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Melt inclusions in pyroclastic quartz from the 
Carboniferous deposits· of the Holy Cross· Mts, 

and the probl~m of magmatic corrOSIon·· 

A:BS.TRAOT: iPYTlolcla'stic q ua:rt:z fr.OIm CM,bOOllif,e!,ous dayey ,seddmen'ts ,00:. ,the· HOly 
C!OOiSS Mts lbealI\9 lS'iI1i'cate gla!ss ine,Ius:Lo.ns, tfreq'1larittlyaltered all' ~ettiiJ.'l.ied ;by pneu
matolytk cmd hyldr,otherlmal .g'ollutwons. Homogeniz;:ttion and ,crushiingsitage stud1-e,s 
have ydelded the qOOl'tzcry.s'talli'zation and prolOObly eruption temperature 790-
8100 C, ·cooling Il'aite, and have evalua~ed ,changes -of pressure oOIf volatUes. The 
invalidity ,.od: ,common inltel'lpre'ta'tlion IOIf the :so-oolled "magma'bic c()['rosioOn" pheno-

mena dis iJ:1iI'esenit,ed 

INTRODUCTION 

Melt inctlus:ions !in minerals are the only hut mdnute portdons of true 
magma subm.dJttab'le to imJrnedli'ate obsea:-va'tions: 'lI'hemost extenSive Stu
dies iJ?, thistlli,e1d are carr1ed am the 80vlSt Union (Sobolev & ~psty.uk 
1975). Importanit pape;r /by Roed1der (197,9) 'pr-aS'ants mostly Airneri'can 
studies 'Of melt incluSdansin terJ'lestrial and lunar rocks. This kin:d of 
studies is developed also in Franc-e I(Clocchdatti & Perna 1974, Clocchiaft
ti & WeStercamp 19'74). In PoJand this !paper presents the first att'emipt 
to s'tudy the rilagmatic inclUSions. 

,The Bltudied sample lCansisted of 40 euhedral quartz cry.stals 0.5 to 1.5 mm .dn 
size, sepclll'a:ted Lr'OIIll!l;he pyrQ.clastic T,ock strongly altered to ,clayey .one. The inve
std,gated maierda1 haS· been collected by Dr. E. 01emp&k:a (Institute 'of iPaJecfuiolQgy 
Polish :Academy ,O!f Sciences) whlilst ,sampling for ,os'i;racooes one layer .of green 
shales' from a sequence,O!f lowermos,t Tour,naisian (SiphonodeUa cQnodont zone) 
ireen and chexnLsh shale.sexposed at K,owala (tTench 11 00: Olemps'ka 1979, p. 65; 
see also Olempska 1981)' in the nOl':th~n l1imb .of the Gal~1.ice syh.'cline (see aloso 
S~ulc~~·1971, Thxt-fig.· 1;, arid 197'&,. Texit-fig. 1). The presence, oJ'. PY.I)ot:la:spc 
ma!terdal within a condensed sed'imen:tary sequence that ,stradldle,s.theFamennianl 
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tTournaisian iboundary has long been 'known m the Holy CrOSos Mts (Czarnocki 
1928, 1933), and the r~onal devel.opment of -thi,s .sequence ,in the GalE:zice syn
cline has recently been .studied in detail:s iby S7iUlczewski (1978). All the 'sed'imen
tary gaps ·Within 'tbiis sequence, the same as the presence of :pyroclastic materiail 
aTe a'titr.jibu'tedto 1P1'()I00ssas connected with the ear.1y ¥ariscam tectoni·c move
ments, p.reoisely wi,th the Brelonic phase (Czarnockii 1928, 1933; iSzulczewski 1978). ' 

Ack.nowledgements. SeparaUon of qua.rt·z crystals fr.om the IflOck ,specimen was 
per1formed !by Dr. E. Oliemlpska, whose contrlil1\ll'tdon to this study and ~nd 'COO
su1tations are :graciously a!cknowledged. 'lihe author is also very inde.tlted to iPro
fessor A. Radwanski for his help in oompletion .of geowg,ical :cha.racterustics of 
the , samJple IQcation. 

METHODS 

Homogenization studies were pevrormeid Iby ' means 00: quenohiIlig me
thod (Roedder 197:2) a.pplying the ability ,00: silicate melts to supercooling 
with formation of glass lmaintaining the same ;phase Ta tios as at tem-
pera;tur,e before qu,enching. . 

Th~s method permits mi'Cl'OtSocopic observations ,of ihomogen'i'Zation proooss using 
hIgh magnirfi-caltdQIIJS wd:th immersi'OIl and at room temperature. Heating runs were 
made iIn m1croo·urn.a.ce of ttbe author's constr.ucmon :(Text-fiJg. la) ·calibrated a1s.o 
by quenching method ,on melting points C1fmetals and ,salts (T,ext-!fig. 1b). C@oling 
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Fig. 1. Quenching method Off homogenization of inclusions-
a- sketch of microfUrn.ace forquenchingmetod, b -calibration cUrve fur the 
miClf.ofumaoe; 0" - rerues of tYiPtcalheartimglquenchlng runs for detemima.tilan. of 
homo.,enizatiori temperature 
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from. tempera'tn1Te M II'lln Ito !the ~ :tem;perature in about ~sec.waS achieved 
by throwdlng hat quartz gradn on cold metal p'la'te. Serie~ of ·hea'tin.g runs at 
morea.sfng 'terrl'peria'tures .wWh wllowinlg lj,niClusionchecking under rmidoscope a:p
pr·oacheid h~zaltdon 'af inclusion (Text-fig. 1<:). Normal miClI'.osCope heating 
.stageteclmique could.ndt lbe used dueito rough suIifa,ce Of qllaTtz grains, too 
small for polished !pXeparatiQIliS. 

Mi'Croscope orushing stage {Chatxmecatype) based on the Krogh's {191l) idea 
a.nd . Roeddre:r's 1(1970) 'constl'ucti:on, wa:s used f.or cheClking of gas tpreseIllce in melt 
and, gas~d d.nclUlSians.Ceda:r oU was used as immersiQIl liquid. 

