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Melt inclusions in pyroclastic quartz from the
Carboniferous deposits of the Holy Cross Mts,
and the problem of magmatic corrosion-

ABSTRACT: Pyrcolastic quartz from Carboniferous clayey sediments of the Holy

Cross Mts bears silicate glass inclusions, frequemtly altered or refilled by pneu-

matolytic and hydrothermal solutions, Homogenization and crushing stage studies

have yielded the quariz crystallization and probably eruption temperature 790—

810° C, cooling ralte, and have evaluated changes of pressure of volatiles. The

mvahdﬂty of common interpretation of the so-called “magmatic corrosion” pheno-
mema is presented

INTRODUCTION

Melt inctlusions in minerals are the only but minute portions of true
magma submittable to imimediate observations. The most extensive stu-
dies in this tfield are carried in the Soviet Union {(Sobolev & Kostyuk
1975). Important paper by Roedder (1979) 'presents mostly American
studies of melt inclusions in bervestrial and lunar rocks. This kind of
studies is developed also in- France (Clocchiatti & Perna 1974, Clocchiait-
ti & Westercamp 1974). In Poland this paper presents the first attempt
to study the magmatic inclusions,

The studied sample ‘consisted of 40 euhedral quariz crystals 0.5 to 1.5 mm.in
size, separated from the pyroclastic rock strongly altered to clayey one. The inwe-
stigated material has been collected by Dr. E. Olempska (Instilute of Paleobiology
Polish - Academy of Sciences) whilst sampling for ostracodes one layer of green
shales from a sequence of lowermost Tournaisian (Siphonodella conodont zone)
green and cherrish shales exposed at Kowala (trench II of Olemps‘ka 1979, p. 65;
see also Olempska 1981) in the northea-n Timb of the Gatezice synchne (see also
Szulczewslu 1971, Text-fig. 1; and 197‘8 Text-fig. 1). The Dpresence, of pyrroclastx"
material ‘within a condensed sedlm'nentary sequence that straddles.the Famennian/
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ITournaisian boundary has long been known in the Holy Cross Mts (Czarnocki
1928, 1933), and the regional development of this sequence in the Galezice syn-
cline has recently been studied in details by Szulczewski (1978). ‘All the sedimen-
tary gaps within this sequence, the same as the presence of pyroclastic material
are attributed to processes connected with the early Variscan 1iectonic move-
ments, precisely with the Bretonic phase (Czarnocki 1928, 1933; iSzulczewski 1978).

Acknowledgements. Separation of quartz crystals from the rock specimen was
performed by Dr. E. Olempska, whose contribution to this study and kind con-
sultations are graciously acknowledged. The author is also very indebted to Pro-
fessor A. Radwanski for his help in completion of geological ccharactenistics of
the sample location.

METHODS

Homogenization studies were performed by means of quenching me-
thod (Roedder 1972) applying the ability of silicate melts fo supercooling
with formation of glass maintaining the same phase ratios as at tem-~
perature before quenching.

This method permits microscopic observations of homogenization process using
high magnifications with immersion and at room temperature. Heating runs were
made in mierofurnace of the author’s construction (Text-fig. la) calibrated also
by guenching method on melting points of metdals' and salts (Text-fig. 1b). Ceoling
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Fig. 1. Quenching method of homogenization of inclusions™
a — sketch of mlcrofurme for quenching metod, b — calibration curve for the
microfurmace,” ¢ — senies’ of typical hearhﬂng/quefnc}um runs for determination af
hoittogenization temperature
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from tempenafure of run to the room temperajure in about 2 sec. was aohm'ved
by throwing hat quartz grain on cold metal plate. Series of hea'tm:g runs at
increasing temperatures with following ‘inclusion checking under - mwroscope ap-
proached homogenizaftion of inclusion {(Text-fig. 1c). Normal microscope heating
stage techmique could not be used due fo rough. surface of quartz grains, too
small for polished preparations. ‘

Microscope erushing stage {Chaixmeca type) based on the Krogh’s (1911) idea
and- Roedder’s [(1970) construction, was used for checking of gas presence in mel¢
and gas-liguid inclusions. Cedar ofl was used as immersion Mlquid.

