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AbstrabdMetasomati c phenomenatef siamglk
basically <c¢classified i1 nboi &@mwtoatmaojnorr epp
(ni bbl e repl acoermeenntt)atamac 2)eplcacement .
mechani sms of mi ner al r-empeé @aiceimeati am e( |
ori ennat[ ni bbl e] repl acement pattern)
silicabesemwntfattcioon replacement pattern).
the replaced miner al on one side of a
mi ner al as itnheer aale pdmctilvee ot her si de i s
formati on meciwaniennmaftoronhdtmermdl| e) repl ¢
Clear rim and intergranul arf all s pga&r alb

al bite wunder t h-lee aerfidhrego t thyf maplur g¢ga sNaor
accompantbesartilmgg Njaas oaf rfolmu it ch,e -faedql sgaall
remains and takes the shape of vermicul

Perthitic albite | amell aeyl mekas$omkat
processes oOfr by exsofetdeparfraemygthal ,p
probably formed mainly by simultaneous

The key evidence for replacement i s
mi ner al I n thel aciweg rmhiomenrea!l .r elpowever
phenomenon should be distinguished fron
Il nclusions in igneous rocks.

Generally, a phenocryst can simply b
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Wh e n sever al meetsa s amat isuppromessed, t
repl acement process can possibly be det
repl acement rul e.

Keywar dset asomati sm-ofiepht ac-6 me@e hjhett iew
di ssopruddiomi t ati on, ckeaar onr i mxc hiamtgeer,gr
myr mekit e, perthitic al bite, por phy
crystallizati on.

l ntroducti on

After formation of granite, gases and
magmati c processesl cdnfipechegranetiiontr
i nstability or change of an individual
deposition or crystallization of a mor e
the primary miner al il ehb bhooalWw substtaonc

Lindgren (1925) stated: ARepl acement
t he host mi ner al , foll owed I mmedi ately
guest mineral ééThe volume of the repl a
mienr al repl aced. Deposition follows so
any open space be discerned under the n

Mi ner al replacement , such as ~cation ¢
pseudomor phi sm, chemi ¢calgeweat Beminmg ,melt
are all | inked by common features in v
stable o202 Putni s,

Such replacements 1 mply that met as ome
di fferent from classicaltumemamer phbgimc
occurs in a rock (generally accompanie
change in the chemistry of the rock.

| t S necess-ar guitdo fhlauwied gfarsom out si
repl acement . Many ptehabgtaphers gemaphag

been cataclasticall yl ideafiadr nfeldui e foare |



circulate in the rock and cause the met
repl acement really occurs k nt aantderf e r ma s
basically preserved even so far. They

pressur-lei qied gfalsui d surely could have
rock. The perioldi qpqeiedled!] diod ftt dceer g ans ht hae

rock must be | ong because the rate of

the duration is short. The metasomatic
essentially undeformed rocks for most o
Mor eover, underhemewalphgsi camst ances,
transformation of an old mineral (via c

one withouteprnesciopiuttdtain@n iy agdas a r ea
met asomati s m.

Geer ally speaking, the metasomatic pr
featur es:
1) A rock remains in solid state as t

2) Transformation (reformation) or d
al most aisrhy!l twintelto f or mati on of regene
evidence of open space.

3) The volume of the replacive guest
mi ner al that iIs replaced.

| f one miner al I's partially dessgalve:q
during which open spaces exi st and new
solutions of a different composition,

repl acement but as a type of filling.
Met asomatism is conceptihemalflry mdii fsfoenro
that occurs during magmatic crystalli za
cotectic ones when two minerals simult.
confused. Besi des, met asomati smnigs e a
(exsolution) in a solid solution.

The replacing phenomena discussed 1in
mi ner al repl acements in granites that

studies. The replacement odf anew imamegr a



more complicated and not discussed here

Two maj or patterns of single mineral re

According to the authoroés observation

crystall ographic | attieceamdhdr eoplieemadt i
met asomati ¢ phenomena that occur i n si|
classified intolt vwedmiagrmotratpi atnt errensl:ace

replacemydnwmwpi andati on repl acement .