MELT :AN[) GAS-d..IQUlD INCLUSIONS 

Each of the Studied crystails 'bear from one to about twenty' large 
pmrnary mel~ inci'llSions I(NOJl mm in s~) and irom ntl to a.bout one 
pundoodof ltiny 1(,0.1001-0.1 mm) secondary mootly gaS~liquidincl.usions. 
Melt iino1Usions displayeuheid:raJ. or subhedral high-quarltz ·habit (PI. 1, 
Fig. 1), bult also rounded. or sphel'lical ones are common. Rarely melt 
inclusionslbear one {pl. 1, F:igs 1 and 3) or more (PI. 1, .fig. 2) shrinkage 
gas ',butl:Jb'l€s, :butt ma!jOIiity <jf ,them 8l'Ie dii!1!J.ed ,by homogene silicategiLass 
(PI. 1, FiIg. 4). 'Me1lt; :iJncluSion lbearing shi'llkage bubbles a:t'Ie ether the 
laxg-est iinc1us1OIrs iII1 l1he 'ga:-aMl, or a1:1 two or three inClusions present 
in .. 1the g:rain aTe with Wllbles, even j)f they are smaller ones. This pro
v·es the ipI"€Sence af at l·eas't three ways of .coo1iIllg: 

(i) Very ra:Piid oo.ol'j,ng: -no .shrinkage Ibulbbles" pel'diect superoooling; 
(ii) ReIlaitWely :s1ow ,cooling down to cerlaLn temiperaJture and then abrupt 

ltemjperaltUTe ·decrease: .Sihminkage· bu1Jjbles ' . Only -in th~ lar.~st i.n.clu:sions; 
{ui) Slow cooling over sIgnifican't te:mpelI'ature interval: all Lnclusions have 

shrinlkage .bUibbles . 
. ' .' 

'I'here is pro/bialbly. the ~ourth poss~ble way (1nrtermediate be'tween cases 
i and ii) When ICooling :rate was too slow to prec'lUJde formation of shdn
kage bulblles but too :r~pid 'to !form orily one bubble or to join few smal
ler bub1)1es in'to Icme l.a1-Igecr, as it is evidenced by inclusions bearing two. 
or m~eibu(bbles. . 

. Somellncl.usions oocu.r next to ruULe and horndblende crystails, or 
bear them as if;ralPPoo 'minerals (!PI. 1, FiIgs 5-7). Prtmary origin of all 
the albove rilel/t inclusions is ev.i'dence!d iby their random distrlibutiQIl 
m.ainly i!n. the inner core of crySta:Js. ~nd by their arrangement in growth 
zones cPl. 1, F'ti.g;8). 

In several quam crystals, together with melt inclusions, there a!lso 
occur d.iJ:fiferen~ rty'p£s of inclusions .. Their habit and distcl:butlon s~est 
them to (be coevaJ. with melrt; inclusions {Pt 2, Fig. 2), but theiIr fi:lli.nlg 
dWers sbro:n.g1.y i(iPl. 2, Fig. 1 and !Pl.3, Fig. 1). The followiIig types of 
filJ.ing were 1"€ICOind:zed: 

6 
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, ) G~ ,pat;tly , ~1.: , 2" F;ig. 3), 9-lWost, cO'ffipl~ly {El. 3, Fig. 3) r;>r . c,om:ple~ly, 
> " ,> " aiter~d ,(pL~ Fig; 4) fnt,p ,pie~ru~ly. 1aye,rsilicates. (}lass 'oftenpre,se~,ed 
, ", ) ,' ,ti~, ~~, :,~af' l~oqi.>~i~ ~~~l1{)ie P9~1>, pei-m~a.blejor alterd'~soll1ti~; 
" "whereas t~e " ina.wr 'pad , a( ~:nd~sion' is ,' oQ!mpIeteiyaUered (:pI. 3, : F,ig . .5j; 

: :! ' .. <' I .. :-.:· f; \: .. -,; . ~ ";': . :." ' .,- .~ .~ . ", -........ . . " .' . ' . '.;" . ~ . ,' " ", " , ,,", .: ',-: . ;.-~ 

, ,;' 2),; ,Gla,:ss :',C(l)mpletely' 'remo:ved',:'fr.-om : irn,clusi:o::r va,cIlOle; ne:id ' fille:ci ,'Wlithg;a,g;e.otis 
solution (pI. 2, Fig. 5), ,sOIIlletimes with sl!i.ght .allteratIQ.r1 ,oftheva-cuole ha., 

; '" i,',: : I~t .(~l. ,2" ,F:.ig. "6); ,, • "';- ", : '" ' 

:'3) ;,Glasg' :domp1eteI;v i.errno'W!d ftommclusd:Orivil'cuole, vacuole 'stirfacesloightff 
corroded orj'd,iJ;s olVed, "'rn'.CIU!s16n <ltleXltfi1l:eti thy'" iiydro'1fuelrma 1 rolutdoIi' (PI' 
3" Fag. 2) .of 'Variaib'legas/ld.quLd Ta,tiQ (PI. 3, fig. 4); 

4) Glass preserved onlly in fragments, ibut without ,visible al,tera'ti.ons, -in the 
remaining paJit ; dtva:el1{)'it{apaq~mineial replaeedgla1;s (PI. 2, iFig. 7); 'this 
minera'l ' ID .reflected light appea['s t-o tbe aggregaJte of subhedral pyrr-i~e 

grai.rus (IP!. 2, ~ig. 8). 
··:~:.:·;:b ; '.(":: -.i : ': ":"~: ,:;_.:-:)':1.1' : :.: ' :. ' '> ' . " , .... 