MELT AND GAS-LIQUID INCLUSIONS

Each of the studied crystals bear from one to about twenty lange
primary melt inclusions. (& 0.1 mm in size) and from nil to about' one
hundred of (tHiny (0.001—0.1 mm) secondary meostly gas-liquid inclusions.
Melt inclusions display euhedral or subhedral high-quartz habit (PL 1,
Fig. 1), but also rounded or spherical ones are common. Rarely melt
inclusions ‘bear one (Pl. 1, Figs 1 and 3) or more (Pl. 1, Fig. 2) shrinkage
gas bubbles, but majority of them are filled by homogene silicate glass
(PL 1, Fig. 4). Mel inclusion bearing shinkage bubbles are either 'the
largest inclusions in ‘the grain, or all two or three inclusions present
in fhe grain are with bubbles, even if they are smaller ones. Thus pro-
ves the presence of at least three ways of coaling:

{i) Very rapid cooling: no shrinkage bubbles, perfect supercooling;

{it) Relatively slow cooling down to certain temperature and then abrupt

temperature decrease: shrinkage bubbles only in the largest inclusions;

{44i) Slow cooling over significant temperature interval: all inclusions have

shrinkage bubbles.

There is probably the fourth possible way (intermediate between cases
i and ii) when 'cooling rate was too slow to preclude formation of shrin-
kage bublles but too rapid to form only one bubble or to join few smal-
Ter bubb(les into one larger, as it is evidenced by inclusions bearing two
or more bubbles. . -

Some mc:lusmns occur next to rutile and hornoblende erystals, or
bear them as trapped minerals (Pl. 1, Figs 5—7). Primary origin of all
the above melt inclusions is evidenced by their random distribution
mainly in the inner core of crystals and by their arrangement in growth
zones (PL. 1, Fig. 8).

In several quartz crystals, together with melt inclusions, there also
occur different types of inclusions. Their habit and distribution suggest
them to be coeval with melt inclusions (Pl. 2, Fig. 2), but their filling
differs strongly (P1. 2, Fig. 1 and Pl. 3, Fig. 1). The followmg types of
filling were recognized:

6
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. __”1) G]ags partly . (Pl. 2, Fig. 3), almost. co'mpldhely (Pl 3, F;g 3) or. complet@ly
" altered (Pl 2, Mg, 4) into., presumaubly layer silicates. Glass. aften ‘preserved
L in lthe"paa‘;xs of mclusxou{ wacuole poo.:‘ly parmea.ble .for altemng soluhcms,
::'whm'eas ’I;hé maJor p’azrt ocE m1u51on is, oompletaely altered (CP] 3, F}g 5);

- 2. Glass wcompletely -removed:; from inclusion wvacuole; next filled 'WTth gaseous
solution (Pl 2, Fig. 5), sometxmes with slhghft alteration of the. vacuole has
.. it (PLo2, Fig. 8); . .. ... e
- 3) n Glass” donipletely removad from’ inclusmn Vacuole, " vacuolé surface shghfbly'
corroded or! dissolved, Sfrclusion mextt - Filled by hydraﬁhea'mal solution’ {®1°
3, Rig. 2) of variable gas/liquid ratio (Pl 3, Fig. 4);

4) Glass preserved onlly in fragmen‘ts bt w1thout v1suble alterations, in the
remaining part ‘of ‘vacuole opadue "mineral neplaced giats (PL. 2, Fig. 7); this
mineral "in reflected light appears to /be aggregate of subhedral pyrite

