

axe found in the eoirtact zone o£ the Saziri valley, about lkm. west
e[f tke KotticlS miRe. [l]hey eoiYtain the foilowiRg inkie]'nls: aetinolite,

epidote, seapolite, g?,rnet, speculayite, tourmaline, qgaytz, orthoelase

(adularia) and calcite. The textgye o'E the roel<s varies fyorn plaee

te place. As shoxKTit in Pl. LXIII(XVIIb, }iSigs. 3-6, it is observe(il

that the SuiaR gyaAite ls pei}etyated by veins 6'£ sl<arn miReynls
along its jekits alltl fis'stiyes. The veins ofteA skovyT eharaeteristie

symmetyiea} bairdkig dLie to sueeessive depositioli of iinkieyals. As

seen in Pl. LXIEI(XVIII), Fig. 4, tlke alteyatieii o£ the xx,rall rock

is not ma}"}<ed. The mede e£ arrangement ef the mineyals is repre-
sented in the fe}}owing orcley fyeni wa}l to ceRter: tke wall yeeX
(the SuiaiG grapite <the poypkyritic gyapodiok-ite))-titanlte-epidote-

salite-gny.q,yiie"L'-scapolite yocks-lokig fibrous seape}ite.

    iR the vieinity of these veins a layge vasss ef sl<ayn recks is
(ileveloped at ehe coRtaet between th･e eaybenate roel< and tke kityusive.
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                                  '                        / ttTke mkieralog-ieal compesition ef this $kami mass geneyally eoiyt-

eides with tha,t of the skayn veins. Il]ourmaline is ofteii fotmct in

ehis ska,rn-mass. ffemntite and quiartz are iiot raye. It is eeca-
sienally obseyved that sl<a,-k xTeins in the Suiai} gz'anite ,ioin wk.'h

these ska}"p masses found in the eonta･et zoiie. Fropa the fielcl relation

it ca}i be said t,hat both the skarrn veins and the skani masses must

have been foymect after the so}idification of the euter part of the

Suiall grabite.

              (2) Egydifotkewgxxakptme$ksowaasic yoeks

    N-L?f(l･?'o?.t,s sil,iea,te 7"ocks.-rlrhe rocks ki this grovip aye e}itar-rf

-aeteyized by t,he pyesence o'£ hyc{k"ous si}ieates: seiip･eiktine, tale, ehlo-

rit.e apcLt minexals of zoisite gyoup togethei' with cai."boiiRtes. Whexe

the skayn yecks consisting wnaikly of ank>rclrous si}icates, weye
attael<ecl by latey }}y(irotheymal solutions, the yocks Lmdeywent great

cha,fig'6s a,nd fuially beeame assembla･gesi o£ hyclyotis siliea'te mhieyals.

Ig tkis ease the pyecess may be similar to the so-ca}}e(l "(].ia-
phthoyesis" or byeaking-{lewii process. As ebservecl at tke Koind6
mine, seypentiRe anCl tale togetkey wit･h earbonate if¥iineyals oecur
spoyadiea}ly in the ckondvodlt･e-diopside--tremoli･"Le-phlog.epite sl<arn

of £he Easteyii ore-bedy aecompa,nied £yequently by oye-Tyiinerals.
The proeess ef the format2en o£ these hydrous sllieates andotibted}y
is diaphtheretie. The h}r･drozis silieate rocl<s eofisisting ef ehlorite,

eale, zeisite, ete. are also abg}idaRt･ly found hi the NaRtei iiniRe.
Cempared witk t･ke minerals from Keimd5, these mkiera}s nye rlehey
ik iren, so the roek is daxl< green to greeRish gz=ey in eoloy. eii
the otker hakd, serperkine-tale-veinlets are also forltaed by hypogeRe
solgtiens aloiig tke fissuyes oy jokits of dolomite-marble. Yt may be
sain that these hytwozis silieate mineral$ virere foymed ekiefiy by tke

kydyotheyxr}a} so}utioiis i}i a latew stage of pyrometasoinatism, that

is t6 say, threugh the iffiikeraliza£ion eennected xvith builclkig-up

proeesses.
    S2(lphide eneta,se7??.atis';.}z.-The earbonate roeks aikd tke lime-

niagllesiaxx siliea.te yoel<s (skarit rocks) describe(l in aft ea,rliey seetiell

ef t}[ii$ papeT kave been often yep}aeeCl or cut bsr su}l>}}idle minerals

togethey with ge}d alld bismuth miyierals as a yesu}t ef tke action

of ma,g'ma!t,g¢ fiuid whieh wa,s emanated freir¥i the m{}gma･ at the
latest sta,g`e efi ks aetivity. As in the ea,se o£ the Sgiaii (llstyict] it

is generally accepted tha£ the feymation o£ silicate minera}s (s}<arii
niinernls) geweyal}y pyoeeecled sulphide-metasematlsm. Sulphide

mGtasomatism may haxTe takeii place aft･er the foyma･t-ioii G£ sillcate-
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miiiera}s. As t･hese resulting' ifoeks whieh eontain metallie vaiiierals,

ayG consiclek'ed to be eres, detailed descyiptio}is oE them will be giveii

}ater.

                                         b                         Chapeew V

                   MINERAL bEPOSX:KrS

    Ge7ze7ictZ fecet･z{?"es.-The Iatey stages of tke late-Mesozoic intrgsive

cye}e kk the SuiaR (listriet werG chayaeteyize6{ by the (lepositioii o£
gelcl-eoppey oyes fyom fi"ids, the distl}Iates or the lase residues from

the erystallizing magltias. As has been explaiRed befere, tke forma--

tion of ore followed the sl<aynizatioR (pyyomef]asomatism). The

pewiod o£ ore forn3atioR, £herefoye, is elassed as the seeoRd meta--
soma,tie peyiod. From the genetieal point of view the oye deposi'ts

of the Sutaxx district may be elassified as fo}le/xvs:

"> Kigk-tempeya.tuye (pyyemetasoinatie or eoiitaet-ff}etasoma･tie>

     deposits: (gold-eepper-bismuth-depesits>.

(2) Medeyate-tempeyatuye (mesetheymal) deposits.
     (a) Replacemeiit deposits (g'eld-eoppey-pdeposits>.

     (b> Veins (.ewo}d-silvey-}ead-ziRe deposits).

As th6 ore deposit-s o£ this distyiet have Rot been ehaRged very mueh
by the aetjon of meteeyic wateys, oR}y hypogene mineyalizations a}'e

deak with in detail in this-chaptey.

    IR tke preseiit･ study the payagenetic relation ef constituent
mineyals of ores were sttidied beth in the field a,iid ki tke laboratory.

The gangute minerals and theiy int6rrelatieit have beeR studied in
            ethin seetieiis aRd poliskect hand speeimens. itela.eiolls betweeik

ga,ngue miiierals aRd betweeii tkese and opa,que miRerals were iR-
vestigated witk t"lte poloytzing petrographie mieyoseepe. 'The detey-

mkiatien of the epaque iinin6ya}s were clolle by the meinernlegraphie

methe(l develeped by Schlleiderh5hn-Ramdohr(10e) and Short (105).
The relations of the metal}ie mineyals te one another weye easi}y
stucliecl viJith a l}olayizki.cr k'efiectiikg mieroseope.

    lli.gh-te7??,?)e7'aL?e7'e (?)yrow2ietaso･matic or ce･7?,taet-7netcLso7na,t･ie)

depos?ts.

    TE]hc, deposiJL's beioiiging te this gyoup are g'eneyally coRsiderecl

to have beeit £e}"med uiadey eompayatively kigh pressuye and a.t high
temperatuye. T}ie important deposits ef the Kotgd6 and Nantei
ruines are the best exaxitples of this gyoup. Seveyn} small deposits
ak'e fou=･d at Teiizi, Naikinyi and other pyospeets. 'Ii]hese deposits
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aye g'eBeTa}ly 'fouRd ki the inmiediate vieiRity o£ the Suian g'yanite

aRd asseeiated int･yusive yoeks. i
    AILLheug'h elese assoeiation of sl<arii yoeks wkh eyes ls eomamoniy

obseyved kh t･he distriet, theye are iinany large skazai masses almost

free freiiit oye mineyals. Sgeh barreit sl.<ayn roeks are extensively

(levelo}}ecl in t･he noyth--eastexi} centaet･ of 'tb.e SLiiall gi'anite. As

in the case of oye-bodies o£ tke NaRtei aBcl Kot"cl6 miAes, alollg
fau,lts ey fissure zoiies whick yepyeseiit styuettwally weak zoltes, lr-ll

regti}ay, rticlely tabular, oy pipe- --like masses e£ ska,rit milterals iRtey-
g}toxNrR w･ itk sLilphides aRd geld, are fotmd. As shovyrn iii ?lates XILVIX

(II> ap.(l XLIV(V) and Text-figs. I2 alid l2, tke whole mass e£
the skaix ifeeks is iiot tmi£eymly reineyalized and the ore mkkeyals
eomnaeii}y oeeur either in b"itehes or ki disseminatioR. IR geReral,
high tempeyatuye mineral asseeiatioit is yisually observed Bear the
corkact. As distaiice frorr} the eeRtaet iRck=eases, eharaetewistic

features o£ higk tempeyatutye ore deposits are lost afid aye shown by

those foniyied a-t modeyate tereperature. Some o£ the oye--bedies of
t,he Na,.itei mine show t,his traiisitional ekayactege.

    Age ffela･tions.-As in the Nantei mhie the sallte and diopside
skam rocks are pewetrated aRd eut by the aplitie dykes whieh seem
to be xelated to- the Suiait graiiite. In the Minami-K6 (the South
rnine) tke skam ores aye cut by nayyow dyl<es having the ehayae-
teristie poyphyritie textuye of the Stiiaik gyaRite. gR the ether hand

the quaytz-diorite maass e£ the NaRtei mine is partly skai'nized.
    As has been the ease iik other pyyometasomatic deposits, both
rnacroscopie aRd micyoscopic observntio)is show tkait svtlphide
mineya.is weife clepesited }atey thaR silicate minera}s in thls
distrlct. <See Pl. i.iXXII(XXVII), Figs. 3-4; Pl. ILXXIII(XIXVIII),

Ngs. I-3; VI. LXXXIII(XXXVIII), Fig. 2). Theyefore, the periocl
of mkieyalizatien may be divided into t"ro stages: (1> silieate
st."Lge ("tLo-getker wi"t･h oxide sta.cre) aitd (2> sulphide stage. IEE[ewever,

this divi$ion does iaet- i}ecGssari}y Tnean a. time-byeal< bet･ween the

two st･ages. Whe pk"oeess e£ the £oymaatioii of silica,tes aiid of sulphid.6s
mtty kave beelt coiitlnuot}s in maRy eases.

                     ewescrlpSiozz of gxes

                (2) Ores mt slae Ko¢igkdiG wwixke

    a} exide sres net"tr the E-W contaet.-Closely assoeiated with
phlogopite, Cloysterite, humite aikd etlaex sl<awn maineya}s, a small
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amoimt of rnagnetite is fotmd. Magftetite kere does llot eome intg
diyect eontaet xvith stilphides, a}though pyrite aitd pyyyhotke oceur

in the saiir}e s}<fiyn roeks. Mngiket･ite is frequently oetahedrftl ik fo"i"m

and is l.-2 cm. Ieng. Uitdey the mieyeseope it is rotmded or ectahed-

ra･} i}i shape a,nd is often whelly egelosed ip ealcite. Aceeyding te

the mineys, Yt' is possible fey the cn･t,meunt of magiietite to ikerea$e in

the deepey part of the Ie<otud6 mine. The stage of magtft.･etitte foyma--

tien is li}<ely to be eontempeyaneous wit･h tha,t ef s}<arn maineyals.

rwagi3et･ite is c"tEse tiotm(l hi lui(ivirigite--bearing mayble oiff the iE7V"esterR

ore-bodies.

    b) Su}phide eres (geld-cepper-bismutk eyes) ef tke No}'theyn
eye-body (N.e.B.>.-Oye xxalnerals aye usxially fetmd hi diopside-
elinohumite-ph}ogepite-skarn whieh aye gei3erally e#close{l iR ketoite-

marble. wrineraloglcal ehayacter of t,he eyes is veyy cemplex. The
fellowik}g eonstkuent ok'e-miRerals are ldeiatlfiecl uikder the E"efiectiikg

micreseepe: (1) pyrite(YieS,)), (2) pei3tlaiidite((B"e,Ni>S), <2･) py}f--

.i"hotite(lefieS>, <4) cgbnnite(Cugee,)S,)>, (5> vall-eriite(Cu3Fe.iST>, (6)

£ha}eopyrite(CulSieSk･>, (f7> boMiitG(Cu,.YeS.i), (8) 'bispsitithinite
(giL,S:,.), (9) I<la･pyotkite(CkicBi.iSt>>, (XO) xvittiehenit･e(C;vt:iBiS:s),

(11) kative bismuth(Bi) aRd (12) naelve go}d (Au.>.
    Fyom the observed paya.genetie yelatioR tke above miikei'ais 'inust

be divided into two ela,sses: (D iron-rie}3 parageivesis; I,)y}'l'te-
peRtlanclite --pyrrhotite - eubanite -- valleyi,.ite-e}ialcopyyite--hismgLLhki .ke-

golcl, an(l (2) iroxi-poew-paTagertesis: peRtlan(liete-ehaleepyx'ite-bornite-

l<}apyothite-w･it'tiehenite-Rative bismuth-golcl. The pai"efi,genesis shows

£hat the (leposits weye foymecl at. kigh teii}perature. Avaens.･r the
payageRetic relations of vayieLis exe mka.erals, the mos't kfipor{･Jmrt 2}.nd

hrterestkig pa,ragelletic yelations wM }be explainecl heye.

Pe7T,t,Zandite-py?"7kotite. Small gyains er fiame--iike erystR}s ot' })ent-

laRdite eeetiy bi pyyyhotite. I!l'laxr2e--}ike pentlnndite itkay he iitteE:-#

pveted as a pyeduct o£ unmixing" (Pl. LXXIXI(XXI'}<IIVT>, YRig 2).
C2ebanite-chctZce?)y7'ite. It is gellerally l<nex･vn theit tkese sulpkides

<Cu-Fe-stilphides> ea}i for'Jy} a soiid-sek}t,ioR at a kigkGy tem-peya£u.re
(rf,- 4500?) aMtCl hreal< clox?vll ."-t.a..'ain inkLo two at a lower. (cf. Newhouse

<84), Odinan (g8), Ramfiehy (92, 93), Sehwaytz (le2, i03> and' k'f.

'Wat,n,nahe (g18, X19). 'IE'ypical exarRples of eyysta}log"yap}kie intei'-

g"rowt,h of etibanite with cha}copyrit･e n,s showR k'i ?}. LXXIV
 (XXIX), Yig"s. 3-4 in(licnte t}･hat bst'it i[r}in-ern}s aye pre(kiets ot' the

t}Ritiixing ef a se}id-so}gtioia.
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 ¥!Tagl･ex･t[ite--ehctleo?)zf･rite. Va}}eyiite always oeeutrs iR chaicopyyite ai'id

 has nevey been found in pyyrehetite and eubanite. (ef. ijdman (g8>,

 95). The mhltex'al may kave heeii £eymed by partial deeompeskiell
 of iroii }-ieh ehalcopyyke at hig'her tei:riperatuye or hy the intyoduction

 o'£ iron into chaleopyrite (See Pl. LXXIV(XXIi}<>, Fig's. 1-2).
 Py?'?'hot･tlte-bo･?'･nite. Altl}ough beth minerals aye £etmd in t}ke same
 diepside-sl<.ny,mi of tke Northeyn eye-bedy in seme eases, they do iiet

 eeeur t,o.(ret'hey ki the same eo¥itinuo"s sekth-)hide-rnass. IE[eye, the anti-

 pathic kielatioii ef bornite to pyrrhotite is alse styikiftg ns ex})ressed

 by Gilbert (56).

 Nat･in,e l]is･]'}z,ztt'h-･u.,,zr.tttehe･7zitte-kZaproth?Ite. "When native bismuth is

 feund ii3 bornite-beaz'kig eres, it is entirely oy partially sgyyouRded

 by wSttickb3ite oy klaprothite. As wi}l be mentioned Iater these
 Cu-Bi-mineffals (klapyothite apd wittiekenlte> ma}7 be inteypMeted

 to be xeaction-pyoduets £oymed by the sceaetion of bismtith in liqtiid

 state vg･ith bomite oy chalcopyyite (Pl. LXXVI(XXXb, Figs. I.
 aitd 2; ?l. LXXVII(XXXII), Figs. 2 alkl 3).

 Kla,?)7'ot,fzite-bof'niee. Rod-lil<e inelv{sioiis ef }<laprothite awe efteB

 £ouxxd ki hornite. The similay eextuye has beell explained by Kyiegey
 (76> as having beeii eaused by the tmmixing of a solid solution
 (Pl. LXXVIII(XXXIII), Yig. 4).

 Bo7ozite-ehctZeopyTite. Cha}eopyrite oeeuys in two feyms. Massive

 cha}eop}rrite with clyop-like bismtith is £oLmd without aiiy yegu}ayity,
 while lamellar eha}copyrite is oyiented erystallogyaphically in bomite

 whieh is wealdy anlsotyopic as exp}aiRed in ?}. LXXIVI(XXX]I), Fig.