Het emo entpltaoemeet (ni bble replacement)

Het-eroentation replacement (ni bbl e

I ntrusi ve r oefkosr nsaotoino na,f taesr weolclk as 1 n b
Ni bbl e replacement occurs aal tgreai e
Taking the crystallographic |l attice ori
which the replacive miner al contact s,
the adjacent mi ner al capable of being
unpleaced part of the replaced miner al !
changing its crystallographic orientati
The crystallographic | attice orienta

mu s t be different or d i scceommednatn t o ¢ cTuhrast
boundary between two minerals with dif:1
I's possible along the boundar yf eledsmeaern,
for example) where they have taei esame a

Only where no i dentical or similar r
I mpurity in the rock could serve as a ¢
Ni bbl e repl acement phenomena that ar
al bi ti zfaglidosnpat Ki z atiioonn,, gnuuasrctozvii ftii czaatti o
berylitization, <calcitization and pyrit

1) Ni bbl e replacement albitization



Ni bbl e replacement al bitization in g
often occurs at the grain-fledspaar yasb avte
t wof &Kl dspar s.

a) Ni bbl e replacement al bitization ¢
feldspar

Taking the crystallographic | attice
repl acive albite grows edidbslplay .t owar ds t

A Kel dspar megacryst may al ways cont
rim (named Ocl ear ri mé by Phemi ster,

i nclusi on. The width of albite rim is

0.3~0.4 mm iinmn ogarlaknailtie,s arliucmhi na and si | i
and smooth contact from the main plagi
ri m, wher ekfse Itchsep aarl bbdwendary is irregul

spindles of qgwamrmal oro emheldd muufasceo ( Sm

ACl ear rimo occurs only at contacts ¢
feldspar, but I s absenor iwdreftreeldd skpiam i o cPl |
Fig)orlAbet ween two plagiocl|l aaekdoparblet s
qua(Ftg. )ILA, 1B
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Fi 3 A.-:Clear rim around plagioclase in contact with K-feldspar.

A---Inclusions & plagioclase (R| Pl,, Pl) are contained in Keldspar (K). Albite

rim (Ab ,single prime,

Ab ssingle prime) occurs at contacts around plagioclase inclusion$g°|

oriented differently with Kfeldspar) but are absent along the border of plagioclase
inclusion (P] co-oriented with K). The growth of albite Absingle prime is

blocked where contacts occur with another plagioclase of perthitic albite. Naqin
granite, Taishan County, Guangdong Province.

B---Albite rim (Ab ; single prime ) is present gnat the contact of plagioclase, Pl
with K-feldspar. The plagioclase is not sericitized.

C---Albite rim is absent at contact with quartz.
D---Replacive albite occurs at the border of plagioclase wital#spar.

E---Relicts of perthitic albite remainingh cl ear ri m Abod, I ndi c
replacement origin of the latter.

F---Arrows show the growth direction of the replacive albite.

Smal | relicts are found i n the c¢cl ear
and the perthitic elb@ped.| drel ILldFe ama
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Fig. 2-Intense nibble replacement of albite (0.8 mm thick) towards K-
feldspar. The isolated relicts of perthitic albite Abemain in the replaces albite
Ab single prime containing tiny myrmekitic quartz--ACrossed polars. -B-Plus
guartz plate. &-Local magnification of replacive albite. Nagin leucogranite,
Taishan County, Guangdong Province.

b) Nibble replacement -falldbsparzagn ainnd
The albite grains often foud#cdldspar g
( Kandy) Kwith different orientation are

i ntergranul ar al bite grains &,a0fABiagu.al |y
3as observed when a quar tpzolpalratzeedi d iigr:
row (generally < 0.2 mm wide) has an

perthitic dlbidsearnagahaen«Kt which it CQ
crystallrogmap@mahionoas fRadtdspfart h©nepposvi
qguite well, whil e theFbobghemRldChnmit®!go ud edv
di fficult accurately t o deter mi ne t he
Il ntergranul ar alomittaec ti fe atclhe y t diemr e dtelcyau
orienFagi oBA( 3B)