:grams (rm 2 F'xg 8) L

Anyone O the al‘bemed mcluswm has t:race of formeu- iradtures Opemrig'
the. . inclusion: and: lateér healed, whereas: -inclusions not affected by-
cracks preserved: mnaltered roelt dilling (PL. 3, Fig. 6). Thus, the frad<
tures were, the wayg of -circulation of post-magmatic solutions. Depend-
ing. on-the  time -between cracking and healing .of fracture and ‘on solu=
tion .activity, the former gldss filling ‘was. altered -partly, completely or.
removed. £ases 2 and. 3 should be-called the refilling of mélt inclusions’
by pneumatolytie .or hydrethermal ‘solutions Kaljuzhnyi: 1971, Kozlow-
ski»& . Karwomwslc-1972). The healed frta@tumes are beaded w11:h seconsdary'-
tiny gaseous or gas-liquid :inclusions.: _

Most ch glass inclusions do not bear shrinkage buhbles dwe bo perﬁec‘c~
supércoé]ﬁmg of ‘élicate inelt (P1."4, Fig. 1), hence an attempt was made
toput the: inclusions: mn:der condfm,cﬁns favourable for mucleation of the
bubbles: Usually 2 hoiirs’ Tun' at temperatie 590-—610° C was sufficient
for ‘that process ut fot 4t lower temperatures (P14, Fig. 2). That runs’
submitted also information thatt at about 600°C silicate melt filling in-
clusions was : laqftmd ﬂf svutﬁfumently loiw v1scos1ty to .form sh:mnkage

Bixbblesu

HF the iriins ihtending o obtain shrinkage bubble “started at temperature 650-—
-ussv@c next decieased: slowly - 1o about’ 600°C, -formation of single bubble was’
observed (Pl. 4, Figs 5—86), contrary to relatively short calcinafion. only at 600°.C,
when up to twelve bubhbles appeared. Sevemal more heating runs at dncreasing tem-
pemturas appmached hmnogmmza‘t&bn od:' mclusfhons which occurred at .very mar-
row" temperatiiite range 790—810°.C 4 measurement error equal 5°C (Pl 4, Fig’
3); Few repeated horivgenization Tuns: or one heating: up 1o beriperature exceed-
mg homogemzafnmn temperature (Th) over an interval. of 50—60°C oaused dmepa-.
tation of finclusion and separation of hundreds of tiny - bubbles of -gas due ‘o
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Ipessurce -decrease, i€, the oilitig ‘of - magma’ in -ifclusion Scale (PL. 47 Py
and 7—8). JRons

iridn few -tases decrepitation has :been achieved: #t Hemperatire: ak~Tow as
Q30——690°C with. the same effect -of; volatile separation. Since those/inclusions icon-
tained several gas bubbles before runs,_bheu- preservation after .“boiling”., prmzes
tha-t homogemza‘tnon was. not reachsed (PL, 4, Flgs 9—10 and 12—13) Chl'ps of . glass
go’L‘ben by’ “lboﬂrmg”‘ subsequently calcma‘ted at ’cem.perature “of meltn
clusion filling (800°C) ‘or even'at T00°C, ‘did not-melt (PL &) Fig:” i), Tbeﬁng ‘the
evidence of strong. mfluence of volatile. contenf On melt'mg '(o.r consohdatimx) ‘e -
perature .of Jmagma,- o SN . L v .

[N

: 'CRUSHIN'G lS'.[‘iAsGEZS"I’U‘DIES.L -

'I‘he use of mux:rosoope crushmg stage for olpenmg o the indlwdual
inclusions submitted sofiie data on’ pressure in“'gas bubbilas Melt mc_Iu—
sion’ wn?th shxmnkage bufbibﬂe _formred du:rmg fWe—hour calcma'tmn at

Pigs 1 %, 7 ahd 8) or of the samé size 1(P1‘ b, Mgy ’5—'6') Hennoé pnessure of
Volatiles at oo temeralbume in -Tefied’ indlstons should Be << % SHE Fard Eas
bubbles often might be filled' in- Significahtt ‘pant by aquebus vapor. Crushing <fage
st@dbe,s gpo«ved a]so that molu,swns w'l'th Jarge - bupbles xlookm;g Ji]@e c@eyat w;th