-' 2>. A s.imilar texture has beeR descrlbed by ReLmkig(96> in the owes

 of the Nc"ttas mhie, a]ad by Brinl{mann (44) in the ores o£ the I[[eRder-

 son iniRe, both of wki£h were formed at high-tempevatuwe. The
 wyitey also iRteyprets it as textuye diie to the gnmixiRg of a solid

 selutien as peinted eut by Reuining(96> (Pl. LXXVII(XXXII>, Figs.
 re nv2 > e

Native E.)ism2eth. As shevLTii in Pls. LXXIV(XXX>, liLXXVK(XIXXb,

,LXIXVII(XXXIb, LXXWII(XXXIII), bismutk occuys iR lryegu}ay
Emd d}"ep-}ike form in ekalcepyrite, boynite akd sphalerite. ]I'hlegopite

is often･ peiietrat･ed by veinlets o£ bismutk. Frem tkese oecuryences
o£ iiative bismuth it is sg.crgested that the bismuth iR Iiquid state was
sepayated fyem the oye-formiiag fiuid above its meltiug point (2710C).

 Thus, the temperature of the rr}eking point of bismuth may be used
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as a geolegie thermometey. (Re£ BoweR(41), ftakkdohr(94), apci
Seifeyt(le4>.
Bismieth-goZcl. As skoxvn in il'l. ILXXV(XXX), EIFXi.cr. X, fuke gyainecl

whiba" geld (prebably eleetrtim) is assoeiated with drop-lil<e bisikigth.

The vLTrKer eonsiclers tkat the gol5 was dissolved iA bismgt"ft i"iquid

at a kighew-tempek"at"ye.
Gang･z{.e mi･ne?;als. 'I[]ke f}ellovtring ga}igue mkierals oif skayn owes

whieh have yeplaced t}}e }<otoite-mayble awe identifieCl hy tif}e writer:

(I) diopside, (2> cliRokminite, <g> phlegopite, (4･> txemoii:te, (5)

serpenti,}ie and (6) caleite. Amon.g these diopslde is the mest
al)Lmclark gaxtgue mipeyal in the oyGs. T}3e textuye of gangzie
minera.}s indieates that the siliea,t･e minerals kave been replaeed by

metallie mineya}s (P}. LXXI!(XXVII), Y'igs. 3-4, ?l. LXXIII
<XIXVIII), Figs. 1-3 and ?L LXXIVIII(XXXIII), Wg. k).

    e) Golrt ores o£ the Eastern ere--bocly (E.g.B.),-g}'e mineyais
are £ounst iR (liepside-c}}oiidrodite sl<arR roeks as btmches or lyyegttlar
masses. fl]he identifled ore it3iftera}s aye as fellews: (" })yyite, (2>

pentlandite, (3) milleyite, (4) pyryhotite, (5) esehaleopy-yite, .(6>

boynite, <7) wlttiehellite, (8) bismtithinite, (9) tetyad>'mite, (IO>

sphalerite and (IX) gold. The minera･legy ef tke Easterii ore-body

is also very complex. As veyy interesting textures arid para-
genesis have been obseyved, a b}'iefi aeeotmt oif them wtll be g'iveB

Pentlct,ncg?lte-p?p'･}'hot･i･te. At higher magnifleatioia, it is obserK;･e(l that

small parallel blades of pentlandite are--e oriented ki- p.vrrhotite

(P}. ILXXIX(XXXIV), Irig. 1). 'lrhe eexetire may be catisecl by the

unmixlRg ef a solid solution of iBieS aRd NiS.

S2)hctle7'i･te-ehageo?)!/)'zlte. Mutual relatiens oif t}r}ese iiikieyals aye veyy

complex. Star--lil<e sp-halerite which has been called "Zinl<bleitde-

stewnchen" by itamclehy (92, 93, lee> was fotmd in ehalcopyrite
(Pl. LXXXI(XXXVb, Figs. 1 aiid 2>. Siiriall oriented iieedles of
sphaierite, exsolved pyoclucts of a solid solution, are also fo"nd abtmcl-e

antly in ehalcepyyite (M LXXXI(XXXVI), Kg. 5), On the othey
hay}d sphalexite fotmd iR bornite-ore eentains abgiidee3t spots ef
ehalcopyrite pyebably ferTned by the uiimix!ng ef a solid so}utioii as

showR by ex' peyiments done by Bueyger(45) and Nakano(g3) (Pl.

Lxxx(xxxv), Fig. 3).
Spha･le7'ite-?)y7'obhotite. Small worm-like inelusiens of sphaleyite ak'e

obseyved in pyyyhetite. II]heyefore seme o£ sphalerlte-er.vsta}s have
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probably beeR Eeymed earliey than pyyrhotite (Pi. LXXXI(XXXVb,

C]ba,Zeo?)y?'i･te-py?fi?-h,oti･te. IlrRdey the mieroscepe it seems that pyx--

yh6tite hc"ts beeit rep}aeed by ehalcepyyite (U. LXXX(XXXV>, Fig.

4, Pl. LXXXI(XXXV'I>, Figt 3). ffewevey, veki-lil<e ix･asses of
pyryho'tite aye iffoimd be#weeR the g'raiii-botm6iayies of chaleopyyite

g'raiAs whieh e£ten shew beautiful ehaTacteristic twinRiftg }amellae
(Stevensen(lg8) (Pl. LXXX(X><XV>, Figs. k-2, Pl. :LXXXI
(xxxvl, yig. s).
PentZa?tdite-･n'i.2:lle7'ite. The oeem'rehee ef niel<el mineyals hi the

Kotud6 orees }tas not yet been yeperted. It is, however, yeeog'}iized

hy the wyitei; ehat "ickel minerals (pentlandite aftd milleyite> oeeuy

ln smal} quaixtities ip inaiiy parts of the ore-bedies. IE)he pekt}andite

repyeseiits ene of the earliest oMe minerals and was i'eplaeed by latey

sulphides and gold. wtillerite oecers only in the pyoxhnity o£
pelltlanclite and is elearly later thall the lattey (Pl. LXXIX(XXXIV),

Figs. 3-5>.

Teto:adymite.f) Whis mineyals is loeally ve}".v abemdallt. XVheye it

is })resent abtmda,Rtly, it is err}bedded h3 ea.leite which fills the intey-

sticial spaees o£ diopside. Vpcley the microseope k is also seeik that

small fial<es e£ tetradymite are oftGn associated "rith bismtithinlte
and go}d.
GoZd. Go}d is present as an irnpok'tant iinetallie iv}ine}"a} in fyee state.

The distribtition of gold in minerals is Rot slmple. The gold is ofteii

assoeintecl wkh chaleopyritre as shown ki IPI. LXXth'Yill(XXXIVII),

Figs. 2 and 4. Smal} gyains of g"old nye also enclosed in pyyrhotite

as shewR in }l'l. [LXXXI(XXXVI), Fig. 4 aRd I'l. YXXXII(XXXVIb,
Yig. 3. It ls inteyestkkg to note that gold "ras often intimately asso-

ciated with tetyadymite and a}se with bisrnuthinite, (Pl. LXXXII
(XXXVIb, Fig. 1. Whe high grade gold oye obtained from pklo-
.cropite skayn at the 70e syak"--level includes th/e fellewing mineyals:

pentlaRdke, milierite, spha}erite, chaleopyrite, bernke, vLrittiehenite,

aiid gold. Ill this eye the gold together vLTith other sulphides was

deposited along the eleavage p}aiies of pentlamlite aix.l the fo}rmer

   1) Aeeording to the reeent investigations on Bi-Te-S miiierals, the £ollowing'
      minerals have beeR 1<nown as distillet species; telluvbismuth (Bi,[l]e:.;>,
      tetvadymite (Bi,,[Ire,,S), g'rtlzzlingite (Bi4II]eS,}) and joseite (Bi,,,[[EeS>.
      [I]heiv mutual ident-ifidation is se dieaeult kmcler the microseope that the

      Bi-Te-mineral deseribed in this report ls not st}'ictly eonfivmed.
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{S]tAgmE 7

Paragenetie table showin.ff ehe sequenee e£ metamerpnyltie and hypogene
      mineifal dieveloprrient iit tke gold-eeppeif-bismvitk depesits

                   ef £he Kotwd6 mine, Ty6seft.
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mkaerals nife cleki'Iy latey t}ria¥i the }atte℃ (IE}}. Ik･XXIX(XXXIV),
IgXigs. 3-4･>.

    Ga7?,g2ee 7??.,'i･?ze?;ccl.s.-These xtiineya}s ikcl"g(Ie IR{{wigitG,, l<6toite,

fiueberlte, szaibelyite, cl.iopside, tremolite, chenclrodite, elinehumite,

phle.crepiiLe, serpeRtine, ta･}e and datolite. Betweeii these eye-bodies

ancl the w･al} rock (dolom2te-mak'ble) a naryo"r zone of itew-feymect

caleke is usLially [levelopec! as s}iiown in ll'l. LXXIX(XXVII>, Fig. X.

    (l> 'Geld eyes of the "res.tern ere-boclies (W.().B.).-IN(Eipeural-

og'ieally the ,ff.elcl ei'es of tkese ore-beck'es may be ela･ssMed intg 'three

sfyoups: <rlk' ) pyyomet･asoiv.atie go}d-oye in diepside-phlogopite skayii

(2> pyx;ometasematie geld-oye in gaynet skayit aftd (3) mesotheifmal
replaeement eyes ik delomite. The fir$t gy@oup yesembles the ores

of the EasterR ore-bodies while the seeond shows some diffeyeikt
featutyes. Tke thiyd group "r･ill be descylbed later.

    Ge}c{ ore in ga,rllet skargi ("garitet oye">.-The oye oecuys in

tabtilar £errn aRd Iies aleng the }<otud6 fault. The fellowing miikerals
Nxreye idekittwed; hematite <sGceiidary), pyrite eha}eepyrite, k}apre-

thite, lvismuthinite, tetradymaite, gold, garnet, and ealeite. Ulldey high

magnifteatioR native g'old is easily seen in pe}ished seetioiis aiid is

espeeially assoein,ted with bismgth-tel}uyium miweya}s sueh as bis-
･naut･himaite and ･tet･yndymite.

    I}i eoneltislen, the paragenetie relatien o£ the minerals ebserved
at the Ketu(l6 mike are skex]LTn ln Table 7.

       (2) gffes zzet ske Nazsierei wtigke (TaxX Mk Ckzaxxtg vaixke)

    Tke ores are mineralogieally very comp}ex. [I]he following hype-

gene metallie mineyals weye rdeiitified: magnetite, speeulayite, pyrite,

}}yrrhotite, 1611ingite, aysenDpyrite, molybcteRite, ehaleopyrlte, bernite,

klaprothite, bismntkinite, tetyadyinite, geld, tetyaltedrite, sphalerite,

and galena. Tke payagenesis shews that deposition o£ sulphides was
latey thai3 skaynizatien aiid depositioii of oxides. The NaRtei o].=es

eall be g'eiietica,lly elassified kito 'the followki,g,' fotik' greups: (a)

pyroiiif}etasematie exes in igiieous reel<s, (b) pyxom.m.tnsomatic ores

ki metamor:/)hesed sedimepts, (e) yeplncemeiit-ores ip. mayble, and (d>

knesetheymal vGkis. Ii} this seetion only (a) an{it (b) will be 61esek?ibeel.

    (a> F･y?'o･meta･.,o"zaeic o･?'es ?I7z igneozts 7･'eeks,.--A-･}o}').g the fissgyes

er £iraettiye zones eiff tke qgkaytz-(liorite geld aii(l eel.3peT oyes eonsist-
kGg ef cepl}er sull)hi(ies akd gol(il are fov;iid., especi..pt:,IIy in "A" ove-
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body. 'I]he oxigiAai eenstitueRts o£ igneous yoel<s like apat2te, zlreoR,

erthoelase etc. are fouRd as renmmit･s in the ores. Ilrhe oyes aye

often pelletyated by veinlets o£ ealeite hi ev6yy diyeetioii. The ere--
mtiiera}s ideAeified aye as follows: pyryhetke, arsellepyrlte, chal-

cepy2'Xe and melybdenite.

Py?'ite eeeuys ahundaAtiy and often develeps its erystal ferixi.

A7=sene?)w"ite. shows styong idiomorpkism.

Chalcopyrite is one of the most irnpoytaRt ere mineya}s aml ls elosely

assoeiated witk gold and silver.

]folyb(lenite is loea}ly found in great quaittities.

    (b) Pyyometasoma･tic ores ki metainoyphesed cak'bowate yoeks.
-Whe most irr}peyeane kigh grade gold ores be}ong to this gyoup.
The }}yineipal eonstituent oye mineyals are as fo}lows: magiietite,

kematite, pyrite, melybdenite, arseftopyyite, l511ingite, pyyyh.otite,

ehaleopyyite, bernke, l<}aprothite, bisTy}uthinite, tetradymaite, spha-

eyite, aRd gold.

twctgnetite aazd hemct･tite. The miiieyals aye £ound in midyadite-salite
skarRs of "B" oye-body aRd aye usual}y eut er Mep}aceCi by latey
sulphides.

ChctLco?)2/rite-bo?'nite--kZa?)7"ot･h#e. [l]hese mineyals eeeu;r hi speel<s orr

streaks iii the salite sl<ayn o£ the "B" ore-body The kiRinevals ayg
usua,lly fegnd, filling the interstitia} spa,ces, mipor eracl<s, a}id

cleavages of sallte-erystals. Crystallographie iiiterrg'rowth of bernite

witk chaleopyxite is seen on })olished seet2ons. The texture sho･ws

that the bornite has been replaced by,eha,lco})yyite a}ong eleavage

p}anes. A small aynemit of klapyothiee ls £ound in boynke.
Arsenopuy7"it'e' a'i･t,<l Z6Zl21ngite. rl]hese rr}inera,}s are the charaeterlstie

minera}$ of the Nantei mine. These aye oftek emheded in the
koynblende or ifi eha}eopyrite as sma}l speeks. ･
Pyo'zlte. The mkiey3i oeeuys h} m!nute cubes ey yeuRded-graip.s, being

o£texx st}ryoundect by ehalcopyyite. Frem its oeegyyenee pyritG may
be said to be a minera} foymed e,"trlie: than chaleepyrite.

Pyrrkot'21te. This mineya} is also yeplaeed by cha}eopyyite and pyyite

(?l. L'XXXIV(XXXIX), Fig. k).
SphaZe?':-i:te a,ncl gale?za･. Whese minera}s ave yare. Cknleopyrite is

yeplaeed by them.
MoZ･ybalenite. Ill-deve}opecl erysta}s ox" meiybdenite oeet}y iit tke sma}k

patehes er s"'eaks extensively iii pyroxeiie--skarms (Pl. LXXIXEV
<xxxlx>, yiig. 2>,
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Gold-tet7nadw?zite-bism･2eth'7'?ite.

the e}ose asseciatioR o£ these
ef the gold ores iR t･he Nantei

 As in the case of the IE<otud6 ores,

mkieyals is the most styil<ing featu}'e

miRe. IXC[any photemleyographs show

                       rfeABme 8

?ayagenetie kab}e showing the seqwaitee ef hypogene miRern}

     deve}epment in the gGld-eopper-bismutk cteposits

                  of tke Nantei mine.

,g

X.Elli a s e

     ×Mimral'ISXxt=>

Do1omite
C ,o,L ]. ci "u e

s'oysterite
Bruci. t;e{a£tey
   psvialase)
Splnei
Ciinohu.r.n"-i} L'e

Lu t:'L vv i g j. t e

Diopside
SB ]. i t' ･S

Wo ll fi yt. tonite
Ga :, 'n {. t

Vesuwisni, te
Ph].og6vSte
F] uorite
iVx"emol.ite
Ho )/'nb l, ende

Serr)en"..ilne

Zc･ksSte
Ey;ldete
Ch].o:rSt･o
Adv. I R.. i' i a

Qu ii- llvi t .z

Magnev Wie
Hor.i-rati"e

-Pyy2te
?-j･ ;Arh･:)t 'j. te

teolybder･".-ite

A,T]senopy': it'e

Lttt)li.ngSte
B ai .h mu t ]tl ill i t e

lljae±ve bisr,nutb
Te･ "',ys tviyini･ tev

Netlve go±d
Ch;'Aeepyr2te
B<) T.in･ S te

K].appetitSte
sphaley2te
Ga k' ttnt-.

 Contact
  phase
uter Xnner

 t

ma pmum

Pneurn,s.t.oiytic

    phase
E'alier Laeer

i

l

-F-

nv
ww

--u--･

Cu-Bi -- Au

 pha$e

e

e

    I

  anmuthtu-j

an

Hydrothe?ma)-
   Dhase

            '

            't

ne

/

u

Jl
･
i
t

'

mumatmmemum-ww.=-pm ･

rm



272 T. Wdtanabe
the mutual relatioii of these mkierals <?}. LXXXIV(XXXIX), Figs.
3-4). As skowxx k} the pheto.cryaphs the ynede of eec"yrenee of gold

2s ehayacteristie, that is useally asseeiated wSth tetwadymite aRd
bismut,kk}ite. Gold payticles aye tistia}ly se fi]ie that i-L' is impossible

to see tkem with the iini{eCi ey. e. :rhe di'ff}eult･y o£ milling ef the golCl

ores ef the NaRtei mine may be attribut'ed to this faet.

    The parageketie relatioiis ef all l<inds o£ minerals ffotmd at the
Na]itei yvii}ke a･re shewR in rl]abiG 8. It s?iou}d be Rot.ed heye tkat･

the Na:･tel depesit･s are e}ia,yaeteyized by the searcity o£ beroik anG
haleg"ei) minerals in eo-tykst with the abtmdant oceurrenee of these

minerals at Ket"d6.

          (3) Oeces kst ske Naikifkygi} gexeosgeeeet mkdi ske

                       SmkaxsKkX2} gtkizze

    eye cieposits so fay diseovered in the vieinity ef t.he Nnikinyi

villa.cre beleRg te the class described as tke })>rremetasomatic type.