ABT

0Umm . e

Fig. 3-Intergranular albite grains at the contact of two K-feldspars

Both c¢clear albite rim and inter-granul
feldspars. Tihei B ghvekneossks are si mil e
al bite has generally | ess continuity th

There are sever al explanations for t

boundary al bite grains:
(1) Unmi xi ng djexcéerettdk pa)y 109P2h6aTm tsttleer,
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1952Ramb®@ YR h il BB U piRI 6 6 Ca rlsdtpbernHsa, d@Ply7a ,

(2 Late stage crystallbpi®aovgm Hofbobma glr
1995

(3) The sericite a@i ddhleage m fdisegolcvu
hydr ot her mal 1s%412d b RPon (Cheng,

49 Pl agiocl as+4€ eil dsmpelml3dbded eyymEi h or n,

Both clear albite rim and inter-granul
feldsparskndhees itmia given rock are
al bite has generally |l ess continuity th

The aut hor considers t hat the follo

determining the genesis of the feldspar
(1) dingts of perthifeldspabitaenobeott
places i n a thin clear(RildgiteEyriimFor?2,|

The relicts strictly maintain the prim
cl earer butSi miolaaser relicts of perthit
associated with -mdteaas o naathiistne -fwaHsedrsgo al af i
the Lyon Mountain granite gneiss in New

(2) A clear albite riom appdeerladspiaran
matter whether the plagi drcilgasglD,s 1Isker i c

( 3) Very fine vermicul ar guartz <can
al bite JWHiItg), AAut>2 s absent On a pure al/l

(4) A clear rim is Dblocked where <co
pl agi@chbash@A, 1C

Al t hough the continuidsgys otfhannttelrgtr am

rim, the phenomena are identical, indic
repl acement) .

It is difficult to determine the rele&e
as wel |l as intergrthenud mancad be aret a dtes alu

rare due to theigrpédrtmitteidc delvieil togo memt t h
comb penetr atFisg )oh3eCi ot eagr@ainml| aprl aaclebsi t
even as a veinlet that (pegatdafes hehee
al bite replaces the intergr ahtullag afl bi
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texturalofpagrtamrintses , gnei sse¢ (@Aug wustsiotc
1973). THhiek ebryFedignalredt sr el i cts that survi v
Relicts of perthinter qarl dnuleari nalchietaa o a
guartz plate was not i nserted under c
di fferent orientation and col or.

Fig. 4-Swapped intergranular albite (Ab ;single prime, Ab ,single prime) at
contact of two K-feldspars (K, K,). Relict (bridge like) of perthitic albite is
formed in the replacive albitéb ;single prime.Crossed polars plus quartz plate.
Sanchakou leucogranite, Hebei Province.
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Fig. 5-Swapped rows of albite at contact between two H#eldsparsat contact
between two Kfeldspars. Relict of perthitic albite (AP remains in the replacive
albite containing very fine myrmekitic quartz (dark gre¥pojiayao granite,
Xuanhua County, Hebei Province.

Al t hough it I's di f fni cewmltti rfeorp | algh iotce a
replacive albite may still replace tin
tiny relicts of perthitic albite in th
pl ate I s not inserted.