AnY<>p!e ,.Q! \1;he.ail!ter.ed induSions has 'tra'ce ' difformer, irac\t;ures opening 
the.:, inelus'io-n , ia1ld::lait~:; heaQed; wherea-s: incIusiiQns , n:ot affeCted ,' -by": 
craCks- pt~ervoo'; runai'~~melt : f.iillng '1(IP(L3~ Fig. 6). Thus;' the , fr3::e.i: 
tu~ w.~; lthe ""wayiS· ,of . ~il'ClUJa1iob ,of post-roatgmaitiiC so1U'tions~Depend'::: 
irlg'· <lm., ',t'he JiIl,l!e '1~ween, cracking and healting'of if;qlcture ,a.ntion ooluw. 
tipp',;,a<tbiyi;ty;; the , rfo:mn~, glass', fil1ing was , alite~ : pa,rt1y, ' completely ' ;00\ 

r-e@,OveQ.;,; . .ca~ Z ,aim, 3E;p,o:Ulld ' :be 'ea1:led t'he rafihlling of melt :\.riclusionsi 

by."p.n~t-dlYl!lie ;orhytirQtherrnaJ: : sol u.tlons {iKaly:uzhnyi 1971, Kozlow": 
ski:~ ,~:~!1"W!olWlSik:Ji :'1.912)" T,p.ehieal€d fooctures ax,e headed!Wi:th 'SIeConJdaryj, 
tiny gaseous or gas..Jdqu~:iIiclusioos.·'i 

(,' , . ' ( ¥ . ' ' . .1' • . ': . . .- • ••• • .... . 

. , .. .. ::'. . . ... , . .:.. , ..; . 

": ··'.:· • .li ;:;!.:'.;. 1I ',: . 

Moat of glass inclusions do not bea:r shrinkage bub/bles due to perTem 
supeTcooEing'6f 'siIi;date'melit .(PL4, ·Fi,g~ -1), hen~ an attempt" was mad~ 
,to';!ptit the: ::mC!J:Usions i ~umaercoiJ.di'tidnSiavourahl;e fur 'Il'udeat:i!on of the' 
bUWleS:.Usually' 2 'ho~:'ron' at tetInpefatu:re590~fHOO C . WI:jS sufficient' 
f.atthat '~s' 1but:i:tid.t ',:at a~iemPerii lures ,(iPl':4;Fig. 2). That ruiu/ 
sulbmitteld ~ information thait at about 6000 C silicate :mel~ fiJ.lirigin
clusions: '; ~as ~.liq1Jii:d " <Jlf '~'StitflfJici,entl'Y 10lw : viscosity , to ,forIn sht'ii,rikage 
.BUbiblesi., ::::< :. "-: : '," ,:' , ':, ' ' , ' ".,' 

,('"it'i 'tli,Ei ~tins~iiit~n;diirt,g,iCi6btadri ,sbcinkage bUl6ble ·started at tem'pera:iu're 650.:. ':'" 
.:w68'o9;C ,; ;ne-:xt'~decrease\d iSl<ll\.Wy ' to~bOiIJt 6000 C, formation of , single' bUbble ~as' 
obser,ved I(a?,l. 4, Fig,s 5-6), conitra['y to relatbi,vely ,short calcinaltion only at 600o ,C; 
W'~ up 'to rtrwewe ,bubbles ~pe~ea. Sevet!'lal mare heating runs at din!c:reasing tetm-

. ' f~ , ',: .t:' ' , ( ' .' ,' ., ,' . "': , ~ 1_. ". ', :_ I ; ~ '_" .... .. .! . , ' . , ' " I • - , ' ' . ' . ' . " :,' " . .. , . " .. , 

pe'raitw'e.a 'i1.ppi'Oa:,ched ' ihamogenJzaIUo:n of inclusllonS, whiCh occurred aitvety nar-
r,Q:wt,twtpetaltur,e ,tarnge79~lOQ,C ±measUreimerit er.rore<lwH 5Gr C (P1~4, ' Flig," 
3);L~~ :!,~ted 'l't·oWfogen:iza'tionilUns oronie heatin>g. lip ,to !teiIlipe4"ature e:xCeed~ 
img hQom:ogen:iza.1rl,~' iemPl'U'a'b\lte (rh) over anintea'v~'l,af 50-60? C ca used lde,ciePi' .. 
tat.io~ ;OIf ~i~~ '~nd se,pa;a'bi:~.ri. Of h~ciredsdf tiny ' 'bulbbles. .~ .gas , du~ " il), 
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1>ressuJ.'ICe~ase~ "i.'e'. l :the"'lboHrhigOf ' ihagma:"in ' J:ii.clu5w~':stale~' ;~'p·t· 4;'!J!',i-is ";4 
and 7~). ,) ;>~/;,,; : 

,;, , :;InfeW" caseS deare,pitaUdnhits ' Ibeen ; ~eIlieVed! ~t;'telmpe;fa'tiite ak'1l'~W as 
~3P:-&90o .C ~th. the ,same eflj'ect.q.f, v{)latile~e:p8;ration.Since :1j;hip.~ i:inot.lusi;ons HJQo;;. 
t~~d '~~al . gas , bubb}es ~~ore. rr1,l.I1S, -t;hefr pre~rva.td'OA a,fter ,,"b<?i1ing"·,.p\!fves; 
ihaf homogooi7.a'tto.nwasn-otrea<:bed ;(iPi:. 4,'Fi~f 9;.;10 and l~~i~). ;CJ:lipsQf . il~sS 
gotte~·· by ' ''lboHing' ;, . :s'UibseqUehtly ~c:alCinatred, : a.ftempetatl.i'r~ · Q.fmeitinl;{:~ : dn
chls,ion fHling (6000 c),;O.r even ail; iOOoC;·· d~d ' n.ot :melt ~Pi. i1/ :F'1g ;' ; 11:), lbeiini::u:ie 
av.wence of i.SItron:g .... infl U'ence ·df· voQati1ie .cbntecrit "on ' ,fuel t'1ng {o;F · CioMolidaWin)'illilin:. 
peratl)lre, ,()tf. ln<IgIna, . " . . ' .; .. ' C' :/i: .. : 

" . .. . : .". 
; . \ . . , 

"'CkUlSHING is'DAGESiTUDlES .;·· · ' 
, : .. ~ " ' ~ ' . ~ 

" l 'The !use 0If lmicfosoope ,cruiSmng st:ag~f.dr dpbniIigtit th~ :individual 
iniClusions " sUbini~ed some data dnp.ressiit:e iri "gas ,1)u.bbles:' Meit i iti~IlI:' 
sion' . wilth', shTiilkage:" bt.ilJjMe' rormedduIlrig . ' fiiVi~ho\.1r ' "caici~:a)tiOh 'at 
675 9 C, ,cm'<er,ushlr'lJg diSpfu)neti increa.s:e:,of bub~l~ 'd'ia'mief~f~ ai~'fue- five 