MiReralogically the oyes foutiid in this district are very eemplex in

composition. The ere-bedies are £o}md iii the belts e£ impure dolomite

in the easteyn part of the eontaet nuyeole o£ tke SuiaB granite. The

£ollovtring hypogene mikerals wereGdentMed by the writer: pyrite,
pyvrhotite, eha}eopyrite, berBite, sphalerite, bismuthinite, tetyady-

miee, bisrr}uth, geid' , ludwigite, £oysterite, ehondrediee (clinohumite>,
seypentine, byucite, diopside, tyemolite, epidote, adularia, qgaytz,,

caleite, ete.

 Gold. Go}d payticles fotmcl in this clistyict are usually very eeayse

 aRd call be identified eveii by the liakeci,teye. Microscepie lnvestiga-

 tion yeveals t･ke faet that the rnocle oeeuyyence o£ the geld oyes of
 this dis'txiet is also ehai"acterized by the hitiiyia,te asseeiation of gold,.

 bismtithinite and tetradyraite (Pl. LXXXXI(XXXVgl) Yig. 5).

 Tetrctdynzite. 'IErhis iinhieral is always fouiiict i}i assoeiation x?vith

 hismuthinite. Vnder the micyoscope it is see}k £hat tetra,dymite $ome-
 times colltaiits minute inelusions of imknewn miiierals. ･Myymaekitie

 i]k"teygrewt,}t of unl<itewn eomponei}ts with te'tradymite is oceasionally

 ebsei;ved.

1) }ilkX (SangDai) 2) {ts 7Sc ee lk
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                 (4) Ores as Erefxzii> pyospeeg

                                                      '
･ The ore deposits o£ the Tenzi prespeet. are Ieeated in the noytla-

westeyTi part o£ the St}ian eontaet zoxxe. iteeently sev･eral tubulay
and pipe-like de})osits ef the pyxometasemat･ie type have been dls-

eovered aiid are behig exp}eited. The mkiera} parage}iesis of these

cteposits yesembles in some yespeet, that ef the Kotucta mkie. The

oyes o£ tke pipe-Iike depesits, however, aye chayaeterized by theiy
eoTztplex mhieya} paragenesis. The follewing inineyals vk;ere identi-

fied: mngitetite, pyyite, arsenopyyite, ekalcepyyite, sphaleyite, molyb-

denite, bismuthhkite, tetradymite, geld, seheelite, dicpslcle, phlogopite,

q"artz, adula}'ia, and enleite.

geld. Vnder tlte miewoscope it is seeik thae tetradymite an{I bis-

rnu£hlnite ine}udes very fine i)aytleles of gold.

SeheeZite. This iiriineyal is iiot eommen. Fyom the payagenetie yela-s

tien it seems that the seheelite was depesited eaylier thmi sulphide

m2nerals. ertheclase with a}i adLilayia-habit eceuys in the proximity

o£ se}ieelite (Pl. LXXXV(Xb, Fig. O. Tke genera} payagenesis
o£ £he mineyals are shewn in Table 9.

     ' [IrABLrc9
       ?ayagenesis o£ gol"-eopper-tungsten-bismuth ores from
                 the Tenzi (Kuftg Kol> pyospeet.
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    Mode?:ffte-ie7?zperceazt,re (7negether?nccZ> cge?)ositg.

    a) Re?)Zceeement cle?)esits in earboGzctte 7'oeks.-rl]'k[{e deposits

fallkig inte tkis group ave ehayaeterized by the pyesenee o£
hydrous sl<arit TnineynEs. [E]he oxes are gsual}y associated vgritk

£ayboltates (ea}eite aRd dolomaite) and hydreus silicates (ehlerite,

seypeiitiRe and tale). The deposits aye very iy}'egglaif in £oym and
stoei<-iike and aye fouRd in caybeiia.te yoeks. Jtist belo,w tke hanging

wall of impewvious kornfels ey sekist, the chemieal}y yeaetive earbo-

zzate yoel<s have beell iBteitsely mineralized alld a}ter6d into meso-

gkeyrRa} oyes. Fiiie examples of this categeyy aye seefi iii the depesits

feund iR the b6gan mine vtrhere t};e sulphide bedies have yeplaced the

llpper part e£ the dolemite whieh lies immediately under tke bietite
horAfels (PI. XLIX(IV)). The sulphide bodies aye also found in the

erushGd or fractuyed zone of the eayboiiat･e yocks. As iR the cnse e£

the WesteyR ere-bodies k3 £he IKotud6 mine the min6k'alized dolomite
rocks aye developed aloltg the Ketud6 fault-zoiies. Siwnilar deRosits

are also feund at the Keisyakol<"i) prospeet. Mineralegieal}y tke
sLAphide masses ef the rries6thermal deposits are soTnewkae siinp}er

in esmposition than those o£ the pyyometasomatie deposits. ?ara-
genesis hiclieates £hat these ores may have been foymed at moderate
tempei'ature. The folloxxring examples will be deseytbed below: (a>

Ores of the Westeyn oye--bedies a,t the Kotgd6 miRe, (b) mesothermai

replaeement ores nt the P6gan rr}ine, and (c) rnesotheymal rep}ace-

nient eres at Minarni-K6 (South mine> of the Nantei mine.
    (1> lgfesotk.e7'ma,L ores of the Yifeste7`?z o7'e-boclies at the Ket?t(Z6

m'i?te.-As showii in Fig. Ik, the sulpkide-2nipyegi3ated masses are

£ouftd ka, £he byeceiated doloTnite aleng the fau}t zones. The trend of

these tabtilay masses eoincides x?vitk t･he styi}<e o£ the Kotud6-favilt.
The following minerals were ideptified: ehalcopyrite, tetrahedyite,

sphalerlte, galeiia, gold-silvey, dolomite, and ealeite. Characteyistie

mineyais of moderate tGmperature deposits are eetyahedyite and

galeRa.
    (2> pt4esother?}zaZ 7'eplace･??ze?zt o7'es at the P6stctn ･m.i･n,e, Ara,nte･i.

-Just below the fiat eontaet betweeii hornfels and delei[riite severai

tabular su}phide bodies have been diseovered (Fl. XLIX(XV)). Tke
constituent. minerals identified aye as fo}lows: eha･lcopyrite, tetya-

kedyi£e, siphaleyite, gnlena, mo}yhde}iite, and s,old-silver. The rela-

'' ' 2) 'k'Sltteetwrw (Kung chai Kel)
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tien e£ tetyahedk"ite to cha}copyr2te is shewft in ?l, LXXIXIXI
(XXIXIVIIX>, ff'ig. 3.

    (3> #feseeher7naZ repZaceme'?zt o?'es at the twinami-K6 (sout]b

o}zi,nie), Nct'Rte'i.-Ik tke goythern part of the Mhiarr}i-K6, the sulphide

ores replaeing iv}arbles have beeR pyospGcted. The oyes, howevey,
contain eompaxative}y little golcl an(l mvie}tz silver. [Eihe sulpki(le

eres eoxxs2st e£ piR}<isk sp?}a}erite, galella, arsenopyTite, 1611ingite,

ehalcepyrite aitd caleite with a snialk nmouRt o£ quartz. These
sulpkide masses exteBd into the tipper aRd noyt}:tern fissure zoiies
betweeik heynfels and the NaRtei qgaytz-porphyyy where a typieal
qtiaytz--ea}eite veiii is develeped (?l. XIELKX(IV>).

    b) Vei･ns <golcl-s'ilver-ZeacZ-;zi･)ze dieposits).

    Ge??,e?'al fectt?wes.-Although the go}d-deposits of the Stiian dis-

trie£ have genexally been regardecl as typiea} "eentact metasomatic"
deposits, there aye seveyal exeeptions among them. ki the area wkere

the hoynEel.q,, slat,y te phyllitie rocks are developed as vkTell as i}i the

igneotis a}'ea, seveyal deposits be}oitging to the cnteg"ory of the true

veiii have been cliseoveyed. [l]heiy most conmaon mode of occtifyence

is ale}ig fissures parallel to the joillts e£ igneous recl<s aiid slates.

    Among these, tke Goy6i} and Ei}<62> veins aye the most impertant.

"]]he styike ef the Goy6 veins are itearly noscth-south and peypendiculay

to the eoiitact plaRe of the Suian g'ranite. 'l]he veiits dip steeply and

                                                      "are pessibly hiclined townxd eithey the east ey the west. The length

of the veins is moye than 100 meters. C･haraeters of the hypogene
eyes of the Goy5 mine will be explained }atey. The Eil<6 veins con-
sisting of quaytz, pyz'lt,e, .craleita, spha}exite, etc. strike N-S and fill

the joint. fissuyes o£ the slaty wall reek. }{Iuei3> vekis, however,
oceur wit,hin the ak'ea ot' the Ritiseidai graRke, their geReyal .styil<e

is nearly noyth to sotith, av,cl the dip is s£eep. As mefitioRed befere
some veki-like clepeslt$ have also beeR fetmd in the Nalltei mine.

Receiktly gold-quaytz-seyicite veilis have been woyked in the Suian

granite, iieay the Saziri village.

    Charact･ey ef t-he hypogene eres.-The hypogene oyes ef veins
in the Sgiait clistyiet eonsist Ia,rgely ef zinc, lead alld iyon sulphldes

(pyr!te oy }}yrrhorite), witk gold aikd silver. [l]he irnportant gangue

mineifals aye qua,rt･z, siderlte ,apl<erite (manganiferous) and seyiclte.

SRbordinate ametmts of eopper are contakied k} the veins.
                                      /t/
   1) gl-wa 2) ikge.t 3) fi,,ee
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    Gol･di-siZve7' ores at tlbe Goy6 7?'z･ine.--The hypogene etre$ of t,lte

geldi-silver veins at the Goy6 rv}ine consist o£ tke followkkg" mifterals:

pyyi£e, pyyrhetKe, sphaleriee, aysenopyrite, chalcopyrite, gn}ena, golcl,
quaytz, sidexite and seyicite.

Py7'ite. [g)his mineyal is a proiifiineRt eoiistitvient oi" the oyGs,

oceL}yying as disseminated eubes aiid erystalline masses. [g]he pyylte

ew>,stals have beeR firaetux'e(l an(l cexE}eiited by latey sni,･l)}iilcles anci

by gangue minerals (?l. LXXXVI(XLI), Fig. 3).

SpFb(eZe7'ite. Spkaleyite is abu{itdantly }]yesent nnd it includes pyrite.

Sphalerite eyys£als have been fractuyest aixl tke fraetu res bave beeii
cemented by later stilpkides. It has alse been penetrnted by ehal-
copyyite (PI. LXXXIVX(XLI), Flg. 1>. SceasiemaIIy eit the erystaE

sLwfaee 6f spkaleyite arseRepyxite-crystR}s have grt'ovy"i (PI.

LXXXVI(XLI>, Fig. 4).
A7'se7zopeyrite. (g]}ztis miiTerftl ece"ys in many places aikd it is espeeially

abkm(laiit ln the neytherR part ef tke Goy･5 vein. [gr}ite ayseiio})yrite

erystals have been cementecl or payt}y replaeed by e}iialeopyi'ite (Pl.

LXXXVI(XLI>, Fig. 4>.
(]Jhctlcopy?'ite. FIE]his miiaeral is re}atively co}itJimolt in tke oyes aii(l

it eeeurs iR iyyegLAay masses and replac6s the enk"lier mitierals.

Sphalerite-stays are oeeasionally foLmcl in chaleopyyite (IPI. LXXXV

(XIL), Fig. 4>.

PyG"o'kobtEte. Tkis Tnineya}, fax £rom being yaye, is fouRcl espeeially

in the nort･hern part o£ the veiiis.

Ga･l･ena･. The ga,lena ls elle e£ the iinost import･ant egnst'･itueitts ef
the eyes. This mineral cements fyaceuyes of pyyite RRci vek'y ofteiR

ine}udes partieles o£ g61d (Pl. LXXXVI(XIJb, Fig. 2 aftd 3).

Gol(l. Na,tive g'eld ls ofeeia ,feLmd in ga}ena, (Pl. LXXXV'I(XIjl),

Fig. 2). [{]he eexxtaet faee between pyrite and gale}ia was a £avorable
place for its ' depesition.

Ga･ng'zte ??z･21･n,era･ls. The fo}lowing miiiera}s' were ideiktified: qtmytz,

siclerite and serleite. Quaytz i's the most importa,nt constitueRt- of

the ore. Occasionally sideyite eeeu}'s abtmdaRtly. Asseeiatiok of
siclerite and pyyrhotite is Rot raye.

?]ffa･Zl rock. giotitG horBfeis aiid slate hav6 been inte}}seiy sericitizecl

as shewn in P}. LXXXV(XIL>, Ng. 3. geield aiLd inicxeseopie investS-

gations suggest the following payagenesis: (1) seyieitiz･atieii ancg



      6eogogy anel jdiineralization oj' the Suia?z District, T･yo"se7z (.iibrea) 277

silicifieatioR ef wrrnl} yoek aecompnniedi by development of pyyite, (2)

pyyitization, (3> depositioR of pyrrhetite, sphalerite aiid a little ]atey

aysenopyyite, (4) cyystallizatioii aitd replaeeme}it ef c}r}alcepyrite ancl

Lcr.a}epa witk gold. [l)hese ye}ations are shGwn ill rri7able le.

                          TABLff Zg

         Kypogege iinineral seqTtence in the g'eld eves fyeva

                        tke Gey5 mime. '

Phase ffydrotrhermislstrage
'

Mineral meayXSewLater
$eyieiire
Quaytz
$idiepite
"yutee
Pywwimoljite
SplaakewSte
AyseftogeyvSee mimChakeepywiee deGaXemea ua
GoXdi an

    S･iepe?'fieiaZ a･Zte7ia,ttron of tk,e o･}"es..-Oxviiig to the climatie eondi-

tions and a}so to the yapid erosioR, oye depesits of ehe Suiaia distyiet

have Bet beekk great}y effeeted by stipergene alteyation.. Iit partieu}ay

the supeygene mineyals, exeept a sma}l amotmt ef ehaleoeite (Pl.
ILXXIVIII(XXXIII), Fig. 3>, do not oecuy iR thg Kotad6 mi}ie. At

tke Nantei it}ine oxidized eopper minerals were foLmd in the uppex
parts of the ore-bodies. It is, however, impessible to study these
payts bee.ause the uppez' part ef tke oye-bodies has new beeii eiitirely

stoped eut. 0xidizecl xninerals fotmd at the Nantei mlne aye as

£ollews: malaehite, chrysoco}la, azurlte, cuprite, nat2ve eo})per and
limollke.

                         Ckaptesc VX

               GEma ifrxcAL coNsxewRArgrxgNs

    Th･e?'7nesZ 7?z･eta?no?'phis･}n ancl 7netaso?na,tisx･?.-On the origin

ef the skarn roeks there have been many disegssieRs among
the students ef exe deposits. The relative impeytance of
the agencles of heat ai?d material tyaiisfer kas long beeR
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discussed, sret te t･his day the problem yemains gmselved. Some
investigators sueh as {Jglow(114), Leith(77), ete. have emphasized

the effect of thermn} aetiens aBd coReluded that the g"yea£er part
of s}<arll reeks were prodLieed fyoiifi imptwe limestone throug}k ye-･

erysta]lizatio}i without any material exchnnge. (I>n the ether hand,

inVestigators s"eit as IJindg'rei) (7g, 79, 80), Vmpleby (X15), Kate

 (71, 72, 73>, Suzul<i (lke), Keimedy (74), Dtmhain (48), Yiitek
 (52), and Schinidt (99) have expyessecl the opplikieft tha.t- t.herb were

aetive transfeys of riiateyials like siliea, iroft, etc. from the magma to

the cotmtry rocl<s at the tii:rie ef skarnfzatioll. There is now a great

aeeumniatien ef literatuye on this subject and it ls i;xtpossib}e to

suiif}marize all of them in t}}i$ paper. Kt, shouldl, howGver, be neted

heye that inteyix}edlate opinlens are a}so keld by many worl<ers.

It is pointecl e"t by them tka.t the subst･ance ef some sl.yTarn minewa}s

aye partially acceLmted £or by mftgvr}a･tic emallatieRs, whiie tke
cheiT}ica} Raeuyes of fievLr-feynied skayii minerals a}ie also contrelled

by the chemieal coxnpesitie}i ef the oyigina} roel<s.

    It is gellGyally xeeogxxized that the metamerphic processes are

of two types, thermal (enioyrna}> metamorphism and metasomatism.
"]]he metasomatism ef earboRate roel<s by magmatie substafiees at
hlgh temperatuye was ealled "pyrometasomatism" by W. IILindgren
(8b and Xiiepf(75).' Ih the Suian distriet t･he features of metamor-

phic minerals show that theiy composition depends up6R the bylginal

yoeks. As the most pyedeminaitt eountyy roeks aye delomitic roeks,
the various l<kids of magResian mineyals, sueh as forsteyite, eholtcityo--

dite, brLreite, spinel, ph}ogepite, diopside, ketoite, ete. are abuftdiantly

fotmd, xKrhile some ealeie iniiiexals sueh as aRdxadite, wellastonite,

vesuvianite, are oecasionally £ouiad hi metamorphesed ea}careetis
woeks. IR tkis distriet t,raRsfey of maaterial frexr} the intyusive

magmas to tke coLmtz"y recks also LmquestioRably teok plaee. 'l]he
metas6matie introcluet･ioii of s"iea, iuro" beyoit, fiueriRe and ck}orine

into sediments has been reeordecl ii} maRy mineyals £ound iR the
centaet a.uyeole o£ the Suian graikite.
    Ti7ne o'elat･ion an(Z ?)h･z/sieo-ehenzicctZ eo･n(litiooz.-As to the.

sequence ef events, many investigaters have yepeatedly diseussed
the data obtained frem the field which they hacl stvtdied. ']]hermal

metamorphism and pReEimatolytic aetien of gases aiid dilute vapors
are geneifaily coiisideyed to have taken place first at the eay}ier stage
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ofthe kitrusioi} e£ magrna alld intemse paetasomatisTy} eai¥}e thereaftey.
Although the importanee ef pyyeTnetasematism was once minimized
by Sptiyr (1･g6, le7), Lindgren reeognized its iynpeytanee and

statecl tkat tfte develepment ef hoynfels, £hie reeyystallizatieii of

}imesteRe, liitxedtietion o£ siliea, the foymation of lime-iroR silieates,

the gyowth ef tke iren oxides, alld the sulphicle phase, al} £erm a
coRtinLxeus seyies ancl aye cagsed by ene'and the savae ageney, i.e.,

the tyaRsfer ef heat ancl substanee fyem the intyusive.