5

K glass anerna on,
did “not -bear” gas*in Vacwole (Pl ‘5, Figs: 9—12), being - thus*s ttrlhutaible By “co’td-

Fwater glteratlions, may b 'ih ¢the sécendary (sedigntary)de

N

'“3;’5,,(& An) ﬁ:, F
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calied the niagmatic corrosion. Such b {ce\gL re

eg. S1emaszko 1978, Fﬂg 7; meproducda

é‘r'bﬂzrary

“rib evidenides ‘Yo each’ ‘pestiliaE ca§é"" ’but ‘offéh” w*.ﬁ;h it
starbemen%s ‘that’ 'the “’emwym“‘ﬁts* ’évi&é‘ﬁuy Yrsse Fiom s mi T E For
P3TEN (K tibd{ & Scha‘tfm 978, 1p‘“4?3‘f4 énd"ﬁs@’ f ifp. 442) e aﬁ‘t’ﬂ&*’s
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another and probably more reasonable interpretation of the embayment
nature. . .

Careful studies of the emnbayments frequently. reveal salient simi-
larity of their habit to the shape of melt inclusions, occurring in the
same mineral grain (P1. 6, Fig. 2). Rounded or spherical inclusions ‘occur
together with flask- or bulb-shape émbayments, inclusions-negative cry-
stals are accompenied by the flat-faceted embayments, irregular inclu-
sions and embayments also exist together (Pl. 6, Figs 1—10; ¢f. also
Text-fig. 2 in Kozlowski 1975). Very thorough studies performed by
Lemmilein (1973a) revealed also another important feature: in the wall
of embayment closest to the centre of crystal, often tiny crystals of hio-
tite, plagioclase or magnetite may ‘be found. This fact makes invalid
the supposition that embayments have formed by corrosion of quartz
grain, and it proves that origin of embayments, similarly as of many
melt (or other fluid) inclusions, is due’ to. inhibition of m'ystal growth
by minute mineral grains sticking to the face of growing crystal. Thus,
the embayments should be considered as features of growth, not of
destroying of crystal. They may be called the effects of either dendritic
growth of crystal or incomplete sealing of melt inclusions. Sometimes
interpretation of the embayment origin is in surprising contradiction
with the enclosed photographs. Rinne (1923, Fig. 163 in p. 73) presented
an olivine grain {(reproduced here in Pl. 6, Fig. 4) called “magmatically
corroded” which develops typical weak cleavage not affected at the
grain boundary by any corrosion, and embayments displaying. together
with melt inclusions a pattern perfectly ouftlining growth zones. Mag-
maltic dissolution or corrosion might preferably attack crystals aloni
the cleavage planes as the weakest direction in crystal, like hydrother-
mal etching found in microclines (Kozlowski 1978, Pl. 13, Figs 1—2).
However, olivine with similar habit (P1. 6, Figs 5—6) was also correctly
interpreted as “skeletal crystels”, ie. growth forms (Zavaritskiy 1955,
Fig. 204 in p. 427). Some authors preferred neutral, descriptive names
Pl. 6, Fig. 7), calling crystal wtih embayments “quartz pierced with
»worm paths«” (e.g. Polovinkina - 1966, Fig. 256 in  p. 290). Lemmlein
1973b) discussed the evidences proving ‘that quartz with embayments
appears almost exclusively due to skeletal growith (Pl. 6, Figs 8—9).
Untforbun»a“b@ly, many pmbhshed drawings of the “corroded crystals”
are so’ ‘schematic {e.g. Correns 1966, Fig. 296 in p. 192;" Rinne 19;26 Fig.
173 in 'p. 79; Rosenbusch & Osann 1937, Fig. 17 in p. 68). that make
mn.possfble to considér their true nature.