' . . ', ~, ' , . ' .• ' ..' ,- - ., . .. . . " - • . . -" :: ,. - .. - "':1." '. -.. . • ' ': ...• , .• , , .. .. . : 

tUries .. ThUsithepl"esSure ·Of VlQlai:~:1eS' 'in" shrinkag,e ' blibble "'signif'icairtIy 
_, ,_.. . . '''. • . :. . .." _ _ . • " . . . " ',. "," : " :' . . : . : .. '," •• ' . -•. . ··· · t .... ~ . ,. ~ .. ;:. ,I' _ . " . t i~ .' ... -" .··' :":· '" 

eXCeed€d 1 atm a'ttoeJIn ' 1;empera'tU:re, :,beingevim' higher 'at ' tempera.:. 
t'Uie"clooe'to Th; . . ·· .',:. . ' ,: '.<:: '(! '.: ', ' ;' : . ,,';" , / ' 'k. " , :;'.f ,., i , . : .: ~~ , .. , ,' : 

'. ;'.: '?~:~ t;~e ~t~: b~~,~ ~;;~qJi~p ,~~l~~iops~,~·~i{~·g:E:::~~, ·~·~~>~~ ,;':~~~~~:, ,~qf~~~ 
~~ : c.ru.s~!lg , eig~er , pr~odu:c:e,q~ 1~,Uibbl~ , ?'ffial~er, j9~;n th~:r'lw.~s.en,.t , i.p,,}ncl~~}:?p,~jr.t 
5; Ffgs 1; '3;7 'arid 8) or Of ' the <Sa:rilik' :,s,ize WE' 6, :rigS' 5'--{j). He:illc~, pres.sure ·o.f 
Votiitl1es ail; r~Qfu ·· 'te:fn.pei-~it:wre:· ,]a-{ ;'ii~H1ecf Jindilsfd.ilS '5hoiitd be" ~ 1 i ':'¥itffi ," :ari:(f"igas 
~b'bl.es .i.often: ml;g1ht .~ f~l1e<d ;' :l.h· siogrpifica.rut 'Rant. .\I)Y ;aq:uoou:s:~~(}f. ;· drU:S~~ 4f-a:ge 
~t~~ .WoOV,~d ';319:0 . It:~t ineJ~sd(jns .•. W'i~ll: ' J¥-ge.,~·gl,l>k,P,l~jlogk.1rljI} , U~~;; g;j~yal:, :Mth / 

'~~.::{.¥~~ ~i;~;c~m:~ ;'~~1~O::~~~~,~·~;.f;i~,~~:,tlx~Ci~~f:~~0 
-a't .. r.o.oIri ' 'tetiiperfltu'ta· Also' &()II~~i" iniclil;s.d9ns . fil1~'d ' by 'pr()ducls~ 6! '~gla.~s 'atterDa~o:it, 
aid ' '.noiibeat·' ga,s "'iri vii.,cuK,le,',;(Pl. :5, ~s : ~i2), lbeirtg ;' th&S"~attrh:iUtaible' '{tr~'b(}ld~ 
,":~aterr ~lteraltli.Oi1ls~ ,maY:l~ 'Sbihe::Se'4QlIldliTY (setr:i:ful;::tltarY}'-d~~:si;t: ."'~' ~ i ' ; '" 
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another anti proibaib'ly more reasonahle inlteI1p:retation of theemooyment 
natme. 

Careful slbudies of the ,embaymen1;s frequently rev,eal sal!ientsimi.
laxity of their halbi'\t to 'the sha.pe of melt inclusions, occuT:r1ng in :the 
salm'e m<ilneral gratin (Pi: 6, Fig. 2).. Rounded or spherical inClusiO!ns :occttl
togeth€!l' wi'tth flaSk.- .or buillb-Sha:peembayments, in~lusio:ns-lI1egative ~~ 
staBs are . a'CCompanlied by the fiat4aceted emhayments, irregular inem-:
.sions and embaymentf:.s .also exislt ~er (Pt 6, Figs 11----<10; cf. also 
Text-fig. 2 in iKdzl'owSk:i. 19'715). V:ery thorough studies performed !by 
Lemmlein ;(19'73a) revealed also another important feature: in the wall 
of embayttnent closest to the centre of crystaJ, often tiny crystals -of bio
tilte, plagioclase or magnetite maY'be found. This fact makes inva!hi.d 
the supposi'tion thalt ,em!baymenlts have formed 'by corrosion of quartz 
gra.in, and it pr<>'V,es that origin.of emibaytI1lents, similarly as of many 
melt (or o'ther fluid) inOlusions, is due' to inhdibition of -<:rystal groW;;h 
by minu'te mmera.I grains stic'k;ing It-ott-he face at growing crystal. ThtI,ls, 
the embayments should ' be ronsiijereci as ,f~atures oIgrowth, noto! 
destroying Of crystal. They may be oo1l-ed, the effects Q~ .either dendritit 
growth ofOrysta~ orincomp1ete sea1ing of melt inclusions. Someti;mes 
in'te:rpretaUon df the .. etmIbaymen't origin is in surprising' contradiction 
with the enclosed photographs. Rinne t{19i23, ' F~g. 163 in Ip. 73) !presented 
an cilivine grain ,(iOOprod~ here in Pl.:6, Fig. 4) called "magrri4.tiCallll 
corroded" which develops typiCal weak, c1eavalge not affected at the 
grain bounlciary Iby any eOn"oSion, and emibayments display:ingtogeth~ 
WJith mellt incluSions a patitern .perf.eldl:ly oultili.ning growth zones. M.ag .. 
ma!tic ' dils.solJUti-on ol' corrosion might ·· pre'feratbly attadk crystals alc:mg 
the 1C1ea!Vage !planes as the w.eakest tldr'ectfun in ' crystaJ, l:ik.e hydro'thet
mal etchihg.f~ in miCrocl.me5 (Koz):owski 1978, Pl.J3,Figs 1~2)~ 
HoweV1er, 'olitViine wiIt:h. simH~ habit (PI. 6, Figs 5~) was also .corrdY 
interpreted as '''skeletalcrystals'', Le. growth [forms (Zavariftslciy 1955, 
Fig. 204 .in p. 427). Some authors prei'erred neutral, descriptive names 
(!PI. 6, Fdig ... '7~, caliling crystal wtih embayments "quartz pierced with 
>.'worm paths«" "e~g. PO!lovidtina.· Hl6·6, Fiig . . 2:516jn.p. 290). Lemmleln 
19173b) discussed the ,evidences proving 'fuait quartz wiith embayments 
appears ~ost exclusi'Vlely due to ske1eta[ gro~ (.Pl. 6, F.igs 8-9). 
Unlfortunately, many published' m:awfugs of ; the' "corroded ~y5taJs., 
are :~ scliIema1lic (e.g. CO:riens 1966, Fig.29i5 !in p. 192;" Rinne 19~6. F.ig. 
173 :iti 'p. 79; RosenbUSCh & Osami'19;37~ Fig~ ' 17 ,in p. 68). thatmak:e 
impoSsible to cOnsider their true nature. . 