    Wf2{h regarcl to the SLiian distyice the writer kas endeaveyed to

establislt tke sequence of magmatie activities, metarv}orphism and
nkiperalizatioll. At the eei#act ehe Saian granite is geReyal}y fresh

and littie altered except in the ayea where the sglphide minerals

oecur, xvl3"e smalk masses of quartz-diorite, whieh ewe yegarded as

pyecuyso}'s of the Suinn grai}ite, }}ave beeR akeyed gyeatly aAel
chapgecl into skRmi masses. At the ]>{Santei mine it has beeii obseyvecl

tha,t the skarii masses kave bee}i cgt by the Suiian granite and its

allied a})Iites, wh21e veSlls e£ skayn mi]aerals penetrated the Sulaii
g'yanite a,t the Saziyl valley. These facts illdicate that theye vvTas a

long peyiecl ef skayiiizatioii and that this pyoeess began early iii the

beginpipg ef eyystallization of the maagma afid eoittimied at least till

aft,e}' the ek}ter payt o£ the gyallitie steek had eenso}idRted. At the
IKotucl6 mine the piietimatelized doloiixiite roeks, i.e., }<otoite-maayble,

ittd"Tigite-beariRg' marble have been yeplaeed })y lgter typical llme-

magnesiaR silieate reeks (skarn rocks>. 'Ijhere£ore this £aet suggests
t'hat the boyon-fiuorine plleumatolysis pyeceeded tlae skarltization.

    Iii yeg"aycl to the ore-formation the metasemat,ie proeess may
be sepayate(l iiite two perieds; <b pewiod of silicatization <skaxniza-

tioia) ttn(l (2> peyiod e£ metal}lzntien (foymation o£ hydcrezis silicate$

and sulphicles tegether witk go}d and bismu£h mineyals>. IE{Eovvever,
it seems, t,hat these two peylods weye, in seme eases, eerkinuous.

That i$ to say,, the feyrnatioR of sulphides followed the silicatioft

as })art of a eontinuous process of minera}ization. As mentiened
ear}iey, the sttlphide ores of the Noythevn oye-body of ehe Ketud6

inine, axe fottnd within the lyyegulay pipe-like bedies ef kotoite-

mayblG, It seems te the writer tkat such complex pipe-like bodies

may have been foymed by a }ong eoiieinued single mineralization--

pyoeess at･ yelatively high temperature. The field obseyvation

indicates that tke pyeducts e£ the fiyst -type ef metasomatism, i.e.
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the skarnization are usuftIly eenfillecl to the area adjftcent, to the

iglteetts bodies. On the ot,key haiid distyibution of the resgltlng

preducts dvie to the second type of ltf}etasomatisin <rfiet,nllizatielt)

has been espeeially eoiityollec{ by the structural eondlttlek$ o£ the
eotintyy yocks.

    As has been diseussed by Niggli ai3d 6theys, 'the b.eknvior of

a magma at the later stage e£ s6Iidifieatien may be dlffereRt acb' ord-
ing to the ext,eyRal coltdkiowas ef the rv}agmatie ehc";mbey. 3Lxigin.ff

fyom the petrogyapkie ekayaeteys of the igptheetts rocks ol' the Suia]i

district the depth of soli(IMeatioik of the xRagmas was prol)R'bly･ int6y-

mediaee, because the eyuptive roe}<s ki qi/;estloit gellerall:M' .q,hew the

kypabyssal ehayacter. No qttaRtitative data as to the }}yes$ure ceuld

be ebtainecl by the writer, altkovtgh Koto (lg) aml Higgiiis (7)

estimated the pyessuye at- the time of the £orrua,tion ot' 'lhe oyes. As

te the pyevailing temperature at the 'time 6£ mineralizatio}i, paragene-

ttce relations o£ some miRera}s wi}l throxxr lig'ht on this, qLies.tioii. As

meiitioned ki the proeeeding chapters the £o}lowhig may be coR$.ideyed
as g'eologic tempeyature indicatews (Wab}e xx).

 Observation

(1) Anomalous
   gamlet.

<2} Cubanite-
   ehaleopyrke
   intergrowth

(3) Sphaierite-

   ehaZeopyrite
   inteygrowth

(4) Pentiandite-

   pyvrhot}te

(5) I])rop-like

   bismuth

(6) Z}ow-quartziR
   skaifit reeks

(7) ?erielase-

   marble

          CEtABLE 12

Data foy geeXogie thermofttetry.

Example

Kotud6,
Naittei

N.QB.,
Ketud6

N.o.g.
E･OeB-
Kotud6
mine

KOB.
Kotud6

N･OiBe
Kotud6

Ketud6
NaikSnri

Ketud6
NanteE

  Phenomenon

Disappeayanee of
ikterfeyekce eolor

o£ garnet

Vnmixing ef a solid
solutien

VYnmixing of a solid
solution

Vnmixlng o£ a soiid
selutiolt

Meiting peint

Inversion

Dissoeiatioxx of

do!omite moiee"Ie

Temgeeraeure

    8eos

ea. 450e ?･

35e-46eo

high

271o

-573o

+80oo

  IRvesticrater
       b
ff. e. lyIerwin

         (I04)

G. gel. Sehwartz

      (I02, 103)
?･ XitTiidohr (94)

N. W. g'tter.cretr

          (45)

Vli' . K. Newheuse,

P. Ramdiehr (94)

P. RRmdghr (94)

lg6zwa, Ta"kafie &

ijmort
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    Itt s,hould be noted heye that the above phenome}ia, also depeitd

upon ttbe pyevailing pyessure. Seeipg frem the mineyal paragenesis
alld the data listed abeve, it rnay be, howevey, eoRcluded tkat tke im-

portant ixili3e}"sl depesits of the Suinii distyict were foymect at i'e}a--

tive}y higft tefiipeirat,uire. IIR eoltelesion t}'}e tirne re}ations iii t,he

metamoypkie pyoeess ef t･he Suiap distyict inay be summayizecl in
erdey ats trelloxx7s:

    (1> T- l-,e's"}.nal iiietayiiorphism of t･he co'ttnt℃y roel{s.

    (nvV> C"!zy･s,ta"i]izatioii aixl the £ormation o£

      ' vneta,"ieyphie niineyals by pneumatolysis.

    (:･:,') 7shkeax{?iluantaitoiftosl. o£ allhYdrOUS SilieateS g (p}lrometasomatism)

    (`S･) IEthe £ovmatioR oE hydrovis sMeates ai'id S '
        st-Elphide minerals.
    (5> ffydyothermal metasomat,ism anci vein-fovinatien.

    The kff,tze?"e of the ore-.fo7'7}zii2g hzez"d.-In the pyevious section

{ihe tr,fttnsfer of materiais fyom the magma into tke suyroiiiiding
sedhfiekts and the time-relatiolls of tke pyoeesses ef' mineralizillg

fiuid weye discussed. It now yemains fer us to eoixsider the'iiatuxG

of t･he fft-Ei'af alid i'ts behaviorr in the sedirneRts. ill cemiectien with

the ge}ieg.i.s o£ oye depeslts the £ollowing obseyvatieA obtaiRed iii t･he
field aiic:i ftt tke･ laboratory may be surnmarized.

    (1> [{]he eeinmen skawn minerals are frequently asseeiated with halogen
        a,ftd borate mi'nerals.
    <2> Tfte halogeiz minerals are seapoHte, fiuorite, phlogopite, minexals of

        humite .ewroup, ete.
    <P))} [i]he bo]rate and borosilieate iniRerals sue}i as kotoite, ludwigite, fiuobo-

        i'ite, szaibelyite, clatolit･e, tourmali"e, ete. axe fouRd in the contaet

        attyeole,
     c4) Copper-iron-bismuth sulphides together with gold ancl si}ver aye
        presen+..
     (5> The elose assoeiat･ion ef golcl with bismuth and tellurium minerals is

        a charaeteristie £eature oE the oves.
     (6> ffyclxous silieate niinerals wewe formed at latey sta.cre of the mineraliza-

        t･ iell.

     <7> [Vhe seyieitization o£ the wall yeclg of the golel-silvey veins is seen.

As te t,be me#e ef tyaBsfer it was bGlieved by V. M. Geldsehmidt(5g),

A. ]EIai'ker(63), W. Lindg'yen(80 and otkeys that the keavy metals
weye inirgdv;ce(l as halogei3i(iles. ']]he writey also eeftsiders that n payt

ef the heavy metallic elemepts was intyoduced as halogenides £rem
tke hift'ki･sive xnag'mas i}ite the earbonate roeks fovgRd in the eoRtnct

zone of the Suiaii distriet, beeause abuRdant eefttaet ixtkkerals like
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cheitcl.yodite, elinohumite, scapelite, ete., xKrh2ch ceRtain ftii al)},preciable

amotmt ef haloge}i elements, are feLmd in assoeiation vLrith maineyal

depos.its ef hig'h temperature t-ype. The problem o£ the mode of
traiisfey of s21iea, kewever, kas been mtieh di: cussed but not .yet £ully
solved. (ef. Bowen(42), lg:enney(50), Gratoll(59), Gyeig, Meywh3
Shepherd (6e>,' Kellnedy (74), Nigg"li (85, g6, 87), Sehmidt (99).

Aceei'diBg to Lindgren(7g, 79, 8b, V. wr. (];olsehmidt(5g), ilrgreed

(･126), et al>. The processes of skaynizatiei3 aiid metallization at･

t}ite igneotis eoRt･aet a.i'e thought iJ,o be t'ite scesult of t,he kityedue-

tion, chie to the rapid lowering oiff l}yessuye at t]te time o{r iRtrusion,

of eiy}aftat,ed volati}e eompenents int･o sedirnents fyoit? the sur-

faee o£ the intyusive magrv}a, wkieh eontained vo}atgles in lay.cre
quantities. But Sptiry(16g, le7) considered that gye--generating
solutioxxs, (gaseous oy aqueous) rie}} iii SiO:,, }]'eL}():;, Al:g:;,･,se}k,)hicles,

etc., whick eaitie itp fyem the cleepey zelles of iinagmatie diffetrent,ia-

tioii thyeggh fissures ey faults a£ter the solidlfieatloii o£ gutey part
ef magmtt, stipplied various materials into the sediineiits. Kike above

variatiens in proeesses may be dvie mainiy to di'fferenc.e in the
pkyslea} coltditlons at the time of eellsolidatien of the magma.

    Reeerkly the nature of the oye-ferinin.cr figid has been tke stibtrect

ef disegssion among many geelogises and petrologist,s sgch as
Bowell(42>, FeRney(50,5b, Graton(59), Iltgerseii nixg Morey
(67,68) anCl others. Alt}f}oggh no Lmankrneus epinioii has beeR
estab}ished, Boweft alld Fenner advoeated the theoyy t,hftt aeid gases

emanated f}"em tke magmatic liqkiid and played alt iniportaiit y61･e

eR the forxnation of ore-depesits. Aeeording to iiXeimev, gaseous

traRsfer of substanees fyoiin magma may t,a]<e place dtwgng the
eooligg precess, whlle, aeeording to Bow･eg gases may be expelle(l
by heiling fyem the volatile-higk residual peginatitie llggid at a latey

stage of the ma,ginatie aetivity. Tke phenemeiia have a}so beeit xvel}

Inteypyeted on the grou}id of physieo-ehemical prineiples by P. Niggli

(g5, g6) aRd W. Q. Kennedy(74). Aecerdi}i.ff to Niggli, the proeesses

ef skaynizatien aBd metallizatioR may be aseribed to the distillation

eaused by tke eyysta}lizatioR of re£yactoyy eempoiteRts hi the system

ef rx/tagxriatie solutioi3 eoltsisting o£ volatile aRd noii-veiatile er refrae-

toiiy substakces. The cteve}opmeRt of gyes-}t pressure iii the mag+ma

as a result of erystallizatien has a}so beeR noted by G. W. Morey(g2>,

Nig'gli (61, 85, 86, g7> an'd others. As in the case ef tke Suiaft
Intrusive eoxfiplex, ultCler less {leep-seated eendition wlr}eye tke outey
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pregsure of the magmatie system was lowe}' than tke iimer pressuxe,

the residua,l liquid of tlae erystallizing mag'mas mig.'ht have bollecl and

evelved aeid vapeui"s at the tellRpeyatgre of sQ-ealled secoild boili}ig

poiRt.

    Re.cr..ardiRg the sueeesslon of rriinexals, Nig'gll coiisideyed tkat, the

pheiiomeAen is simi}ar t,o tkat oecurriRg in clistil}atioii-ttibes, tkat

is to say, fractional clistillatio". Consequently various kincls of }ime-

silicates alld 6xides in the centae't auyeele may be produced fyom
sueh Clistil}ates,coiiiibining wit,h originRI substanees ef xvall recks.

<]}R the othey hand, a g'}"eateiv part oi" the sulphides foynked t,he lat･er

thaii the silicate and oxides, is pyobc"tbly precipkated frorn the eo}i-

densed liquid of t･he emanated gases, or dii'ectly fyeAi the yesidual

liquMs, whieh aye }]ok}yed kite the sediments. k] reg-ard to the mode

e£ transfei', ke eonsidered tkat the gyeater pai:ts e£ the oxicles and
sulphides are pyobnbly k'ansferrecl as vapeuy or gases svich as kalo-

genidies, bora,t･es, et･c. as a}!'eady eonsidered by V. iYI. Geldsehynidt

<5g), and kig,ersop anct Meyey(68). These vapouys ex gases are
eaught by the ekemically yeactive earbollate roeks and a pa}'t ef

these yemah3s in the eontaet-mhaerals xvith the expulsion of Ce,,.

After the pneumatolyZLic forvaation ef silicates, ftaetallizatieii of

various 'sulpkide ores takes plaee in the silieates fyem the w･ateyy

so}utiolls which represeiit the condensed part of t,he emaRate(l

gase$ or which cc"tme tip later £rom the hmer part ef the
yesidual magma. This explaRatien may well be applied to the
case of the oye-foymation in the Suiaia mining clistriet. As te the

chemieal eharaetey ef tke vapour phase from boi}iRg pegnaatitie
residgal liquid, gowen states that tke vapor formed by the boiling
may be aeidie, in tkiat it eontakis aR exeess oE IE{Cl, IE[{F, }IL,S, C(I)2,

}I3BOs }E[2S04 a･nd ethey eres er }ess velatile aeids. ffe eoflsidered

theyefore that elements in the gas weu}d be IEI[, (), CI, Si, F, S, g, K,,

Na, Fe, Ti, A}, together witk Sii, Pb, Cu, Zn, and a nuw}ber of others.

Furthermore, (liveet evidence of the gaseous traiisfey ef o}'e-fermlng

elei[neRts was also ebseyved by Zies (224) at Ka£mal. ･
    In the Sgia.ik distyict the pyyometasexnatie deposits ay･e chayaetey-

ized by the pyeseiiee of halegen-xnineya}s, borates, anhydyo"s }ime-

magnesiaft si}ieates aiid iroik oxides, and also by the assoeiatioi} ef

geld, bismuth, aRd telluvium wit･k some sulpkidesi, whi}e the meso-

'therma} yeplaeeme}3t depesits and veins ayG ekaraeteyized by t}3e oeeuy-

reiice o£ kydrous silientes and ziirc-lead sglphides aRd by the iiitellse
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  serieitizatioit of wall rocks. Fyolta these available fa£ts and abeve
  co]aside}"atiofts, lt seems that at･ Stiiaii the ery}anated fitiicls, which

 were prebably foyRied b}r tke beiling' of tke crystallizkig gk'altitic
  magm3s, we}de'e aci(.l w}iGll t}ite>, le'ft aitcl eontah]e{l e}e'gnents }I[, 0, Si,

  F, Cl, B, S, Te, Al, togethey with Cu, Ye, W, gi, IVEq Zn, Pb, Ag

  an(l Ati. 'lrhese aci(l vapogrs, whieh weye expelle(l through weal<
  zoiies, fa,Li}ts, e}' fissures iii 'the eotmtry yoeks, att.a,el<ed tke carbo"ate

  roeks neay t}ke centact anC{ fek'med spoyadically the imapoyt.aRt py}'o-

  n3etasematic gold--ceppe-i" deposits in them.

      As kas beeR cliE.eeu;ssed a,beve, it is possible that gases vkreye able

  te k'aiisfer Ro}i-ve}atile eompeRents k} the early meeasomatie stage,

  beeause the ainetme o£ borates ancl ha}ogen-bearing ininera,ls whieh
  reffiain in eountyy yeeks of t-he Stiian mineyal deposits, ft,re prebab}y

  suMcieiit ee aeeotmt for the gyeat quantity of suieh iiieyeduee(l svth-

  stanees as Si(]}L,, Alu}(i>:s, XL,(]>, Emd various iy}etallie elemeRts. iteeeiitky

  Feimey (51) has pointed eyit that boric acict, ene ef the most irvi-

  poxitaiit mineynllzexs in magmas, does ltot geiiera}}y £oym stable

  petrogeltic ?nineya,ls and that eke impok'taRt berate deposits e£ the
  world aye fomid only ofi the surfaee in }Rany vo}canie eiyegmstaRees.

