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S田rface］MicrotOpography　of　Pyrophydite

　　　　－P血otograph　CoH㏄tion一

By

Mayumi　JIGE　and　Ryu／j　i　KIrlIAGAWA．

With，　4　plates

AbStraCt：The　sur　face　microtopOgraphies　of　pyrophyllite　c1ystals丘om　various　localities　lms　beeh

investiga重ed　by　using　transmission　electron　microscopy（TEM）With　the　Au－deco1ation　techniqUe．

The　pyrophyllite　specimens　inveStigated　were　col董ected肋m　the　southem　U重als（Russ血），　Califbmia

（USA），止e　no曲卿of　Vietnam，止e　sou止weStern　part　of　Korean　PeninsUla　and　so曲vvest　Ja卿

伽ldd㏄o蜘n　suc㏄ss㎝ly　reveal司即w血卿s（－lnm　in　height）on血e　crystal　surfaces．

Pyrophyllite　specimens　from　schistose　and　massive　ores　eXh　ibit　characteristically　pa【alle19mwth

pattcms　with　na∬ow　step　separatio恥Whereas　polygoml　sp廿al　groWth　paにerns　with　wider　step

sepa田tion　are　6bserved　onαystal　su漁㏄s　of　pyrophyllite　in　veins．　The　morpbOlogy　of

pyrophyllite　crystals　seems　to　Ieflect　the　growth　processes　under　different　conditio！拶（tempera加臣e

and〆or　supersatura垣on），　e．9．，　para皿el　steps　on　the㎞幽egular　pa面des，　on　the　other㎞（ちpolygonal

sp㎞l　steps　on　pOlygonal　plaSes，
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1．introdud髄on