.' Int,ereSti,ng,psychologica:l aspect of -the "coriosi~ "problem" may~ 
pr~ed as. IfoUo.Ws: .imaglinabion of ard.'ent .highly active magma :is 89, 
d:n.i~tic, UNit . anyone acceptsf~tian .·fI{ ra1Jh~rstrange '''corrosi.~ 
pa1t'tei-nS"lby thdS·., Mgh":t~perature in~li. HOwever, ~obodyhas evercon;o 

,. ,. .. ~. . . ' .". , ' : ' . ..." '. . , . .- ," ' " ,, ' .. . . . ~ . 



ACTA GE OL OGICA POLON ICA , VOL. 31 

1 - Euhedral melt 'i.nclUSion with ·one sh.rinkage bubble; X 300 
2 - Same, w ith two shri.n!kage -bUJbbles '(b) ; X 300 

A. KOZLOWSKI, PLo 1 

3 - SU'bhe dr al me'lt inclusion with one shrinkage bu:bble .(b) , pa.rtly shadowed b y 
Qverly.ing il1lclusion ; X 300 

4 - Melit in clusion woith out shrinka'ge bUlbble ; X 400 
5 and 6 - Mel t ~nc lusi:on s wiith r ut 'ile orysta.1s; X 3UO 
7 - Same, w ith h o·m blende; X 400 
8 - P rim ary melit inclusi·ons in ·g.rowlth z·one of quartz ·crys tal; X 60 



ACTA G EOLOGICA POLONICA, VOL. 31 A. KO ZLOWSKI. PLo 2 

1 - Quartz :grain Ibearing m-el't, a'I1;e;red and refi lled ~n'ClU\Sions -in the inner c·ore 
(2-5 - inclu. j'QIlS pr,esentetd an F'i-gs 2- 5 of this pla,te); X 60 

2 - Melt ,inclusion; X 1000 
3 - Melt inclusion p 'a,rt ly altered in ?lay.e r ,si1i cates; X 300 
4 - Former melt inclusion with filling completely alte,red i n ?layer siJi.cales; 

X 400 
5 - F or-mer melt 'inclusion ,r·efi·l!ed by gas S"olu t i·on; X 400 
6 - Same, ,j.nclusi,on va·cu·ol.e slightly 'change·d during mfm ing ; X 600 
1 - Former melt un-c lusion m ostly .I1eof illed Iby 'Pyrite aggrega te (bLack ), glass partly 

preserve d, Ibran smitted 'light; X 350 
8 - Same, TErl:ledted light; X 350 

g - silicate glass, f - fracture partly or completely healed 



ACTA G EOLOGIC A POLONICA, VOL. 31 A. KOZLOWSKI, PLo 3 

1 - Quartz 'grain :bearing melt, artereel and .r~illed 'inclu&i.ons In the inner core 
(2-3 - ilncl,usJCl!!1lS ,presented ·in migs 2 and 3 <Xl' ,thi5 plate); X 60 

2 - FIOt"mer :melt inclusion reHlled by hydr·othermal soiu.tio.n; X 250 
3 - MeIt <inclusi·on with f,illing -almost c.arnpletely altered 'in ?laye.r s.ili'cates; >, 250 
4 - Former melt indushon ref·illed 'by hydrothermal solutio.n, vacu·ole walls etched; 

X 300 
5 - Melt inclusion with fming al'tel·.ed in ?layoe.l' silicates, glass (g) preserved in 

the very .narrow ,pa.rt ·o.f va,cuole; X 200 
6 - Melt ,inclusions: tfr·e.S:h I(m) with shl"'inka·ge ;bubble and altered I(a) af,ter O'pe:1-

iag by ·cracks; X 150 
f - fractures partly or completely healed 



ACTA GEOLOGICA POLONICA, VOL. 31 A. KOZLOWSKI , PLo 4 

1 - Melt ii.nclusio.n before heating run; 2 Same, after .inil!ial .calaina'ti-OIn a,nd 
ra'pid coo}.ing, with lSeveral shrinkag.e ,bu'b1Jl-e:s f'OoNned; 3 Same, afite.r homogeniza
tion; 4 - Same, af.ter 'de,c.repil1;a;t:i-on; 5 - iMe~t d:nclus-i'0n ·befo,r,e run; 6 - Same, 
alIter initiall ·caldna'ticm and sl,owe.r c-oo.liJ1lg, with .o.ne slhr.iIna~aJg,e .bU'bble ; 7 - MeJt 
incllusi,on ibef,o.re [''Un; 8 - Same, after decrepiltatioll1., 9 - I,nclusi·o,n with sJx small 
shrilnkage Ibulobles Ibefore ['un; 10 - Saune, aJfteT dec.repi'iati-o.n; 11 - lP:iece of g.\ass 
of the In:clusion ;from Fig. 10 afte.r caicina:tion at 7000 C; 12 - Melt indu:sion witn 
numerous ISmall sl'l1rin.kage 'bUlblbles; 13 - Same, after -decrepitation 
All micrographs X 300; f - fracture formed on decrepitation; some shrinkage b ubbles visib le 