  It ls, however, yema,yl<able tkat a gyeae qgantity of boyie aeid has

  remainecl in the metamerphosed dolomites o£ the Suian eoBtaet zene,

  as if the delomite aeted as bletting papey £oy the boyic aeid eolltained
  iR the ma,g-ev}atie ema,}iat-ions.

      Besides, it is infeyab}e that the emaBated fiuids were some£imes

  also rieh in xx7atey as in t･he ease o£ the Tra-v"ersella deposits dese}'ibed

  by W. Q. Kellnedy (74>, because hydrous silieate mhierals are
  Listiallv assoeiated witk skaria millerals ap.d ore-ynineyaXs of sgeh
  (leposits as the Nantei ores, ki sueh eases, these vLTaterly fikiSds, which

  were probably foTiTiecl by the boilkig, s"pposed}y exceedecl the eyiticai

  temperat.ure of water (not of the mag}iyiatie solution> immedia.tely

  aftey they kave eseaped froma the magma. 'l]keyefere they ceuld
  also transport a consideyab}e amotmt of of the non-volatile materials

,, as diseussed by Ing'erson(67>, Morey(68> and et}keys. Tkese gaseetis

  eRianatioiis, being "sually aeid, might have latey eoRdeRse5 and be-

  come alkalk"se liydrot}tewinal selutioias as n yesu}t o£ t}r}e nevitralisi}igt

  netien ef the wa}l roc}< sgbstanees. Conseqtieiitly, mest e'£ mi'nera,ls

  ef the inesothevmal deposits weye })wobah}y pyecipkated fyorri the
  con{IGns･e(l hydyet}3ermal solutioii. It is, howeve-{', coiksiC{ere(ff pyobable



       Geegogy aee(g M･irte･?diofixcetto?g oj t･gtg S'z"iec7z Pi$t7"ict, Wy6geee (Xbrea) 2g5

tha* seyzze ere-feywaing fiuids wez"e al$o geReyated frezgk t}ke residual

magxxkas in the }atest stage ef the magmatie activity. Ift eenc}asiog

it is genera}Ry snki that the ore--foyming ffuids skewed a}E stages

th'om tke pllexvvinte}ytie te the hydyet,hermal. It sheu}d be meRtioned

heye tkat gegct-bisy¥zuth-telltirium parage)kesis suggests that g+old may

kave beeii easiiy tyaRsported by the magdmatic emaRatiezzs in the

presenee ef bisxxxutk aitd tellLeritm3, as showll hy many examples

studied by sRek gitvestigatoys as BuisehendoT£ (46, 47>, ffljttenhain
 (66), iteuRing (96>, and Waryeii <X16, kZ7>.

    Spg,t･ts,E aist･rib2kion of D?'e-I)oa'ges.-It kas been gGiteya}ly

obseyved iii eviaemy minikg distyiets t,hat different types of eye deposits

aye zollally ax'ya]iged viritk ye£eyeiice to ehe ceRtral i.crReous becl}r.
It is suggestedi tkat tke change ki temperature aRd pTessuye, eut-

xxrard and upwagtd from the ignecus body, a seu}'ee of ore-forming

fiuid, has. affeete(l the c{epesitien o£ minerals. gt is also generally
held ehat the coppek' zoiie lies iteare}' the igneous mass than the

l･ead--zine zone. A}thoug}/i varietis l<inds o£ ore-bodies are fou･nd'
aroutnd the igrieevis eoynplex of the Suiaii distriet, pyyemetasomatie
                                          'clepesits ehftyactei-lzed by, the pyesenee of geld-eeppecr-sbismuth mine-

yals, are ..cr-.eReyally sitgated iR the immediate neighbeurhood of the

Suialt granite fts showii 2n Text--fig. 2 and PI. X]]LVI(I>, w-hile many

mesotheyma} (leposits are £ound at })}aees more distaRt from the
contact. SoTkke of the mesothermal deposits, however, oeeur in centact

"'ith the pyrepaetasornatie depesits as observed at the b6gan ltaine,

Nantei and at t･ke XVestewn ore-bedies of tke Kotud6 mine.

    'Ore deposies feuzzd oii the NW-ES fractuyect aitd fatt}t zones

xvhieh xtm near}y payalle! to the trend of the sedimellta]ry
yoel<s, are fiet zenally arrRiigecl to eox'yespond wlth the 'types

of oye (le})osEt,s. E)herefoire theye aye factors otkey than (Sistai)ee

from the igneetis bedy that have egi)trellecl ehe dlstyibueioit o£ ore-
bedies. As me}zt!oned in the earlier ehapter the ore depesits of the

Suian clistrtct weye llot forrued coneuyyently but stieees$ive}.v in

differeRe st,ages. As is eomm'oiily !<Rown, 't)he higl} teinperatui'ig

p.vrometasoy?ikatic clepesits ef the C{istriet weye fermed earlier thaik

the le･w t･empewatLire hydrotkerwaal deposits. Thi.is K raigkt be

possible that ev}aRy plaees wheye the eRrliey ere-depositioit took place

ae highey teiigkperatuye, weye repeatedly fraettiyed aRd mh}eyalized

by iater eye-foyming selutiolts. IR that ease the two types ef deposits
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would be £oundi together in the same place, as obseyved at Nawtei and
Ketvtd6. IR those eases the tinie faetor maust be maeye impertant

tkan £ke distanee frem the igneeus body gt mtist be also ceRsideyed
that the downward oy inwayd migratien ef the isetkerms xvas caused
by t}ke Ioss ef heat at tke eontaet dzrviiig tke eooling ef the iutr"deci

mag;na (Sehlleidesch5kn(16V>. Anethey impeytaRt faetoy tkat in-
fiueneed tke distribution of ore-bedies is tke xxature ef t,he hest y6cks

and local geelogie straetuyes. As ckk'beikate yeel<s are ehemically

xeaetive, tke go}d-coppe}r zeiie in dolemites er in }imestones is eoki-

ftned to tke neighbogrhoed of the eontaet surface of the Suian g-k'anite.

                        Ckapter VX

         LocAL BESCRXP:scgONS gF gMPeRrXANT
                   xig,xxNsRAL osposx grs

   , Tke eye deposits of tke Suian distyict inave beeR exploited ehlefiy

£or gold aRd eoppey bu£ silvev has al$o been obtaiRed. rlrhough

seheeli£e-deposits (see PI. IiLXXXV(XL>, Fig. 2) vyreye enee actively

proslpeeted Rear the Sekitaturi village, 2kxn. ftorth-west, o£ the
IKot"d6 depesits duriiag thG peyiod ef tke first Woi'icl Way, they
were abax}doiied later. As molyb(lenite occuys ki layge cluantities in

tke Nalltei mine, the millera} has xecently been miiied.

    Hzlstoo'y of m'ines.-The S"iaft mining clistyiet has long been

£amous for g'eld-preduetien in [I]y6seii. ki foymey da}'s the golc{
mining was cayyied oii by the e}d yoyal family ef Ty6sen. Although

T. Yaniaguti, a Japanese, obtahi-ed tke yig'ht to mine tine minerais

in 19el, it i?tras again yeturned te the eld royal famiiy. 'In 2905 the

eencession was forma}Iy gyanted to A. L. ?earse, all Eng'}ishinan,
who assigRed his yigkts t･e tke Kloreaii Sy"dieate of I,enclon. The

nex't yeay the Suian eoneessien was granted to the tripartite eom-
bii3atieri of the Kloyeaii Syndieate (Britlsh cembkiatlei" , Cellbran aRd

BostvLrick (aii Ameyieaii fiym) and Mksui & CompaR.xr (a Japallese

twm). A£ter the prospeeting ef･tke minlng area the JapaBe$e gyoup
wkhdrew and tke coiieessioR was operated by the otheys. Aftey
two yeays ef dissapoiRting yesults the KoreaR Syndieate gave the
waiRiRg rights to Cellbran altd Bostwiek who oyganized the Se6uE

Mhiing CompaRy in re90g. IR the beginning actual work was done by
them at Kottid6 (}Io} IKol) and the mine wns cailed tke "Stinn mi}3e"
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£or the £e}Iewiiig several y･ears. During" the prosli)erotis l>eriocl of
the "Suan mkie," pyospectii3g vi7as aetiveiy cayried[ on b.v, the eoftapaiiy.

Then })yemisin.cr deposits weye discovGrecl neay the viilage o£ Naikei
(Tgl Mi Cktmg>. The Naiitei mine (Tul Mi Chu}ig mine) was
epeRecl in k913 a23cl elesed ki 1925. Later tkis iniike was reopenecl

by Yk'aser aiicl geolks. Again the pyepeyty was seld te the Nippoll

Mining Compa}iy]), the iinine "Suaii mine" eif Suian mine"L') was

appliect to the "Tul Mi Chtmg mine". 8}i the 6ther hancl, the old

"SLmii Mine" }oeated at Kotucl6 (Hol Kol>} was onee elesed aixl
then reepened by [Koyeans dziyiiig the years 1921-1932. ki 1932 the

propGyty was transfeyifed to the present owner (the IIi61<6 Mining
Coinpaiiy,:'>) aiid is new ealled the Kotud6 (}E{ol Kel) mine'"). TheTe

are maRy etker small rlth3es and prospects in the distriets whieh aye

showll on the geological map (PIate XLVI(I>).

   (a) Tke KfiggkgS twis}e (the wwol KoE xxxifxe esif $ke oee Suaxig twgwae)

     (Plate XLVZX(K), Plate L(V> geig. X, aftd 7"extsfig. 21 aitd Z2)

    T:he Ketud6 mine is situated in the noythemi part of the clis-

trict where the thiek clolomite beds of the Sid6ga seyles were
iktensely iv}etamorphosed by the iiatrusioias of granitie magmas.

Tke IE<otud6 granite is exposed along the E-XV ridge sepRrating the

IKotud6 and Saziyi val}eys. The Kotud6 valley is the merkliona] oiie

aloRg vgrhieh a small town has been dleveloped. rl['he niajoi' igneous

coRtact l･ies at 2the northern sicle of the E-W e'idge ai"icl the disk'Ibu-

tioii of doleiiRltes aRd argillites is bomaclecl by the,meyidbonal clip

fau}t ealled the "Kotud6 fauk". Tke sliekeii-side ox" this fault ls

well exposecl, clipping 550-600 to the east iia the open-eut of the

western oire-bocly. The ores iEound in this fault zoRe h,"ive been
almost entire}y stopecl otit. As will be nientionecl later, g'enetieally two

Cliffereftt types eE eres aye rec6gnizeCl in this mk3iRg area. In the

northeyn strip of the Easteyn ore-bocly a"L' tlae llffain aclit level aiicl ii3

the Northern ore-bocly of the xx,'estern zone, golc{-coppey oye.q. ai'e now

mmed by the }{I6k6 Minhig Company. r./"he £orms of t}}ese o}'e-boclles
aye iyregula}" but geneyally reughly tabulay n}id parallel to the eoi'itaet

and fauit zoiies.

  1) RAsS:#zzik13.?', it 2) ,sgtdeeepl; 3) sstilzeeeeptliiX･E･;,ffif: 4) Ziifajec#fii;
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<1> Th-e scaste?"n oTe-bocZies.i)

    A garxxet zone 3-6m. ki vL7idth and a lime-inagiiesian silicate
raeite, which wrras en.lled "SchisY' by t･he mkieys, are developed Ai

tite area between the East6va oye-bodies aiid the intrusive recl<s.
'"I]he zene next te the "Schist" is tke skarn zone, called "Ore-forma-
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    ptnc/t/s eloicJ n:ire L/ Lvtitulglre oree

    rrig. k2. Cyoss seetion e£ the Xotud6 mine. The po$itiGn of #he b<;-S seetien
 is shown ott PE. XilsVIE (II), 1ine C-Cf.

tioR", ceiisistlng rnain}y of diepside, tyery}ekSte, phlogopite and ore-

miReyals. The wall yeeks of tke "ere-foymatioR" a.re forsterit･e-
dolomite--mayble and eeeasioita}ly l<otoite-marble oy kudwigite-beaying
            eemayble. . .-. .,.. ....., /.. ,/ .,.
                         'tt        tt tt t t                    ttt                 ･l   2> pteeee
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(2> The Weste?L7z e?'e-boclies.ll->

    Sepayated by several fault-zeiies fyoxifi the Easee-i ore-bedies,

the mineyalized axea ("}ifformation") of Westewit ok'e-bodies is

(levelepe(l aloRg the fault pianes whieh rtm rneridieRalEy £rom
Kotucl6 te Sekitat･uri and dip tow･ard the ease about 660. The ores
iR the VlresterR ere-bodles may be classect iRto txxro g}"otips; (1> pyye-

metasomatie ores <garnet ores) anct '(2) mesotheymal eres. The lattey

type is ttsually feund i}i. breeeiated clelomite alld consists mainly e£
ckaleepyinSte, tetyahe(Srite, sphalerite, galena, while t}ie formey is

ekaraet.eyized by tk}e pyeseikee of ehaleopyyite, bismu£}}inite, tetra-
dymite alld geld.

(3> The Nerthe7v･?z ore-bod･y'L) (Nezv O?'e-body>.

    'Tke Nortkern oye-bedy whieh xvas diseoveyect by Koreans in

1924 shows very styiking £eat･uwes and is pipe-}ike in £oym ({lrext･-
fig. g>. The rnineralogieal featuyes ef this depos{t are very eomplex.

The wall rock of tkis ere-bedy is white feysteyite-doEomite-mayble.

Tke pipe-like body eeiksists o£ keteite-marble wkich ekxeloses skarn
masses eoiisisting ef dipeside, eliRohumite, etc. Biack streaks ef
dlssemlnated lgdvgTigite ba}3ds in the ketoite-inayble s}iow the origiiial

plane e£ strratMcatien. The pla}ie dips 550-6eO towards the east
with the st℃ike running E-W. The ore is very 6omplex in
mineralogical eemposition and consists o£ pyrke, pyyrhetite, eubaiiite,
chalcopyrite, bornlte, bismuth-eoppey-sulphosalts, gold and silver.

    The aveyage eempositieii of ores from g5eO samp}es taken frem

E.O.B. aird W.O.B. by miAeys by aRalysis was determeinect as showii

in Table !2 (Weigal} aiid iY[itche}l--Robeyts (31)).

'

 Silieeeus insoinble yesidue

       Bl
       Fe
       Cn
       As
       Al.e-
       Au- "

    Sexr･eral apalyses o£
also g'ive}i below.

    rl]A.Bm 22

73.7o% cao
 o.o7s Mgo
 2.70 S e.g2 p.ov              -o traee COo
 2.98 £ess undet,.
 kdwt. per ton. Ag ,

the typlcal oxes £rom the

  4.oe%
 10.i5
  1.60
  e.o2
  e.e2
  2.92
  O.6 ez. per ton

Kotucta mine are

2> uteeee 2) #inexee (Xtwee, 3i: Sit Ek fuljL'ee wa)
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Amaly$es of ewes fyem the Kotedb mine.

 A
k52

36.68 (l?

 7.85

28.32

 5' .27

12.59

 O.67

 e.OO

  tr.

 0.22

 O.62

 B
2eo

23.66 (/,

 2.48

18.28

Z2.89

9,55

lo.es

o.ee

 tr.
 ij.72

le.13

 e
202

18.75"

 193
 8.86

13.18

16.50

I P, ,73

 o.eo

 tr.

 3s67

l6.87

D
256

3{7.98`i"c･

 283
Z9.11

23.73

 1.38

 1.e5

 o.eo

 O.19

 o.le

 O.55

E

46.95 {,i･

 2.57

19.43

23 .3 3.,

 1.72

 1.92

e.oo

 O.25

 e.21

 1.29

' Tetal 90.22 87.76 93.49 86.92 97.67

     Spee. No. 200 202 257
      Att th o.ge3s6 o.ou7 o.oo3ss e.oo21o
      A.pt ww O.O0533 O.e1726 O.OI042 O.O0461
        A. GOId oye (garnet sl<ayn), No. IL. Western oye-body.

        B, Gold-eoppe℃-bismuth ove (diopside skaTn), No. IL., East-
           e,rn ere-body.
        C. Gold-eoppeTr-bispnuth ore (diopsicle sl<aTn> No. IL., East-

           eyn ore-bedy.
        I]}. Goldi-eopper ore <diopside skaxB> No. 3L., NertherR ore-

           body.
        E. Geld oye (diopside skarn).
        A-:. Analyses made in t･he Fue} and Ore Dressing Labora-

           tory, Gov. o£ TyeAsen through eouxtesy e£ late Mr. B.
           Kagaya.