　The　microtOpOgraphy　of　surfaces　of　layeled

silicates　such　　as　kaolhゴte，　nli（勘　　chlo］rite　and

㈱1i幽e厩n伽di司by㎜y　i㎜e面鱗ω
elucidate　crys重al　gmw血m㏄hanisms（Baronneち

1972，1980，Sumagawa　et　a1，1975，　Tom田a　et　a1．，

1979and　Iくitaga臓1997；1998）．　　Growth　induced

聯1庶ms　a飴w㎜om㏄面n　heig㎞are
Ievealed　　by　　the　　golddecoration　　technique

employed　with　transmission　electron　microscopy

（TEM），　as　developed　by　Bassett（1958）　and

Gri轍o　　and　　Samotoyin　　（1966）．　　Such

examination　has　revealed　spiral　and　pa面le1－step

patterns　on　the　（001）　crystal　surfates　of　vadous

layer　silica噂so伽their　9rovvth　mechanisms　and

condidons　of　g【owth　OoUld　be　inferred（Sunagawa

et　al．，1975，　Tomula　et　a1．，1979）．

　・We　have　apP血ed　the　decoration　techniquc　tO　the

（001）　sur㎞s　of　pyrophyllite　crystals　Gonected

from　gepetically　different　localities　in　the　soUthem

UIals（Russia），　Califbmia（USA），　the　north　paIt　of

Vie加am，　the　sol血westem　part　of　the　Korean

Peninsula　and　sou血west　Jap肌　We　heK∋describe

the　　　observation　　　resUltS　　of　　the　　　sur飾ce

㎡c「otOpographies．

皿．M蜘曲b　and　Me重hod

　　A3　Sp㏄imens

　　血y　sulfide　deposits　including　Porphyry－

001脚㎝e㈱lo鋼血血e　so曲㎝U面s，舳
pyrophyllite　alteration　zones（Zaykov　et　a1．，1988），

Kuroko・type　and　vein→type　deposits．　pymphyllite

ゆpecimens　With　sulfide　ores　in　the　Urals　are　formed

as　various　modes　of　o㏄皿rence，　e，9，　ip

hydrothermal　metasomatic　zones　with　massive

sulfide　o】res　and　in　vejhs　in　gold　deposits（Zaykov

and　Udachin，1994＞　Pyrophyllite　specimens　were

collected　fr（）m　the　alteration　zones　of　t㎞㏄sulfide

depOsits　in　the　Uta　ls，　i．e．　the　Ga》～Ku1－Y加t－Tau　and

Chistogor　deposits．　An　addi廿㎝al　specim㎝was

collected　from　a　different　occurrence　in　the　U1als，

丘om　the　hyd舳emal　veins　of血e　Be爬zovsk　gold

dq）osit　near　Ekate血burg　and　Califbmia（Fig　1）．

Pyrophyllite　in　vein　occurs　as　an　aggregate　of

radiating　clusters（Fig．2）．

　Numerous　massive　pyrophyllite　depOsitS　occur

㎞1Cretaceous　血yolitic　an（y（）r　dacitic　r㏄ks

distributed　in　the　East　of　Asia（Kitagawa　et　al．，1988，

Kim　and　Nagao，1992＞　We　also　collected

pyrophyllite　sp㏄㎞ens　from　Tanmai　deposit（the

nonh　part　of　Vietnam），　Gussi　deopisit（the　southern

p町tof　the　Korean　Peninsula）and　Uku　mine　and

Shokozan　mine（southwest　Japan）in　this　stUdy．（Fig

1
＞

B：　Observation　MethOd

　　The　　decoration　　　technique　　　of　　electron

血crosc《）py　was　apPlied　to　observe　the　sur㎞

micmtopog田phy　In　the　Au・d㏄coration　technique，

gold　is伽h弔vaporated　in　a　vacuum£vapOration

apPare血s　onto　dleαys圃s町伽e＆　Mn鵬grains

of　gold　preferentially㎡ucleate　along　the　steps　on　the

su曲㏄s，　thus　爬vealing　血e　su漁㏄

㎡crotOpOgraPhy　of　the　clys往』f加e＆　　　Steps，　dle

height　of　a　unit㏄110r　less　can　be　clearly【evealed

by　this　technique　with　elec廿ion　microscop》～重f　the

coating　is　correcdy　app販ed．　Tlle　Au．decolation

technique　applied　in　this　study　fbllowed　that　by

Kitagawa（1997　and　1998），　as　ouUhled　below

　The　sp㏄imens　were　dispersed　in　dishlled　water

and　col1㏄ted　on　a　thin　oover　glas＆　　醜r（lrying，

these　mounts　wen∋heated　at　400～500°Cin　a

vacuum　of　l　Oq　tOrr　for　2－3　hou鶴s．　Hα面ng止e
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Fig1．　Distribution　map　of　main　pyrophyllite　depositS　in　the　world　and　sampring　pOintS

in　this　study．1．Gay（Southem　Urals），2．Ku1－Yurt　Tau（Southem　Urals），3．Chistogor（Southem

Urals），4．Berezovsk（Southern　Urals），5．Califbmia（USA），6．Tanmai（nonh　part　of　Vietnam），

7．Gussi（Korea　Peninsula），8．Shokozan（Japan），9．Uku（Japan）．

v　　　　　　merhaノ㌔’渉ww 一制轍 漏

Fig．2　Hand　Specimen　showing　aggregate　of　radiating　clusters　collected　from　Berezovsk

deposit　in　Southem　Ural．
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釦pecimens　9ives　cl｛）ar　s血s　1㏄㎞9㎞pu而es

and　greater　gold　mobility，　enabling　se1㏄tive

nucleation　of　Au　along　the　gmw出s電eps（Basseち

1958，Tbmum　et　al．，1979）．　Gold　was　flash－

evaporated　from　a　tungsten　coil　heater．　Acafbon

coat　was　止en　aPPIied　　　Following　this，　the

Specimens　wεre　immersed　in　a　so1面on　of～10％

HF　fbr　8－10　days（occasionally　one　w㏄k），　to

completely　dissolve　the　specimens．　A丘er　soaking

血e㎜加nsinds個・鵬出e曲c諭n五㎞s
and重heir　gold　giains　were　collected　on　copper　mesh

gdds　fbr　obser幡on　with　a　TEM（JEM2000ES，

120kV）．

皿．Resu量的

　The　electron　micro9町）hs　in　Pl鵬Ito　W

show　that　the　grains　of　gold　prefe1e面ally　mclea重ed

along叙eps　on止e　cly働1　surfaces．　Howe臓

these　ale　clea】rly　not　cleavage　pat舳（Kitaga臓

鋤．The　single　steps　are　assumed　to　be　the

height　of　a血績∋皿layer，　based　on　dle　shadow血9

t㏄㎞ique，

　Parallel　step　Paはems　with　narrow　s重ep

separations　and　polygonal　spiral　grow血patにms

with　wider　sゆ　seParation　ale　characteπistically

observed　The　former　p鋤em　6bserved　on

pymphyllite　clystals丘om　massive　and　schis執）se・

teXtured　SP∋chnens　associa愈ed　with　sulfide　o】ms．

Ih　comX　the　laler　pa随em　observed　on

pyrophyllite丘om　veins．　However，　circular　sp血al

gmwth　Pmenrs，　which　ale　generally　observed　on

illite，㎞1inite　and　chlodte（Kitaga臓1998），　a【e

not　found　on　these　lryrophyl蓋ite　crystals．

　pyrophyllite　clystals　in　massive　and　schisbse

spec㎞ens　are　dbserved　as　irregular　formed　plates

in　morPhology．　However，　crystals　in　veins　occur　as

polygo11al　Plates．・　　Paπ通lel　steps　are　observed　on

the　su㎡註ces　of　pyrophyllite　erys重als魚｝m　massive

and　schistose　specimens，　whereas　polygonal　spiral

growt　1　Patterns　are　found　on　crystals　from　veins．

Theref（）re，　it　may　　be　◎onsidered　that　血e

morPhology　of　the　crystals　is　controlled　by　the

growvth　mechanis　ns．
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