2) Ni bbbl e r epfleslgiamenntz ak i on

The objects of +Miebbkskpatbpkatemantar K
andf KI dspar.
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a) NdwlKispar nibbly replaces ol d pl a

Pl agioclase crystatftel dspaonften encl os

Wh e n ni-bél éspkat hi zatrann obouns ar itehse
pl agioclases are complicated and circu
situated atf elodlRdpg.rs 6wi t h K

O Primary plagioclase ‘ { T
. ‘," S - — Y’ -,
-; g e i *'. :-' .." ’
" N

vg' PYRLME Replacive K-f
488 . Pl
e y

¥
() Sac
2 e

Fig. 6-Isolated relicts of plagioclase irK-feldspar (K). Plagioclase Pl is
replaced by the Keldspar K single primeK single prime has the continuous
orientation as the primary-keldspar K, but lacks perthitic albite compared with K.
Crossed polarsHuangshatang twmica granite, Zhuguanan batholith,
Guangdong Province.
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0.2mm

Fi g-Pl @&gi ocl as esPdPddmes niPdbly -repl aced b
feldspat hi zawhiomh-oiesxecetpe-il ePW d 5,pDaaK o K
granite, Yangjiang County, Guangdong Pr

This phenaolmeanyosn tirseated as an i-mport
fel dspaamd,zat henef or e ,-f etlhdes prag g ahcarsy sd poc
origin. Surely, the plfaeglidoscp aars,e bhiust rtehael
I's mainly f ocuisteedd aar eeah earsomiand tlhiem r el |
|t S har d to judge whetHepart hawawhof
complicated boundaries has a metasomat.

Figoé6s hows t hat the newl-fefodosmad peec¢ctrs
thdirceg areas i s comparatively pure and
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i n the outsi-lel dspaoundhagatthor consi
preexi sti nfgel @rsipmar yanki t he f or mer has

pri mafreglpd{gi iKg. a8l so | acks perthitic al
border bet wgaemd pmd tmeagiopneakiaiucs eK -t e d s pvar &
have t he s ame crystallographic l atti c.
di fference betsweéen thems Alasy nte reach
Kf el dspar has a metasomatic origin.
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Fi g-Pl 8gi ocl ase is par-tkeyYydephbbly replace

A---Cr os s pol ar4 ziemdgllei grti. meK has ni bbl vy
pl agi o,ohaldshxeiPs of-f @lrd snaary K

B---Pl us quartz plate. The relicts of pl a
C-Cathodoluminescagi ei magene Kasexbteptsin
|l ess | ight Dbl ue.

Note that the ocednphtbbgooncbéasée hencleyp
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di fferent from thdtel dbp azfPd,PBHUIgr.o d7/m@i n ¢
pl agiogl ehaevi Rl t he samdebdseatat imary s
preserved because of t hi si nrgelragdpleancsend p
feldspathizati of.el Oseradfhorrza,t i minb @li ensK o
which has a different -feridesmptaat i ofrhef rpanme
not on account of their strarsg detdrucetdu |
Col l i ns a2odaColbluitnsj u(st because their j
strictly seal ed, preventing I ntroduct |
repl acement to occur.

b) Ndwlklspar ni bbfeldeplaaces ol d K

The apxpearfalnkilspar grains in the rock
under-pockasszed-fleilglstp.at hhe alki on t hat oc
bet ween-f d&lwbs pkar grains 1is <characterize
pri mafreyl dks parf drymdndewd ypar . The | atter
perthitic plagioclase vermicules with t
feldspar, radially(Fp @i mtit rogf ttohwea rndo rt nhael

al bite stringers-fehdlspaed i1 m pgoimemarpy al
pri mafreyl dishpiagor 9i)t s pert h{Ftiigs . amédy t elell) a
enclosed in the nefwdlydsfpoarrme dwhri ecpghl acca nv e

guartz plate iIis inserted.
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Fi g-Ni Bbl e repl-aeclednepar odt Kcontact bet
K-f el dspadkEFneKver micular | ines of -albit
feldspar are f oauinmdglien psepnregdaervdp rkkK me . t
bi oopytexene monzonite, Guangdong Provin
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Fi g-SwalOp.ped r é&pell dcsipvae K r yst alisngwiatth tahrer
grain boundary between three differentl
pri ma+#ye) dispar ,c5K3KA-aCrsodK pol B+Pilzuesd | i g
guartz--gatahedolCumi ntwlsacreqirti ti inEMmeaEgjriaann g e .
County, dGuRarnggwdiomc e .
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Fi g .Fig.111-Complicated K-feldspar (K; and K,) and plagioclase (PI) in
Huangnitian quartz syenite. Relicts perthitic albite (A of the primary K
feldspar (K) and myrmekitic perthitic albite (Apsingle prime) occur in the
replagve K-feldspar ( Kk single prime). Plagioclase (PI) is stableuangnitian
guartz syenite, Yangjiang County, Guangdong Province.