 (h) Xihe Sxkiawa mine (tke Naifk$eg xxkigxe ew she r:iExX M2 Ckwtwkg wtgwae)Z}

    Wke SuiaR mine, whiek kas a}so been knewn as the Nantei-miRe,

2s situated ixt the soutk-q""rester}i part o£ the eontaet zone e£ the Suiaft

gyanite and is new owRed by the NippoR ]Y[ining Company.
    Topagraphy and }eca} geelogy.-The mining ayea is situated iit
tke llertheyn paxt of the Nniitei village at the feot of tke south-westerR

   K) -ts{gE}eeISg (thi5;tt.itwiil)
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slope o£ the Gensinsan rnass. Whe nort,k-eastern pawt of the mapped
Nantei aTea (?l. XLVIII(III)) is geneyally elevated nnd eontaing
biot-ite-horRfeis and eruptive mftsses. :Erhe maiii eontact of the Suiail

granite wkh t,he heyn£els yuiis })ayal}el toethe geneyag treRd of yoeks.
Vndeylying tke hernfels, byucite-marble a}id do}emiee-maayble ai"e ex-

pesed, with ks general strike rutnning NW-SE aiid gts (lip xvith low-

angle towageds the NE, aiiCl awe loeally replaee(l by sl<ayn ap-{l oye-

mi#erals. The general trend of the geo}egie struetugee is clistuybecl

by rriinoy intyusions such as quartz-poyphyry, graRite-porphyyy,
quartz-dieyites axxd Rlso by mapy faules iR the celttyag payt ef the

mining ayea.

    en the basis of the distribvttioii o£ t.ke ere-bodies, t}ie
places, where the Tnkies are woyked, are subdivided kite thyee
grogps: (X) MiRami-K6 (South minei>), (2) Xita-K6 (North
mine2)> and (3> b6gaR mk3e (Teng Am inine3>), Tke e}kayaetGyistie

featuyes o£ oye-bodies in this mine diff6y grea£ly £scom those ef the
Ketgd6 ore-bedies. The non-poyphyyitie and somewkae basie intyu-
sives which iwewe ea}led the "Weiga,l} granite" by the vaineys a]3(l

eallec;' "(luaxtz-(Sioyite" in this yepoyt ai3d the Nantei quamtz-porpbyry

aR{i{ gyanite-poyphyry, playect an impewtant rele in the deposltioii o£
the oyes, A large llumbey of ore-bgdies awe found xxeaw these intyusive

masses. Sometlmes ore-bodies eeeupy the bettnctewy zokke be£w･een
heynfels aiid inavb}e. The loeation and £erms of eye-bedies xveye e('m-
tTolledi by the geolegie strticture aitd mally important ore-bodies are
r"
oLmd alellg the £aults ey shear zenes.

I) MiNa7nabK6 (So･?Lth mine).

    Tke oyes have beeii fetmd in thyee sepaya£e bodies: "A" oye-
bedy, "B" eye-body, and "l4Q" eve-bedy. "A" ere-body is fotm(l
lii the sheayect zoite ef quaytz-diorke and coiisists of pyyite ancl

ehalcepyyite oyes nnd skarfi iniiiera}s. rrhe £oriyi is veyy iryegulay
a･nd is often pelletrated by latey caleite-veins. "B" e.g. is t,he

largest ere-body in this zy}ine, its maximum xKTid£h being abotit 3e m.

[lrhe ore miRerals are tis"a}Ry assoeiated wi£h tke salite-n}idyadke

skarn nnd aye alse fognd in streaks eny pa£ehes in tke slightly
a}tered xnaxble wkieh eollsists of bluish ov dari< gsceylsh ealeite all(l,

serpefltine. FIrhe ore-boafy ki 26 J o£ No. I X.C.T. is entiye}y suT-
rogitded by the limestoite, its tye2k5 being neaecly vayalleX to t･ke

  1) wta 2) #icrt 3) e5kG'-Eijt
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loeal N-S fault zene. The ores are eompesed o£ pyyite, pyrrhetite,
arsenepyrite, IOIIingite, bismtithipite, tetra･dymite, sphaleyite, galena,

and go}d. Garllet(Emdradite) and salite aye the most abundant
ga,llgue mainewals feuftd ki these eyes. rlrhese sl<ayn xnasses often

beenyyie epidet,e-zoisite roc}<s whie}} have bee}i yeplReed by ekal-

eepyyite, pytrite, pyrrhotite, ete. Sok[ne hyclrotheyry}al veins consist--

iRg o'x" g"aleiia, ealeite aii(l quarez, aye a}so feLme{ ilt fissuye zoiies Reay

the eeiit･aet. [Vhe veiik-type (lep6sits aye cleayly youngey thaft the

skayn t}rpe because t.he latter is penetyaeecl by the former.

i" KVitia-K6 (Afe･7'ith ･nziw.e).

    }l[eye the qutayt･z-diovite ls dividecl ki'to sixtall }inasses in whick

irregularly shaped ore-bodies are fognd. The eoiitaet miReyals
tegethey with $u}phide eres are a}so cleposited ik t･he byucite-

marble Lmderlykig the flatly d2}]ping eruptives. As a result
ef yepeated fa.uk･kig aifter the ferma,tion of the oi'e-bodies t,heir

erigina} ferm has beeome laygely ebseuwe. Pyroxene (diopside) is
tke iRest impertant ga･ngtie altd ocegrs with seypentine, zoisite,

choyite, quartz and ealcite. The outey wall of the skarn ore--bodles

is compesed of serpentine-caleitG marble (ephlealclte). [l]he metallle

mikera}s yesemb}e those of the Mkiami-K6.

iii> D6gan--K5 (Te?zg Atm mi?ze).

    rl)kis mine is situa£ed at a- distaRee of about- 86e meteys from
the Kita--IK6. The ere--bodies }ie in the bouiida,yy zene between the

impervious horn£e}s ancl chemical}y reaetive marb}e. rl]he boenclary
plaxxe is neax}y horizonta}, dlpphig fiatly towards the noyth. The

mineyalegieal compesition e£ the eyes differs somewhat fx"om that
ef the eres kt the Minami-K6 a,iid Xita-K6 and payagenesis shows

tltat deposSts vi]eye foymed at a yelatively low tempe℃"ftttn'e. Th6
typieal ore ef this t-ype ceRtaims galefta, sphalerite, ehttlcopyyite

alld eecasiozzally melybdenite t-ogethei' with gold. ReeeRtly sl<a.yn

oyes have beelt £etmd near the eorkaet ef t'ke Naittei quartz-poyl]kyry
ancl a}se along felsite-dykes.

    Afialyses 6f ores fyem the Na}itei inine aye shovvi} hi Wab}e 24.

                       (e) Gey6 maigxei}

    Whe Ggy6 rv}ine, tke preperey ef the T6y6 Waktisyoku Co., is

loeated 5 X<ilometers sogth-enst o£ Naittei, This property was dis--

   2) *R･waeept
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eovered compayatively reeeBtly. Tke country rocks at the inine are

maiiily argillaceous phyMtie oy slaty rocks whieh aye llow theymally

wtetameyphosed, hewevey, into biotite-horitfelses or sehist-s. The
spotted biotite--hovnfels, and calcayeous yeeks are a}so developed. A

sek'ies e£ £ouy parallel veins, which treftds N 28e E. alld dips almost

KiABLE Xg

Awalyses of eeres from the Nancei mine

(A£tey Weigali and Miekei-Re.bme# (3X) >.

Insol- . e e e ts e s e o

Sie?e - tr " e . # o - e

Fe rp i - e - s . e e b

A1203 --e th eee-e
(];" =OMe"ees or #
Cae .es--.ne-
Mge .........
S "eeb re ee"e#
Bi -eeeg-e--e
Pb ･e- th -e-`･･
A$ ..........
Zn edo-"-s""s
COO .e"-s-b-e#
Undet. e . - - s e o e

Xitsoi.

SieL] D" in -oet¢e th
Al2e:s u e e # # m e g e

Bie20:l e ts eeeqeea
CaO e-h-"e te - de u

MgO ebs-eus･･
AII<aii rp .see-e-s

  A
57.17%

 O.07 (soX.)

 4e90
 2.15

 z#g
22.27

 4.40

 2.15

 e.12

10.16

 4.83

loo.eo

37.84

2.23

5.59

7.26

2.89

1.06

5{7.17

  g

  %
67.e7

 7.45

 O.69

 ke18

10.76

 1.43

 l.76

 e.11

e.os

O.37

e.36

91.23

veytieally was feund ki the fLssuyes alerig the e}eavage piaiies of the

hor}rfels. Clese to t}te ere-vekis t,}ite yeek is itr}ueh alte'yeCl by serieitiza-･

tiolt aiid iyyipyegRateCI with pyyit,e. 'llrhe eTe minG}.-.'aks are pyrite,

pyryhotite, c}taleopyrite, sphalerite, avseRepyyite, g`aleRa, and gold,

aRd are asseeiated wit/h gangue mineyals $tieh as qtiaytz, sideriee and

serieite.
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                         Ckgvtesc VXX

                          SWMMARY

    Tke SuiaR mining distyiet ll6s in the eentral part of Ty6seB.
{[the (loxr}i:aitt geologie ji.eatutxe of the dist-yiet is the igneous coiinplex

whieh yepresents tke stocl<-lil<e intyusion o£ graiiitic magmas in the
late-Me.r.ezeie era. As a yesult of the igneous kwasiorts a seyies of

ok=e (lelJ)esits was foz;med cluring the later stag6 ef the igikeous aetlvi-

t･ies iiea.r £he graRk-ie roeks.

    Tke grea,tey payt of the $eclimentayy and metamerphic roel<s

o£ the Sugaik distyiet were fermecl before the majer granitie int･yge-
siens. Tkey yange in age from Aychea'n to Pkaotek'ozoic. The
Preteyezoie recks (SySgeii system) aTe eorvxposed xnainly of dolomite,

limGst.o}ie,, slate, phyllite ancl quay£zite and eovey the Arekean
gneisses <Koku}ian gyanites ey Gyey-gneis$es> zmeo"forinably. IR
paytickilar, the sedimentayy roeks were fo}ded altd thrtisted by alt

orgeiie}iie w¥iovement during the peyiocl of the Taih6 phase (post

lowe}`-geald6 seyies-pxe upper-Cretaeeous).

    AfteT' this movement pyobably ctuyiRg tke period o£ the Bukkekuzi
igneotis activity gyaiiitic magnaas invaded t･he sedimentayy area, mider

roef-recks whleh foymed a layer of moderate ehiekiiess. The gyanitie

bedies ctit aeross the trend of the folds o£ the sediment at the seuithern
aml wgsSemi eollt･aet, wkile the yeof x'ocks dip away fyem the int･yu$ive

roel<s kiL t'he ot,her parts.

    Tke granitic mass is a eomposite stoek aRd eonsists makily o£
two differe}kt types o£ granitie yeeks. The maiR gyanitie yoek, the
Suiait gyaRite, whieh is fotmd in the peyipheya} povtion of the stoek,

represeiits t-ne poyphyyitic granodiorite. The k"eek is composed ef
plagiec}a,es.e, erthoelase, quak'tz, herllbleitcte, and bietite aitd ls char-

aeteyized by the preseiice of large ovoids of mieroperthitie oythoelase

whieh aye ecca,sioRally mant-led wit}k plagioclase. Its eexture ye-
seml}les that of pyterlite oif Rapakivi granite 2n gein}a,nd. This
peripkeral roek is pieyced by the latew graiiite-poyphyry, the

]}Iitiseidai granite, "Thieh is nie}'e aeid thaii the £ormer. iFtirthey-
more, a lnrge mimber of ininey intrusives, aplite, quartz-porp}ityry,
ete. aye developecl iii the area, btit ne typicak pegmatite has been

fotmd. As a･ yesglt o£ mngma･tic heat nxxd of mateyia} strpply £rom
the magRias, various l"teyesting met-amewphic and metasomatie rocks

have heell foymed in t-h6 contnct auveo}e.
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    rlJihe ere {f{epesits of this (ilistriet are uisually sltuated iii the

area a(lj'acei# to the Suiaik illtrusives, espeeiall}r ixx the ai'ea xvheye

the earbei3ate rocks eoxne iik contaet wkh the igfieous roeks. The
priAeipal ore deposits eontain go}(l, cepper altcl bjsmLith. They may

be genetieally divided into three groups; (Z) pyrometasomatie
deposits (high--temperattrve type>, (2> mesotheizmal replaeement
depesits (moderate-temaperature type>, aiid (3) mesothermai veins
(Tiiodeyate-temaperature type).

    (Z> The pyrometasomatic diepesits coiistitute tine niost pre-
dorninant ere depepits iR the disk'ict. They aye eommeiil.x,T fouiid near

the eontact of the S"iaii gwaniee. The ere-bodies are vey.v irregular･

iR fGyrn, eonsistilig ef linie--magiiesiaii-silieate g'ang'ue iiniRerals (skamx

minerals>, eopper-bisrcgth sei}phides anct gold. T}ie gkteatey payt of

the gold and eopper prodtiction of the SuiaR ft?iniRg district kas come

fyeiy} eye-bodies o£ this type. Iii some pyyometasomatic depesits,
borrate mineyals, sueh as ketoite, ludwigite, ete., are a}xmdaiitly foti}ad

as gangtie minerals. The mineral payagenesis of the })yrometasomatle

depesits indicate that- the}r were xmdoubtedly £ermed at high tem-
peloattlye.

    (2) MesothGrmal rep?aeemeftt- deposits are the next important
type in this distriet. IIihey are eoTr}Rionly found in the do}oiinite neay

the pyrometasomatic deposits aRd are usytally situated' & Xttle farther
awa}r fyom tke eoRtaet. rVetrahedrite-sphaleyite-glialena associatioii is

ehavacteyistic in these deposits. ' '
    (3) The veins in this district are mai}ily g'o}cl-slgve}' quartz

veins, and shew many of the characteristic featui'es cf the i[neso-

'theymal deposits. T"itey are usua}ly £ekmd in slaty er ph>rllitle yocl<s.
    It kas beeR pointed out that most･ of the pyyometasgmatie clepesits

of the Saxian ctistrEct are }oeatedi nearer the Sgiaii grawite than the

mesothermal deposits. However, the zoltal arraiigemeiit ef different

kinds oif ore-bodies vvTlth ye£ereiice to a eeRtya･l igiieous mass is not
typicaliy yepyesented in this distyiet, probably because the mkie}saliza-

tions weye sueeessive iR the same places. It is also purobable that the

infiuenee of the geologie strueeRTe and tke eharacter of the host･ roeks

were likGwise impertant eontyibuting facters te the pveseitt spatial
dist,ifibtit･ioft ef ere-bodies.
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The geolog.'ical

   lines. A-A'

        ?Xate XLVXX (Xk)

slceteh map of the Kotucla" mine.

altd B-B' are shown [I]ext-fig. 11

aloiigy lige C-C' is shown Wext-fi

 Cross seetions aloRg

 and eros$ seet･ion

g: 12.
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                p2nte xLvxn (xxx)

T}ie geologieal map o£ the Na'ntei mine. Cyoss seetions of the isometx'ie

    blocl< diag'℃ains (Plate XLIXi(IV)) aye indieate(l by lines:

           A-A', B-Bt, C-C,, D-D,, E-F, F-Ft.
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                   ¥Xaxge

isometrie bloclsc diagram e£ the

      The suyfaee 'geoiogy is

XLXX (XV)

Nantei mine. Suian, Tyasei}

showft on Plate XLVIII<III>.
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Fig.
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geigdi.

1
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3
.

                      gekate L(V> . ,

View looking south up the KotadG va}Iey tbwards the summit (G>
the Gen$in-San. rc: Easteyix open-eue, W: Western opeft-eut,
Kotud6 ffault.

eRterop eff the eontaet-metamorphosed Kotud6 doleinite shewing

charaetexistie bEmdied stwueture. anoe. rcast o£ Tenzi.

Minow foldings e£ the silieeous Sttiafi slate neaw Seki£ntttri,

 eS

F:

t･he
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Ii"ig/'.

Wibcr'

Ng.

Ii'ls,:

1.

2
s

3
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                          '

                      ?gace Lff (Vg)

Cliff-face o£ the Tyol<ken limestone, showing the eharaeteristies miftor
folding developed by se}eet･ive wentheriR.cr. The layeys of $ilieeous pavts

stand iii Telie£ above the ealcareous bands. Near Nantei mill.

The Tyo}<ken miea-schist, shewlng,' the eliayaeteristle hrterca2ation o£
quartzose layers. NeaT Syas6-ri.

CoUeoi'ia Iimestone of Sid6gfu seyies ori the eastern widg'e o£ the Kotud6

Biotite-hornfels (blaek> c'ot by the Nantei quartz-porphyry. On the

surfaee o£ the Nantei mine. .
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Siig.

Siig.

Fig.

Fig.

                       pxgtev Lxg(vxx)

l. XVeatherect sur£aee o£ the Suian granite having iarge unmantled ovoids
   of mieropertbitic orthoelase, which ,projeet in reiief above the matrix.
   Note the oeeurrence ef uroundecl basie, inelusions. Near the Nantei mi"e.

2. Photomierogyaph of thin section of the Suiaii gra"ite No. S. 119>.
   Euhedral or eorroded quaxtz (q) is eemeRtecl by aRhedwal ovthoelas (Oy>

   One nieol. ×7.
3. Ditto, showiiig sttbhedral plagioelase (pl> with fine zonal structure.

   Cressed nieols. ×7,

4. Photomiexogxaph of polished sectlon o£ the Suian granite, showing the
   oceuxrenee of euhedral inagnetite (mg> and anhedral ilipenite (il>. Note

   the beg'kming of maytitizatien in magnet･ite. Oil-immtrsioR. x230.



Jour. IiJSae, Sei. ffokkaid6 hnp. Vniv., SeT. XV, Vol. VI, Nos. 3-4. ?l. LII (VII).
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T. Wcttanabe: (l)!eoiogy cenc? M27teTaZi.v.atio7? oi the Siticoi Disti'ict.
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Fi.cr. 2.

Il'ig. 2.

                   Plage ZXXE (VXXX)

IF'olishecl speeimelt o£ the Suian granite showing' the typieal ``Rapakivi"
texture. Mantled ovoi'cl of inievope'rthite (Or> iReludes poikilitic
crystals of quartz, plagioclase an(l mafie inineyals, Rapakivi maiitie
(A) consists essentially oE pla.ffioelase (olig'oc3ase). Natuiial size. Loe.

Gc}3sinsaR.

Fhotomierrog'xaph o£ mantled oveicl of orthoclase (niiei'opevthite>, show-
ing t･lte details o'f "iantling zone. Microperthite (Or) is eneroaehed }'}y

z'esorption an(l 'margined by ,a zone of slightly zoned oligoelase-prisms
(Pl) in paral}el to ts'ub-pai'allel oyieptatiofi. [I]he cyystal$ eF, olig'oelase

are usually euheclyal agrtainst itnadiwix. [l]he mant･led ovoid (Or) also

contains idiomoyphic or rounded qua}'tz grains together with the

ehavaeterlstie graiRs o£ "aussenkonl<avem" quaTtz (qe) grains as
descTibed by Popoff>. Pl, plag'ioclase; q, quart,z; Or, mieyo})ert･hite.