in the same place before and after calcinatl.on are al'l'owed 



ACT A GEOLOGICA POLONICA, VOL. 31 A. KOZLOWS Kr, PLo 5 

1 Gas inclusion _be-f.ore crushing, meni3'cus (m) poo.rly visible; 2 - Same, clooe-. 
up view; 3 Same, after c.rusthing lOb -- gas bUibble re:lea'sed fr-run the. i.n~lu,si.on); > 
" - Same as !in F·ig. 3; close-up vJew; 5 .- Ga-s-J1qwd indu-s;ion bef-ore cr·ushirug ; 
6 - Gals bUIJ:jble :(b) released from 'the lindusion i n F ig. 5; 7 - Gas inclusion 
be.fore crushing; 8 - S a·me, after IOfushi ng, I(b - ga,s .buble, 'V - wall ·of the inclu
sion vacuote); 9 - Altere d inclusJ'on ,befo.re crushing ; 10- 12 - Same, sta-ges of 
t:rushing, no gas bUlbble ,(if - inclusion [.j,lling, pmbCllbly :>mectite aggregate) 

All m ic rographs X 100, except of Figs 2 a nd 4 which are X 240 

.1 



ACT A GEOLOGICA POLONICA, VOL. 31 A . KOZLOWSKI, PLo G 



PYROCLASTICQU"-B'I'Z 

Il~, with ·oor.r9SioD the , id~cal eimlbaym~ts , in maghemi~ crysWs 
(iPl. , 6, .F1ig. W) , fo.nmed .in dumps (Laza:renko & at 1975, ,Fig. 111a ;in 
p. i28). " , " , 

' ':l'he term. "con'osion" is used in sense of chemical degradation of 
sol!i,di;, ,·hence dn magmatic phenomena tlDs name shou3.d be reservte<i 
fOT C'hemical ass:i!mUation of cryStals /by mialgrna. However" assimi:la't:ion 
of ~rystalsha~ .to cause 'the obang€'d composition in 4;he nearest· neigh
borhOdd in surround±ng m~m at least until the c:ry'sltailexiSts. In 
fact, varlious monomineral xen()liiths in magma form on asSimilation rims 
,of newly Clry'Sta!llized , min,~ (e.g. quartz + 'basalt melt 4pyroxene 
rim, etc.) 1requenitly, wi'th glass (cf. ~ 1<800, p. 19) . Cryst:a~d.iSsolv
ing\in matgma usad to ,be d€leply,. etched~ney 19,79"Fi'g.l0-4 rn 
p, 3,17), hult the etching traces a!Ie V -shaped not , bottle-shaped and etch ... 
ing develops along cleavage plan€S. The ioottle-shaped embay.JI1lents 
should fill quickly with melt Sa'turatted w.iJth dissolved matte:r and being 
in equiililbrium with crystal, and thus any , further increase of embay
ment should be precluded. 

Somettli.mes the ,POSSi!bility of ~hing of, deep and narrow channels ti!l 
qlla1'itlz is presumed on Ithe !basis of /pictmre (PI. i6, Fig. 12) published by 
Laoro'ix CI901j Fig. 82 in !p. U1). However, this pattern of e'tchin:g with 
hydrotruoric acid has been achJieved for quartz crySta,ls(PI. ' 6, ~g. 11) 
which CO'lltai·n€d numerou¥; anbydrite inolUBions in narrow zone per
pendicular :to (1010) aJnd. fQr this reasan etched ~y (Lac:roix 1'001, 

. Fig. 29 in p. 44). 

iRUATE 6 

1 - Embayments and melt mcIlIlSions (one aitered), Kowala ' B(pecimen; X 166 
2, - Same, dase-~ Miew of tmlIbaymenlt; X 300 ' " , ' 
3 - "Corrosion embayment" ID ql\lSll"tz grain, FCtL"e-Sudetic man.ocl1ne; X 30 

, Sie1lllLS7iko 1978. Fig. 7) " 
4 - "lMagnna:tically corroded" oJ.i.vdne -i:nba.sa1tic :glass !from , SesebUhl near iIlrans

!eM, Hannover (a;jte,T Riionne 1923, Fdg. 163 in p. 73) 
5 -and 6 ~ Skeletal oLiv.ine fromlavas c4 vOlcanoes Uynm-Kholdo.I1gi, M&1Ildzhur.ia; 

X 56 ,{afterrZaWlriiflskiy 1955, Flig. 204. in 'P. 42'1} , , 
7 '-' Q~rl;z gram w,ith "worm ' paths" .in Uparite, AiI";v,j,ds)oer~ Swaren., X 5 (after 
. , .Polovinkina , 1~6, Flig. 256 Ii.n p. 296) . ., 
8 and· 9 :- Skeletal qua!1'l!;z trom obsddian, Be:rezovIka tRi'Ver, Kol)'ma area, USSR; 

, ,, 8 !taken X 166 and 9 taken X HO. ~afterr Lettnmlem 1973b, Figs 7 ami 8 dri 
.p. 23) , 

10 -,.,Ma~te fJr,om dump, Donets LBa&in, Ukiadna; X 146 (a;fter iLaZ8lrenko & al. 
1979, Fig. IlIa 'in P; 28). ' ,. 

11 _ .Qua:rtz :from TriassiJC ' clays, 'sOuree ,lde ' ·la' , Salz,Aude, Th"~e, section in 
,(0.601) Plane ~after Lacroix 19G1, Fig. 29 Ii.n !p. 44) , 