Fi gshbWs t hat t HeelnetpaagiKssoadkiko ml K r epl ¢
t he adijfeedednstpakKKk 3)KKon their ;0bawmdarcieess
downwajd g ,e pKlaecfetswak;d 9 goandvaKds, res pect |
repl acieghtkwar ds .

Cat hodol umi neisg.eashdO@magbat the -back
fel dspar | uwwionde stcaens, dtehaadt e Itdhsep arre pil m cmavre
has bribghute d$kiymni nescence, faendisphat | ume
pinkish purphe. bBlulglnd asklyorf al so extend
feldspar.

Both the pinkish -fpeulrdpslipear ()f odrn diperbi r(mfagw hy
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repl atevdsgar) disappear at any intense
Kf el dspar.
The orioefnttantel ome-t abdmparc ( Kx"') I s di f

the repleddesgpak, but coi nfcalddessp awi t(hK xt)h ec
it epitaxially grows. Beebhdspat hmagi e
as 3 mm, t-hel psopmawlyi Kh -t eedspplaaoauceéedld
not appear in {(Fheg)salme thin section

An wunusual-f epledstphart,i ccokKnt ai ni ng ver mic
i n monzonomitcheoW®asohira pluton i n nortt
by Collins (1998c) .ff ellhdes pwam u siunéviealdgessp aahti
crystals that | ac k (Fti hge. 2@ nciocmuel afrr opm aGye
Christofides (Depart ment of Mi ner al og)
Aristotle University of Thessal oni ki,
This kind of structure (vefrenmidcsuplaarr ipsl ¢
siimhmar to t-heldephacmeat Koned above.
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Fig. 12-An unusual perthitic K-feldspar, containing vermicular plagioclase,
occurs in monzonitic rocks from Maronia pluton in Northern Greece. The K-
feldspar crystals that contain the vermiculagmalase invade other-keldspar
crystals that lack the vermicular plagioclase (Reported by Collins, 1998). Work
done by Georgios Christofides (Department of Mineralogy, Petrology, and
Economic Geology, Aristotle University of Thessaloniki, 54006 Thegrga)o
Macedonia, Greece).

Note that vermicul ar affkRiltdepaccurpli
pri mafreyl dkspar, whil e no ver mi cufleard saplabri
where it replaces the primary plagiocl ¢

3) Muscovitization

Many paepthreorgsr consi der t hat muscovite
However, some muscovite could have a pr
Pa and 750AC), such as anhedr al (Fhug.coVi
13 or inter gRiig) al4 muscovite
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—

Fig. 13:-Primary muscovite (Ms) and metasomatic muscovite (Ms single
prime). The thick schistose muscovite (Ms) in contaghwjuartz (Q) is of
primary origin, while the irregular brandtike muscovite (Ms single prime)
replacing the biotite (Bi) and the-teldspar (K) is of replacement origif€rossed
polars. Huichang granite, Jiangxi Province.
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Fig.
14 -Primary muscovite (Ms) and coeorientation metasomatic muscovite (Ms
single prime). Left figure, planepolarized light. Right figure, crossed polars. The
clear and transparent muscovite (Ms) epitaxially growing on a primary
idiomorphic biotite (Bi) is primary, while theottled muscovite (Ms single prime)
containing the Fanalyte has a eorientation replacement origin from biotite.
Huichang granite, Jiangxi Province.

a) Muscovitéeetdppaci ng K
Ni bbly replacive muscovite occunstoal w
Kf el deip@)r 15
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