Cxossed nieols. ×8. Loe, Dit･to.
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T. }Yatanccbe: Geology ancl Miozei'ali.nyatio72 of t7te S7{ico?･ Di,st'rict,
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geig.

Fig:,

rvig.

1
.

2.

3
.

                    plece Lxv (xx)

SurSace o£ the llitiseidai gyanite (ffG) with sehliereR-like inelusiolls

o£ eoarse ,grained gyanitie roek (SG> which belongs probably to the
Suiall gyauke, Loe. Northeast of the Nantei mine.

Polisheci speeimeR showing the eontaet relation of the fine-grainecl
gtraiiite (ffitiseidai granite) te the eoarse-grained Suian granite.
Nat"ral size. Lee. bitto.

Photomierogxaph o£ thin seetion showing the texture of eoiitaet part
of the Kitiseidai .ewranite (le£t) ancl the Suian granite (TighO Crossed
nieols. x75.



Joww. Wae. Sci. Hokkaid6 Irnp. Univ., Sey. IV, Vol. VI, Nos. 3-4.
Yl. X,IV (IX).
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T, Watancrbee Geology a7zdi Mineragigat2'on of the Suiqn Dist7oict,
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Fig'.

F2g'.

B'ig,.

Fis,.

1.

2.

3.

-A.=L

                     PXa£e MV (X)

            (Photomle]rog'i`aphs of th5ft seetions>

Quartz-povph>rry neav the Rakken villag.e . q, c.{ucartz; pl,

bi, biotite. Cross'ecl nicols. ×9.
Gi'anlte-peyphy'f'>r, ".ear tlte Raklgen village, or, orthoclase;

elase; q, quaiitz. Cyossed nice}s. ×10.5.
Nant,ei quartz-poyphyvy xKTit,h large phenocyysts of <tuartz (q>

elase (pl>. Crossed nlcol$. ×7. ･
Quart･z-porphyry o£ the Saziri-type. Note t,hat blotlte
chloyite. q, qwaTtz; eh, chlorite. One Rieol. ×64.

plafgrioelase;

 l]l. plag.io-

 aRd plagio-

has beeaine
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Fig.

Fig.

I]iig.

Fig.

                       gegece Lvx (xx)

                                 [.               (Photomierographs og thin seetions>

k. Nantei quartz-dSorite, sur£aee o£ the Mii}ami-k6 (the South mine),
   Nantel. q, quartz; p}. p}agioelase; bi, biotite, Crossed nieols. ×8.
2. Diopside bearing quaTtz-diorite, a dyke Rear the D6gan village. di,

   d'iopside; white part, plagioelase a-nd quai'tz, One Rieol. ×64.
3. Felsite, west of the Sazivi valley, Note the oeeuyrenee of a eorrodecl
   cluaTtz ts) in a xrery fi'ne-graiRed felsitic grounclniass. Crossecl nieels.

   X70.

4. 01ivine-basalt, Saziri valkey. In the figure euhedral phenoerysts o£
   olivine (upper) and titanaugite (lewex') are seen. The gwoundmass
   consists ef Iatli-shaped plagioelase, titanifereus augite ancl inagnetite.

   One nicol. ×64.
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PXnte LVXX (XXX)

Fig. 1. Phetomierograph of metadolerite. Note the cievelopment of uralitie
       aniphibo]e t-hvous,hout the xoel<. The matxix eonsists essentiaily of sodie

       plag'ioelase,(albite). Crossed nieels. ×17,

Fig. 2. Photomicyograph o£ eonthct-metamorphosed metadolerite. Near the
       Keisyal{ol<u prospeet. [I]he uwalitle ampliibole ancl albite ciisappeared
       and cliopsidic pyvoxene(di>, biotite(bi> allcl basie plagioelase (labxado-
       rite, pl) tool< their plaee. Cempare its tgKtk,y..bee with that of fig'. 1. 0ne

       nieol. ×33. '"".                        tt tt                        .. .. .. ./1/Fig'. 3. Po]ished speeimen' showiHg the eontaet of the 'Suian g`ranite with }iorn-

       fels. On the surface o£ the Nantei ntine. Lit-paT-Iit injeetion of the

       gvanitie materia} into the hox'n£els is shown. Natuyal size.
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Yig.

Yi g'.

Yig.

1
.

2.

3
.

                  gegktw LvKKx (xgxE)
                                                 '
Speeimen from the Nantei inine, showing that angular salite-skam
masses (Sk> are intrudecl by aplitie granite. NatuTal size.

Pollshed slab o£ the Suian granite with abunda'nt angulay xenoliths oS
diopside skarn (di). Ligh't-eo}oxed diops2de skarn surrounded by a

iftaarfftOe):.. ZONt2tg£raSasY}zelrOii-rieh diePs{de- Loc}-3e m llevel, south mine,

Pliotomierograph of thiR seetion of the eontact of the Suian granite
(right) with the xe"olithie skarn (left). Mierographie intergwowtii

o£ quavtz and orthoclase is well shown. di, diopside; ow, erthoelase;
a'nd q, quartz. Crossed nieols. ×8.



3ouy. XiSae, Sci. II{Iol<kaid6 Imp. Ui3iv., Ser. IV, Vo}, VI, Nos. 3-4.
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T. IVatanabe: Geoloyy ai?d Mi7?eralz,?ation of the S2{ian Disto'ict.
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IJ'ig.

Yig･

geig'.

Ii'ig.

                      PXase MXX(XXV)

               (Photomieregraphs o£ ehin seetions>

1. Andalusite-mica--sehist from the Goy6 mine. acl, andalusite exxt neaTly

   perpendieulav to e-axis; m, rnuseovite; bi, bietite. One nieol. '×64.
2. Andalusite-hovnfels from the Nantei niine. ad, andalusite; q, quartz;

   iilg, niagiietite. Oiie nieol. ×70,
3. CoTunduin-spk3el-biotke hownfels <xenolith) from the Nantei miRe. e,
   eorundum.; sp. spinel; bi, bietite. White part･, orthoelase. ene Ricol.

   × {lrO .

4. Corundum-spinel-magrietite-aRdalusite-hornfels from the Nantei mine.
   e, corundum; sp. spinel (hereynite); m, niagRetite; ad, andalusite; q,

   orthoeiase. One nieol. ×64.
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rvig.

E"ig.

Fig.

yig･

1
,

2.

3.

4.

                    geXace LX(XV)

            (Phot･omievogyaphs of thin seetions)

Spotte(l biotite-hoynfels £rom the Goy6 niine. Seetion eut nearly paralleZ
to tig.e bedding plalle. dne Rieol. ×3.

Diopside-plagioelase-hernfels (lime-silieate xeek> £rem the noxthern
eontaet zone, east'of Tenzl. g', gamiet; di,.diopside; pl, plagioelase.

One nieol. ×64. ･Tourmaline-quartz-veln cutting quartzose biotite-hornfels. Nete the
mo{le of clis･eribution of tounnaline eyystals in eontact zone. t, tourma--

line; q, quartz. One nieol. ×9.
biopsicle-foysterite layeys (fo-dl) interealatin.ew with pure doloniite-layexs

(do). Loe. Xastem ridge of the Kotud6 valley. Crossed nieols. ×7.
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tgliXil.llll.tt/es;'I.,ee.sc'il'es...ge.#'SZ"x,es:pala"{#'taf.eet..i":'"fidi"i".ps'$/gvei

1///g,ma,.ca･,pa.ee'/rd'ge,agee#,ts

2

.ias

ee'.ee

3

ewte}eet.eeee wainma･ whg-ee-･ ..,

4

eessmp

t
b
e
-
y
s
i
,
e
q

    ge

T, IVatttmabe: (-"eoZosty aitd Mz7te?'aZzkatio7z of the Sztia,n Dtlse)'iet



夏蹴翫X夏（XV葦）



YTig/..

Fig.

Flg.

Fig.

                      PEace gXX (XVX)

              (Photomicrographs o£ thln seetions)

1. Siliceous clolomite £rom t'he first zone shown in Wext-fig. 6, showing the

   clolomite-quartz assemblage. Nete the diweet eontaet o£ doleniite <d>

   with quartz (q>. One nieol, ×74.
2. Tybmolke-hearing dolemite frei!i the seeond zone shewn in Text-fig. 6,
   showing the dolemite-tremolite-ealeite assemblage. tr, tyeinolite; cl,

   clolomite; c, ealcite. 0ne nieol. '×64. ･3. ForsteTite-dolomite-Tnarb3e frem the third zone shown in Text-fig. 6,
                                                              (c>.                                                        elaeite                                                 formed                                           'newly   showing the reiaeion of £orstevite (fo) to the
   The former is usually suyrounded by an aureole of the latter. do,

   dolomite. One nieol. ×72.
4. Dolomite-marble from the fourth zone. The thin seetion was stained by
   the Lemberg's solutioii. The roel< eonsists essentially of dolomite ({l>

   with a very small amouht of ealcite grains (e> having beeame dax3< by

   staining". One nicol. ×33,



Joity. Fae. Sci. }Iokl<aida Imp. Univ., Sey. iV, Vol. VI, Nos. 3-4, Pl. LXII (XVI).
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T. W'ata?iabe: Geology ct'nd Mi?ze?'alt:･ation of the S?{?ra7? Dist7oiet.
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Fig'.

Fig.

Fig.

yig･

                     ?kate zxxg(xvxK>

               (Photoinievogvaphs of thin seetions>

1. Iiiorsteyite-dolomite-mavble of the thirci zoiie shown ilt Text-fig. 6, showing

   foTsterite-caleite band (fo-eal> in dolomite-matxix(do), One nieol. ×11.

2. Forsterite-dolomite-maTble of the thiTd zone o£ Texb-fig. 6, showiiisr
   eTystals of tabulax forsteyite (fo) with thiii rim of Rewly foymed ealeite

   (e), whieh aTe embeclded in dolomite (do). Loe. East rid.o'e of t･he

   Ketud6 Valley. One nicol. ×33.
3. Ii'orsterite-marble of the fouytlt zoRe shown iit [l]ext-fig. 6, showiRg the

   inteygrowth o£ fersterite (fo> with elinohumite (el>. Traees of eleavag'e
   plane (elO> of foysterite are parallel to traee o£ twinning plane (OOI)

   o£ elinohumite. Crossed nieols. ×64.
       t4. Bxlleite-marble £rom the Kotud6 mine. Note the foym o£ pseudomoxphic
   brueite (by) inclieating the original eubie out･line o£ perielase. For-
   sterite, in the eenter, altered to serpentine (sp). e, ealeite, O'ne nieol.

   ×r?'1.
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Fig.

Ng.

Fig.

Fig.

1
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3.

4.

                 geXate LXIXffX (XVXXg)

View of ehe easterll open-cut of the Kotud6 mine, showing the relatioll

o£ the Kotud6 gra'nite (KG) to t･he g'arnet-seapo}ite-skarii (SK).

Surfaee o£ the garnet･-seapolite s}<arn, showing the inocle of occuTTenee
of very large xadiated erystals of seapolite (Se>. Loc. Easteyn open･-cut,

'the Kotud6 mine.

Skami vein (Sk> eonsisting inainly of sa}ite, epidote ancl seapolit-e, eutting

tke Suia'n granite (SG) along its joints, neay the Saziri village.

Skarn vein (Sl<) euttin.cr the Suian g'ranite (porphyrkie granediorite>,

showing the symmetyieal baiiding ef the eonststit"ent minerals. Seapo-

lite. (Sc) oecupies the eenter of the vein. The xvidth o£ the vein is
about 3eem. Saziyi valley.
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Fig.

I?ig.

Fig.

I]ig..

                     pxaee xxxv (xxx)

1. The Kotucl6 gyanite (aR aplitie graiiite) eontaining abundane rounded
   xenoliths (skarn balls) eonsisting of gaxnet, epidote and ealeit･e. en

   the ea$texn open-eut o£ the Ketud6 mine.
2. II'hotemiexogyaph oE thin seetion o£ ehe skayn-bail (Fig. 1), showing the

   cletail o£ the boundayy between the ball and tke survoundlng roek. Sk,

   garnet-epidete-skarm; g, granite. One nicol. ×6.

3. Photomlerograph of thln seet･ion o£ gaxnet-seapolite-sl{arn £rom the

   Kotud6 inine. se, seapoiite; g, garnet. One nieol. ×9.

4. Photemierogxaph o£ garnet-diopside-sknrn from the Kotud6 mine,
   showing zonal struetuxe of the garnet. g, garnee; di, diopside; c, ca}cite.

   Crossed nieols. x8.
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叢蹴LXV（XX）



                          PXnge MXV (XX)

    Undergrotmd photogyaph ef the stope-faee of the Northern ore-body (N.e.B.>

o£ t･he Ketud6 mine, shewing the relation o£ gold-eopper-bisinuth-ore (diepside-
ellnohttmite-phlogopite-skarii> to kotoite-marble. Plane et stratification of the

original xoek is weli pxeserved by the blaek bancls of ludwigit･e. Note the deve-

Iopment of reaetlon, zone surrounding the diopsicle-skarn, ifi whiek fiuoboyite,
szalbelyite, and elinohumite axe found. Shaded axea (S839) indieat･ing t･lte
leeality of the polished speeimeR showR in PIat-e XLXVII(XXII).
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                          Pgaxe ZXVX (XXX)

    (Colour plate reproduced fyom JAPANESE MINERALS IN PICTVRX
                  (Vol. IV) by eourtesy o£ Pro£. W. Ito,)

    Polished speeimen (No, S, IO12) from the Northern ore-body (N.O.B.>,
Kotud6 mine, showing the relation of kotoite-inarble (k) to dolomite-marble
(Del.). Note the shaTp boundayy betweell the two xoeks, The kotoite-marl]le

eontalns spaysely minute neeaies o£ ludwigite and und･etermiRed browR minerals.
Whe dolomite-marble is penetyated by veinlets eonsisting of Iudwigite <L>, eiino-

humlte <K>, and ealeite (eal>.
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                                    .1.
                         PXate LXVXX (XXXX)

    (Colouy plate reprodueed from JAPANgSE MINERALS IN PICTURE
                  (Vol, IV> by eeurtesy of Prof, T. Ito.)

    Polished speeimen (No. S. 839> £rom the Northern ore-body, Ketud6 mine,
showing the eontaet velation of the skarn to the l[otoite-marble. Note the
zonal aryaiigeme'nt of the eonstituent minerals ef the skarn. The oeeurrenee of
fiuoborite is usually confined to the veaetioB zone between the skaylt and the
kotoite-marble. The kotoite-marble (K) eontains speeks of ludwigSte <L). s,
metal}ie ininerals eonsisting of gold, bismuth, ehaleopyrite, pyrrhetite, enbaRite,

ete.; Di, diopside; H, minerals of humite-group, usua}ly elinohuinite; Ph, ph}ogo-

pite. Natural size.
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geig.

y'ig.

Fig.

                   PXage LXIVXXX (XXXXX)

i. Polished speeimen of kotoite-marble (l<) eontaining the ne(lular masses
   of diopside-skavn (sk>. The skarn masses' axe usually surrounclecl
   by blaek reaetioft-zoiie eQnsisting prineipally of ludwigite (L). Radiatedi

   oT pwismat･ie erystals of ludwigite axe spavsely £ound in the kotoite-
   marble. Loe. 70e syaku-level, Noytheun ore-body･ (N.O.B.), Kotud6 mhie.

   Natura} size.
2. Photoniierog"aph of a portion ef the reaetion zone o£ fig. 1. k, kotoite-

   marble; L, ludxKrigite-zone; di, diopside-skarn. One nicol, ×8.

3. Photomievegraph o£ thin section, sanae as figT. 2 but with crossecl nico}s.

   X8.
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熱鵜乱X叢X（XX置V）



geig.

Fig.

Fig.

                    wanee X.XXX(XXEV)

               (Photomicyographs o£ thin seetions.>

1. Kotoke-marble from the Kotud6 mine. Detaehecl subhedral grains o£
   kotoite (l<> oriented in the same dixeetion and embedded in a groundmass

   of calelte (e). Ketoite shows tyaces o£ prismatie eleavage. One nicol.

2. I<otoite-marble same as Fig. 1 but crossed nieols. I<, kotoite; e, eaieit･e.

   × 1.00.

3. Kotoite-marble showing that a layge number of g:ranulaT erystals o£
   ketoite are in eyyst･allographie parallelism, Kotud6 mine, Suian. k,

   kotoite; l, ludwigite; e, ealcite. Cxosse(l nieols. ×70.



Jour. Fac. Sci. I{okkaidC) Imp. Univ., Ser". IV, Vol. VI, Nos. 3-4. Pl. X.,XIXI (X><IV).
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璽贈翫XX（XXV）



                          Piaee LXX (XXV)

                   (Photomieroghraphs o£ thin sections.>

B'ig. I. A portion of thin seet･ion showiRg the sharp beun(layy between doloinite-･

       marble (upper) and kotoite-marble <lower). Loe., the Kotiid6 mine.
        One nicol. x24.

Fig. 2. Alteration of i<oteite-mayble along a crack (center>, shown by decomposi-

       tion of small elear gr'ains of kotoite into dull agg.yegates o£ a hydrous

       borate. Kotud6 mii3e. One nieol. ×17.
                                                                    '
i]igt. 5'. A portion of thin seceion o£ the reaetioR zene. Szalbelyite-needles (sz>
       aRd ludwigite erystals (IJ), seattexing' threitg,'h the Teaction zone, whieh

       surirouncls the diopslde-skavn in kotoite-･marble as shown in Plate

       LXVII(XXII). c, ealeite. One nicol. ×64.
Fig: 4. Floobovite (fb) assoeiatecl with spinel <sp> and szaibelyite (sz) are
       embedcled in ca,leite (c) of the reaetion-zone between the diopside-skarn

       aRd the l<otoite-nlarble. Note the hexagollal eross seetion of fieoberite.