12 - Sipeci-men lflrom the same location, eltche.d Wlith lW ~a;fter Lacroix 1961., . F-ig. 
~~~~ , ' . 

13 -' Quartz .phe'OlrieryS1;.suorn quaTltz rporPhy;ry', Sarilsh'Vilido near 'l'\bilisi, Georgia~ 
', . - - t.resh. cr)'lSital, b - gldbular l>a;ril;lially me1ited cr1stal, d - crystal par .. 
,' ,' 'Hal1y m'e1led' ~ SUbSequently .regeneralted It.o subhedral balbit (fr om Betekhtin 

.~950, Fig. 3Q5 in :p. 437, : after .Lemmle:iln) , ,." 



. >. . Crystals' riU1y'b'e also ~ dest:r'oy:edbydissolutiorl wi t'hou,t"'chJinlcal ~c'
tions r~nlUlIid.JS~t\a-a!tledi-ni~tic'lhelf~'d1i€ 'to :!tslricreaSin,g terrtpet.a
tuxe. In :thliscase no addiltional mineraiJ. phase l,iPpeatl1S, but. f~&eki 
'crystalg. 'hee'omerOUlllded Or gdOlbulat (PL,S, 'Fi'g.,1,3;taken frOin Betek'h
tin "1950, iFJiIg. 305lin p; 437). Tlhe'd'isoussed, "'CO.l'.r()~tm", here call9(f\cot;., 
l"ooaylthe:pa1'ltial ,melting, may: 'be,aLso ;8JQpedted' fO'roli:wri'e . crystals if 
aff.ected> !by ill10reasiilnig rtemparature" but' thecrys'tals hemg prodti.~ 'of 
,pa:ri'da.1: 'lneN;d:hg oflsulbstance Oh the' crystal ,edges: anJd "faces should:g:et 
g.lobular'not dendritic haibit.'·.Pl"esuma1bly,' t'races():f·' partrl.lai:·rl:leltlng 'of 
'oli'vlin'eoxyStalrs"riLay, ibe,teoognlized. among meteorite olJiV1i.:IleS(Text~fi.g. 2), 
btiit 'jtis fieoossary' to;: xemembet:the . second 'poss'~billty, . that : tiny' faceS 
'On 'tglob'u1lar mYstialI. may ·a'l,sO ·£drttn due lDO recrystalliiation of' the crystal 

, sphere,toO euhed:ralhabit. . ,,' " ,. ' 
';i 

:;:r 

•• j. 

, ::": 

,i. 

'" 
,I,: .. , ., 

.. ','," -" . .' ·b·:,·1"· .. : 
.... , ~ 

:,i .::~; ....... ; . 

;~ ..... 

",;",.:;.{; " ... ,\'. •. ':Frg?:~.:HaWf~'I~~~bl~~i~~f~;'1S;'~~lri'~~{t~::~ ::"" ,::,,:\ )'("::, '; 
a'r::::gl()lq,~la:r !~y§t.al,,~P.c,a.t1a.n .¥~~' 1(~ite1;,fb~~at11?nlto' ·'19.'1~i,;'F~g.3l5g. imp;' 254~; 
b - ,globular cry.s'tal from itron !IDelteord.t'en~l'Ia~iIlo!ryatr:sk.;;'SiilbeNa; ,;e:: ~ii!'eiCtilon of 
t:ltjl'i .. \gl.oIqw-.a,r .. ;~y,s:rtaI~t40~r i%~~.~,~~i~;, ::,~ezO..d,YIal;la:ra~ llWl!iga.ty·, (note':' , ttM 
~c~n~:qi,1; lP.aJ~.nq:l:"':tl.i~ WRW'..;~~-I.iloipWisi'!)Jl::.ri'ch'~Q.te and.A:rb,e ')o'ut'e\r, inclusjpa~f.ree 
zone, whait may be '11'1810 a'tt.rl'bu'ted. lt,o parltiial melti.n;g of Ithe 'Cry,statl); d:.~ ~on 
Qf .. tp.·e,."!ilJ:l!~$~i C'1:.y;,~1 'i;$'!omC.nO.d'iJi~, Jt9'q.a!1i'QR·"~Q~:,$he< .,i,nIllet.,(l().t~.'Jlbeard.ng 
glass dndus'ioons ,is SUJrl'ouIloded !by the outer inclusJ,Oi!l,-_e ,f-llQI'l~ ,,:Citf lcq,p,S't.ati:1!''thLck
~~E!)':'}:Iil!~'lJP.;eltt;i.:pg, :s~lg'IliS,:j(q.fte,r~:J~ch.e!rI~~ ,~",Be~ke: '::l~,31 : :;,bo· :7.";c':Fig",:9;;': c,",",,:F.ig,;. n:; 
~~,:. ~,i~r 10. ~~::~;~1~!.: "''''>'j, '\~~:i,Xt\::~;', '~;~, ');!'·.'~;il:~::;:· )';r':'.;·;·:;'-';;T'~':::;)"':;';~\\~',':,:}~;", 

o . • _ _. . ., I" {~"Ii.~ ,:'-,1.' ~~~~ ~:~J, , . 
·,,<;>QondUSlOll' Qint"mQgInat'lC',:COJ'D.pSi.'on, 9f:.p;nenoorysts,'.:6l!F,"()f. rumportant 

~~i1t9i~,!,':~~J'll';.iWRtf:.s" ;e~~~~~~f'rg1.~f';,~~~g.~~~ef·'~~$f#t: ~Posi-
tion of melt;' i.e. serious eVolultio'UJ~'\~maltic ,;'e:haimhe1:-~j'? Ot,~eil.egenk 



=if!!£!=*E~1::E 
inlflUEmCE shronigay .the magmatic !pIrOOess, thus such conclusians )l~l\T,eto 
be made .on the baSis of undOlUlbted observations. In <this context the 
almost ninetY-Y'ear..:old Statement ·Off.· Zi:rkelJl89:3; p. 7(54) 'sOOms to ,be 
stitl!l valid: "The term corrosion has b~: liS'eq, . i:PO:fttxlU:!'IDtly: surely it 
js not jus1dfied to see in any morphologkaairregulariity,il'l. any ,embay
menlj; . .of crystal !the result of external mechanlkal or chemica'l defurma
tion, if arnytbody does not take into account the possibility <Yf iTl'egular 
growth". :-. ' .i·'i) '>":'" .> .. ~ ' , 

. , . . : .... .. :-.::: .: 

MECHAN[S(M OF 'liRE VOL.CANO IDRUPTION : . ", .. ..... , 

: .• i : 

I, : ,:!he .. pe!I\f~Eii; ::stt;id)i,~.; siilWit~eviid~tl~4.: that.'. pYl."oc:fastic'. :quartz 