       One nieol. ×61.
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Fig".

yig･

y"ig.

                    Pgaste it,XXX (XXVX)

1. Polished specimen of ludwig'ite-bearlftg roek from the Kotud6 mine.
   Lud, ludwigite; el, elhiehuin2te; e, eaieite. Natgral size.

2. Photomierograph e£ t･hiii seetioii of ludwigite iii the l<etoite-mawbie froix
   the Kotud6 mine. SIender erystals of ludwigite (Iud) are surxoitnded by
   niozaie gyains of ealeite, while granular exystals oS koteite (l{) are em-

   bedded in caleite (e). Kotoite has nevew been observed as inelusion in

   ludwigit-e. 0ne nieol. ×66.

3, Photomierograph o£ polished seetion oi ludwigite (lud> £rom the Kotud6
   mine, showing strong refieetion-p}eoehToism. The assoeiated metallie
   mineyals are magi?etite (mg> and he]natite <ht>. e, ealeite. Refieeted

   light, one nieol. 0il-imrnersion, ×150,



gour. Fae. Sei. ffol<kaid6 Imp. Vniv., Ser. I'V, Vol, VI, Nos. 3-4. Pl. LXXX (XXVI).
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yig･

Fig.

Fi.ff.

Fig.

1
.

2.

3
.

4.

                wtagec XXXXX (XXXb7XX)

        (Pltetomierographs of thin $eetions of oxes>

Speeiineii showing the eontaet between the wail reel< (clo, delemite-

marble> and tlae ealeite-zone (e) sttrroundiiig the skarn-ore o£ the Enst-

ern ore-bocly, Kot･ud6 mine. One nieol. ×64.
Chondrodite from the sknrn-ore of the Eastern ere-bpdy, showing poly-

synthetie twinning a,£ter (OOI). Crossecl nieo}. ×leO.
Diopside-chondvodite skarn from the Eas.t,ern ore-body, the Kotud6 mine.
cli, diopside; ch, ehondi'odite; e, ealeite; s, sulphides. Cxossed nieols.

×14. ･
Thin seetion o£ gold-eopper-ore, showing sulphides (s) replaeing tremo-

Iite (tr) and giopside (di), Kotud6, Ty6sen. One nieol ×14.
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Fig.

Fig'.

yig･

                  geRasme LXXXXff (XXV'XXX)

           (Photomicrogvaphs o£ thin $eetions o£ eres)

1. 0ve minerals (blaeli) replaeing phlogopite (ph) and tremolit,e (tr).
   Kotud6 mine. One iiieol. x70.

2. Specimen from the Western ore-body o£ the Kotud6 mine, showing re-
   plaeement- of gai:ne# (g) ancl ealeite by slllphides (s>. One nieol. x64.

3. Speeknen of diopside-tremolite-skaTn £xom t･he Kotud6 inine, showing
   the reiatiolt of oye minerals te gangue iMinevals. The silieate minerals
   (di, diopside; tr, tremolite) are partially replaeed by the sulphides (s).

   One nieoi. ×76.
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yig･

ev"ig.

IFiig.

geig.

                    stexe mxxw (xxxx>

              (Photomierogyaphs o£ po}ished seetions)

 2, namellar valleyiite (v) along (leO> ox" (OeO ln ehaleopyrite (ep) shew-
    ing its styong anisotropism iR diagonal position, Note that eubanite

    (eu> is fx'ee,£yom valleriite-lameilae. Northern ore-body, Kottid6 nTine.
    Oii-immewsiolt. '×260.

 2. Flame-like vallexiite (v) along (100) and (eOl) in chaleopyxite (ep)
    twiimed polysyiithetiea,IIy after (111). The Northemi ore-body, I<otiid6

    mine. Cxossed nieols. 021-immersion. ×2ee.
$3. Cyystallographie inteygwowth of cubanit6 (eu) ancl ehaleopyritG (ep)

    in an ore fyom the Northeyn ere-body, Ketud6 mine. fflame-like valleriite

    (v) proJ'eeeing £rom a erael< into ehalcopyrite, has nevev been found
    iR eubanite (eu) area. eite n2eol. eil-ivnmersion. '×200.
 4, Pyrrhetite (po) replaeed by eubanite (eu) and ehaleopyrite (cp>. Blaek
                              '    portions are gangue minerals (tr, tremolite). One nieol. eil-immer,-

    sion, ×150.



,]'ouy. Fae. Sci. Hokkaid6 hinp. Univ., Sev. IV, Voi. VI, Nos. 3-4.

1

Pl. LXXIV (XXIX).

2

3

asa
g

･-eei
l
i
i               4

7i, 'l7}t'aL(wt(tbe: (ifeolost･y aml M?lne･2iaZi,7.at･ion ol' the S?,eice'n Dibe)i'ict,



髄縫騰瓦XXV（XXX）



geig.

Fig..

Fig.

1,

2,

3,

                pxkg£ itxxv(xxx>

           (Photomierogyaphs o£ pelishecl seetions)

Drop-like bismuth (bi) with gold (Au) enelosed in ehalcopyrite (ep),

One nicol, Oil-immersion. ×35e.
Native bismuth (bi) iR ehalcopyrite (cp>. Oiie nicel. Oil-knmersion,

X150. - .. .. .Figure same as fig. 2 but cyossed nieols. Showin.cr the polysyiithetic

seeondary t･winning o£ native bismuth. Oil immersion. ×150.
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ge' ig.

yig-

ptig,

                   gegatc Lxxvg (xxxx>

1 ancl 2. Speeimen o£ the bornit.e-ore from the Northern ore-bodiy, Kotucl6

   mine, showing the .o, eeuwrenee o£ ewo types of ehaleopyrite in bomiite.
   Massive ehaleopyrite .(cp. I) usually eontaills minute drops ef bismuth

   (bi>. Lamellay chaleopyrite (cp. 2> ls in three clireetions parallel to
   (leO) in bornite (B). Veinlets eempo$ed of bismuth a'ncl bismuth-
   eopper-sulphosalt$ (l<lapvothite and wittiehenite> cutting bernite (B>

   figb. 1. 0ne nicol. Oil-immexsio". ×130; fig. 2, t･raeingr of the phote-
   s,raph of fig. 1.

31 Photomieyog'xaph of polished seetiow o£ oye fk'om the Ko+.ud6 mine,
   shewing swarwt o£ dyop-like native bismuth (bi) in ehaleopyrite (ep>
   md also in bornite (S). ene 'nieol. Oil-immersioR. ×130.

4. [l]raeing o£ the photogxaph, fig. I, with additional sketching undew the
   polarizing ore-mieroseope, showii3g polysynthetie twinning in ehaleo-

   pyrite (cp>, bornite and.bismuth. ×130.
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Fig'.

Fig.

Fig.

                  Pkaee LXXVXX (XXXXg)

             (Pltotomierogvaphs (]£ polishecl sectioiis>

1. Lamellar ehaleopyrite (cp. 2) in three c'lk'ectio" in borRite (bo). Mas-t

   sive ehaleopyyite (ep. }> eont･aining generally small g'xains oE bismuth

   (bO. ene nieol. Oil-immexsiell. ×20e.

2. Enlai'gement dE a similar porSion te Fig. 1, showing details o£ the rela-
   tion of two t･ypes of ehaleopyrlte te bovnite. Native bismuth (bi> is
   }]artly surrounded by narrow !-im of klaprothite (k>. One nieol. Oil-

   hnmexsio'R. ×470.
                                          '                                   '3. Portion of veins consistingh of bismuth minerals, penet･rating bornite
   (bo). Nat･ive bismuth (bi) having ehaTaeteristie twinning lanaella, are
   surrounclecl by two kinds of Cu-gl-mineTals. (w, wittichenite (clavl{er>;

   k, klapxLothite (lig.rhter)). One nico}. xlle.
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Yig'`

geig/T.

Yiig.

yig･

                  pgaste Lxxvxgx (xxxEgb
                             .k･                                        '(P'hotomierographs of poiished sections of ores from the Kotuda mine).

2. Native bisinuth <bO cutting phlogopite (ph> along its basal cleavttge.
   Note the bending of fiaky phlog'opite. Interstieial spaees of phlogopke

   are filled by bornite aiid hismuth-minexal o£ a.later stage. One nicol.
    X 100.

2. Small needles and clots of bismuth (white> orieneed along cyystallo-
   g.'yaphle cliyeetiems in spkalerite (gyey), pyobably along cleavage p}anes,

   ene nieoL eil immeysion. ×370.
3. Ii`seudoeuteetie intergTowth of boynite (bo) and supewgene ehaleoeite
    <ee>. One nieol. Oil inimewsion. x200.

4. Smali blebs and rods of klaprothite showing an iryegular clistyibution

   in bornite. One nieol. Oil-immersioR. ×20e.
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                       ptmge ZXXEX(XXXW)
         '
    (Photomicrographs o£ polis}ieCl seetions of ores £rom t}ie KotudoA mine).

        '
                                          ttYii.rv. Z. Farallel blades of peittlaiadite orieRtecl 6rystallegraphica}ly in pyrrltotite

        (po>. Note that fiame-form seeondary pyrite after pentlandite aml
       some blades of peiitlan(llte projeet fyom erael<s. One nieol. Oil-immer-

       sion. ×620.
Iiiig.. 2. Pefttlanclite (pd) embedclecl hi pyrrhotite (po). One nieol. Oi}-immey-

       si'oR. ×36e. ･ .geig. ?,. ?entlandite (pd) penetratecl and partly replaeed by geicl (Au) an(l

       ehaleopyrite (ep) along oetahedral eleavages. elle nieol. ×11e.
Fis,. 4. Seetion of Fig. 3 at higher magnifieation, shovving the relation of the

       latey giold (Au) aRcl ehaleopyrite to the enrlier pentlaiiclite (pcl). elle

       nicol. Oil-immersion. ×350. '
Fig. 5, Pentlandite (pd) partly replaeed by ehaleopyrite (ep) and klaprothke
        (l<) with millerite (m> along, eleavages parhllel to (IXZ>. Note the
       t-raees of eleavages of pentlanclite in fouy direetions. ene nieol. Oil-

       immexsion. ×35e,
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Fig'.

Ii'ig.

Fig'.

                   Pggke X.XXX(XXXV)

             (Photoimierographs o£ polished sections>

1 and 2. Lamellar twinning of ehaleopyrite (ep) from the Kotud6 mine.
   Nete the oceuwrenee oi" string'-like pyryhotite (po) and sphalevite (s>

   het･ween erystal beundayies o£ ehaleopyrEte. Nieols nearly crossed. Oil-

   immersion. ×70.
3. Dots of ehaleopyrite in sphalei;ite forme{il as a vesult of unmixing ef a

   solid solutioR. (I]he sphaleyite (sp> has been replaeecl by ehaleopyrite

   (ep) and bornite (b>. Oil-hnmerslon. ×150.
4. Pyrrhotite (po) .xeplaced by ehaleopyrite (cp> and penetrated by nexKTIy

   fornied magnet-ite (m.ff>. One nicol. 'Oil-iminewsion. xl5e.
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Ng.

Fig.

Fig.

Fige

Figt.

                  gekeese Lxxxx (xxxvx)

     (Photomieregraphs of pelished sections of speeimens froin

                       the Xotud6 mine)

1. Co}nplex sl<elton-erystals ef sphalerite (sp> in ehaleopyrite <ep>. One

   nieol, xllO.

2. Skelton-erystals o.f sphalerite (sp> (so-calle(l zincblende,-stay 6y "Zink-

   blencle-steylteheR") in ehaleopyuite (cp), in conamon orlentation. One
   nieol. xllO.

3. Vlrorm-lilce sphalerite includecl in pyrrhotite whieh kas been replaeecl

   around border by ehalcopyrite (cp>, One nicol. Oil-immeysion. ×415.
4. Sphalerite(sp) with ehaleopyrite-inelusions, replaeed by py,rrhotite(po).

   Small grains of ge}d (Au> oeeur bet-weelt the sphalerite and the pyi'r-

   hotite. One nieol. Oil-immersion. ×2ee. .
5. Vein-like masses of pyrvhotite (pe> eeeurying' along the g'rain boundaries

   of ehaleopyxite (ep>. Note that veyy small xeds of sphalerite (sp>
   eriented in crysta}lographie direetien of ehaleopyyite by the unmixing of

   c"t solicl solution. One nieol. ()il-･immersion. ×415.
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Fig.

geig.

geEg.

geitosu

yig･

Zn

2.

3
.

4
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5
.

              Wkate LXXXXX (XXXIVE{)

    (Photomicrographs o£ pelished seetioiis o£ gold-ores)

Crystals of tetradiymite (t> embedded in a matrix of ea}eite. Gold

 (Au) oeeurs in boundayy-zoike. Loc. I<otud6 mine. Ofte nieol. ×leO.
}<Iaprothite (k> yeplaeed by ehaleopyyite (ep) and gelcl (Au>. barlcer

.part is bornite (b). Loe. Kotuda mine. One nieol. Oil-immaersion.

 ×2eo.

(llold (Au) iBeludedi in pyrrhotite (pyrr). ?yrrhotlte replaeed by

ehalcopyxite (ep). Moe., E. e. B., Ketud6 min.e. ,Sne nicol. ×450.

A large gwain o£ gold (Au) oeeuxring betweelt ehaleopyioite (ep> afid

gangue (blaek part). ILoe,, E. e. B., Kotud6 mine. One nieol. ×lgO.
Intimate assoeiatien of gold (A.ll) with tetvadymite (O. Basal eleavage

ef te'tradymite exystals are showR. Loe., Sakusul mine. ene nieol,
 ×42of
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                     maate LXXXKXE (XXXVEgb

Yigt 1. Photomieyograpli of thin seetion of garnet-sa}ite-skarn £yom the Nantei

       mine. g, garllet; s, salite; fi, fiuorite; m, magnetite. One nicol. ×64.

Yig'. 2. Phetomievogyaphs o£ thin -seetio'ii of salite-skarR from the Nnntei mine.
       Note that ore-miRerals (blaek> have Teplaced silicate }niRerals. One

       nicoi. ×17.' '                                    '
Fig. 3. Photomicrographs o£ polished sectien of a mesothermal ore fvem the
       DSgan mine, Nantei. Tetvahedvite (te) replacing ehaleopyrite <ep>.

       One nieol. ×100. 'Fig. 4. Photomicregraphs of thin seetion o£ iroll-rieh amphibole in garnet skaTR,

       showing its strollg pleoehyoisin. Oiie nieo}. ×34.
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              lkte Lxxxw (xxxm)

     (Photomiexographs o£ poiished seetions of ores from
                    the Nantei mine)

Pyrite (py) forryiing a pseudomorph after pyrrhotite aRd showiltg the
origina} basal cleavages of pyrrhotite. ` The original pyyrhotiee bei"g'

yeplaeed by ehaleopyrite (ep). One nieo}. Oi}-invanersion.'×200.
                                             +BeRt molybdenite (mo> embedded in a matrix of] ealcite. One nieol.

            tt ttP>ryite (py> and itematite (ht) after pyvrhotite (lower part). Uppey
6SilLatneideoiP.ateohii]iniyiinFaenrsgiUoensfOnilliSieso.of.goid (Au) and tetradyltaite (te>.

Speeimen of high grade gold-ore indieating close assoeiation of gold
(Au>, tetradymite(t) anc} bismuthinite(Bi,,S3), Euhedral l6IIii}gite(lo>

is surrouncled by these minerals. One nieol. Oil-immersio'n. ×300.
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嚢贈蔦XXXV（X乱）



           geXts¢e

<Photomicrographs

LXXXV (XL)
of thin ancl polishe(l seetioits>

geig. 1. [I]hin seetion of seheelite (seh>, [{]enzi pTospeet. Note the oeeurvenee

       of orthoelase (or) showing adularia habit. White avea is quartz. One
       nieol. x14.

Fig. 2. Thin seetion o£ seheelite ore, Sekitaturi prospeet. Seh, seheelite; q,

       quartz. ene nieol. ×14.
Fi.rv, 3. Thin seetion of sericitized hornfel$, a coulltry roqk of the Goy6 golcl-

       quartz vein. ene nieel. ×70,

Fig. 4. Polishecl seetion e£ ore from the Goy6 maine, showing the relation of
       chaleopyrite (ep) to pyMrhotite (po) Sphalevite-stars (sp) are enclesed

       in chaleopyrite. One nicol. ×10g.
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geig.

yig-

Wig'.

Ng.

                   geXate LXXXVK (XLX)

       (Phot6mierographs of polished sections of oTes from

         ' the Goy6 mine>'

l. Spliale?ite (sp> eut and xeplaeecl by ehalcopyrlte (ep). Linear arrange-

   ment o£ ehaieep}iyrke-spots in sphalevite sugg'esti'ns' £hat tke £oTmey

   }ias been fomned later thaii the latteT. One nieol. Oil-immexsion. ×20e,

2. Golcl (Au> in galena (g'a> xeplaeing i)yxite (py), sp, sp})akeylte; py,

   pyrite. One nicol. Oil-kimiersien. ×30e.
3. G-alena. (g'a) replaeing pyrite (py) ancl spha.lerite (sp). One nieol.
   X l.45.
                                                            '
4. DevelopmenLL o£ erystals o£ arseRopyrite (as) op spha}eTite (sp>. Both
   minerals ailie surwoundecl by cha}eopyrite of a later stag'e (ep). One

   nieol. ×100.
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