:9::q1ffi . the ~LOW,eT 9~pnu~q.Us :af ··l{Pwai~ : ln '· i~he. · ~oly. ~s :¥~crystal-

...... ; '. . . . . .. . "" .. "" . ···· · 0 .... ... . . . . . . . .. 

1i~::;it ;; ~era'j;ul'le . a'Qove., ,800.JLtt:rom , m;a.gmarich i~ : V'01atlil~, so 
t~k( ~a~~(€!S) ; ~lp.(!P' , ,eruPtedP~asti.:c mate~aVshould . be · Mg~y, 
explosive. Ther,e, is no ~dence .·'tha!t ipyTOcla'Stic mat erial has 'coome 
ei'ther , born ;one ; ,or ; wrom: several, .~u.ptiQruS; . or even ,·.from mbiie ' thafi 
onie ,'VolCaoo, thuS'i tihe foliowing oon.t:h.islon Wli:ll 'be based 00< the sim.
p1es't; but 1:1' liittle a!t.biltra:ry:presum!p'tioo: dhe volbanO . a·rid 'one ~JPtion, 
sri~orte9 , !by p~ri-~: T~~~lge':,~~'~~ ,t];~ar~ ph,~n()ClJT~~ ' (!a~~ ,o;rl ,}rU~-
ti~ fiom '1iqUlid magma and they cooled. during explosjpn,from : 800 0 C 
dq1YD: .. to ~. OO.p~F~n f~ ~o~ . ~Itl;\QlUfRrod~ , sl),T~~g~' 'bub:bles· 
in :iID.iClutsio'lls. Qther ·quattz· phenoorysts ' . .(!ooled ·sLowet '€Iitherti!hthe vol
ca;no,.p.edk )~'fg~ exploslonord'llf'ing eX(plQsion.(pr(Jlbably IblOthPoSsibi.:. 
lities 'existed, since ' variOus ,obserV<ed '· shTinJt:age bubbles mi-ght · fotm in 
~nutes,h.oa.r.s . .and: days) .. No i OV€Ii~'ting · UIp ·to .'tempetatu;res<Siignif-ican.,;.:i 
tly exceeding 80'00 C . would be anticipated"when ' phenocrys;ts wef~i.mder 
s\mfa~ '~Onlli:tionS: ' :Le; ,ti:t1~~ :~ ~#·.~.~r~~ li$If<»:"~:, :erup~op, . ;bep"a-qse it 
shot!i1d cause CoimJ;non. d~~ftion ,anIdIPPHi1,lg; pf inclusi()ns. 'Which are 
n~£ ,~~rv,ed . ~th~si~di~ '~~als~ " i·.· ' .... , ... , . , .. , ... . 

There were also .paxts of rock in the vol<:ano ' aJx;e~di co<>:led~nd ' SUlp
rirttt~:r.·ttO · 'prieilrilatioly!t~c · amd ' hydh)'th~al~div'ity; pr9blilb1y stron'gly ' 
al~ wl~'~~. Gas ' ~rid 'g~~Udd hlCI~i()n.s .io.€?~g J~e coeval 
w;i~~, fll~1it ~' ~d; fOrmeqdue.: .to . fU~t~a1;e:r ~s91utJion : iim:mJ,sc~ibil:i'ty" , 
ar~ : :not .ciOE!yal iin.:fact, ·}:)eC8!l$o,e of J~ ~~e, diller'e;tlce in ~ shrinkalge 
bu1bil?les of melt .:inclusions and dn ga.s-Jiquid inclusions., In cru;;,e of a 
coeV!il 'OIii.gi.n. the 'pressure should.ibe '·.vexy s~iJaT;: GaS-li(tiiidiriClusdoris 

_ with Th = 1200 0 C, if formed at 800 0 C <ooeva'l with ln€!1t, indusions) 
Wbtiia· . i~\ih;e 'pi~n6eOf: vM~' Mgh :pre§S~eli~4fjp~, \vJ;i~p.· 'pure 

. 1 



A. KOZl.OWSKI 

Water :i'illlilg:is assumed ,(Fisher 19,76). Conseqllen'tly, ;refiJJlin;g' of 'melt 
inc1usionslby pneUm:a!oolyltiC and hydrotherrrull sdiutions ' migratirtig alq 
fradtures fOll'linEd dru.e totecto:rIi.C movements dUring eruption msra'tlier 
acceptable. ' 

Instit1Lte of GeochemA.s.try, MtneTtUol1Y and Petrography 
afthe Waorsaw University, 

A. ZwiT'1oi i Wigury 93, 
02-089 War szawa, Poland 
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A. KOZLQWSKl 

INKLUZJE STOPU W KWARCU PIROKLASTYCZNYM Z UTWORÓW KARBONU 
W KOWALI ORAZ PROBLEM. KOROZn MAGMOWEJ 

(Streszczenie) 

'Przedmiotem pracy jes-t relronsltrukcja wal'UIllk6w:k.rystalizacji fen<lkryształów 
kwarcu; występujących .jaklO mater,ia.ł ;pi.roklastycz.ny w litwora'Chd<llnego karbOnu 
Kowali .. w· Górach $wdęto!krzyskiclh. iW opał"lcIliu o -badania iIlk'luzji lSItopu k.rze
mianow~~ met'odą prz.echładzania «(fi'g, 1 oraz pl. l~) oznaczono temperaturę kry
&tali'zacjlna I~ 800°C i BItwiexldzonu, 'że powinna ona być bld.ska ,temperatUrze 
erupcjd. Wykazano, li:e magma Ibyła 'bogaita w Js'ldiłdIliiik:i 1otne, a badając zawartość 
fazy ga~owe'j 'POszczegÓlnych inkluzji za ,pom'ocą metody otwtierania. len pod mi
kroskopem (pl 5) s'tWierdzono odnlden:ny iSldad i ciśnienie części lotnych na etapie 
magmowym i' pomagUJ.owym. IPirzeidyskutowaniep.roblemu tzw. "zatok korozyj
nych" , (f,ig. · ;2 oraz pl. 6) . doprowad7Jiło d<l Wniosku, że nie świadczą {)Ile o che:" 
m'icznej korozji mI;IgnlOWej and o !ro?Jpuszezaniu il'enokryształów w magmie, .lecz 
.o za;buneniach ich sieci 'W ltrak.Ci.e wirostu. 
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