. Interesting psychological aspect of the “cormosmn pmblem” may be
pu‘esenrted as cfollows imegination of ardent. hlghly active magma is sg
dram.atlc, that _anyone- accepts formation .of rather strange “corrosion
pa't‘tems” by this hﬁgh tem'perature melt }hwevm' nobody has ever con-~
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1 — Euhedral melt inclusion with one shrinkage bubble; X 300

2 — Same, with two shrinkage bubbles (b); X 300

3 — Subhedral melt inclusion with one shrinkage bubble (b), partly shadowed by
overlying inclusion; X 300

4 — Melt inclusion without shrinkage bubble; X 400

5 and 6 — Melt inclustons with rutile crystals; X 300

7 — Same, with hornblende; X 400

8 — Primary melt inclusions in grow'th zone of quartz crystal; X 60



ACTA GEOLOGICA POLONICA, VOL. 31 A. KOZLOWSKI, PL. 2

o

— Quartz grain bearing melt, altered and refilled inclusions in the inner core
(2—5 — inclusions prlesented in I‘lgs 2—5 of thig plate); X 60

— Melt inclusion; X 1000 '

— Melt inclusion partly altered in ?layer silicates; X 300

— Former melt inclusion with filling completely altered in ?laver silicates;
X 400

— Former melt inclusion refilled by gas solution; X 400

— Same. inclusion vacuole slightly changed during refilling: X 600

melt inclusion mostly rcfilled by pyrite aggregate (black), glass partly

preserved, gransmitted light; X 350

£ — Same, reflected light; X 350

g — silicate glass, £ — fracture parily or completely healed
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1 — Quartz grain bearing mell, altered and refilled 'inclusions in the inner core
(2—3 — inclusions presenled in igs 2 and 3 of this plate); X 60

2 — Former melt inclusion refilled by hydrothermal solution; X 250

3 — Melt inclusion with filling almost completely altered in ?layer silicates; > 250

4 — Former melt inclusion refilled by hydrothermal solution, vacuole walls etched;
X300

5 — Melt inclusion with filling altered in ?layer silicates, glass (g) preserved in

the very narrow part of vacuole; X 200
6 — Melt inclusions: fresh (m) with shrinkage bubble and aliered (a) after open-
ing by cracks; X 150
f — fractures partly or completely healed
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1 — Mell inclusion before heating run: 2 — Same, after initial calcination and
rapid cooling, with several shrinkage bubbles formed; 3 Same, aller homogeniza-
tion: 4 — Same, afler decrepitation; 5 — Melt inclusion before run; 6 — Same,
after initial calcination and slower cooling, with one shrinkage buhble; 7 — Melt
inclusion before run, 8 — Same, alter decrepitation, 9 — Inclusion with six small
shrinkage bubbles before run; 10 — Same, after decrepitation: 11 — Piece of glass
of the inclusion from Fig. 10 after calcination at 700°C; 12 — Melt inclusion witn
numerous small shrinkage bubbles; 18 — Same, after decrepitation

Al micrographs X 800; f — fracture formed on decrepitation; some shrinkage bubbles visible

in the same place before and after calcination are arrowed
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2

i — Gas inclusion before crushing, meniscus (m) poorly visible; 2 — Same, close-
up view; 3 Same, after crushing (b — gas bubhble released from the inclusion);
4 — Same as in Fig. 3, close-up view; 5§ — Gas-liquid inclusion before crushing;
6 — Gas bubble (b) released from fihe inclusion in Fig. 5; 7T — Gas inclusion
before crushing; 8 — Same, after «arushing, (b — gas buble, v — wall of ihe inclu-
sion vacuole); 9 — Altered inclusion before crushing; 10—12 — Same, stages of
crushing, no gas bubble (if — inclusion £illing, probably smectite aggregate)

All micrographs X 100, except of Figs 2 and 4 which are X 240
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necfbad with -corrosion the identical embayments in maghemite crystals
®l. 6, Fig. 10) formed in dumps (Lazarenko & al. 1975, Fig. 11la in
p. 128) .

The term “cor:romon is used in semse of chemical degradataon of
solids, hence in magmatic phenomena this name should be réserved
for chemical assimilation of crystals by magma. However, assimilation
of crystals have to cause the changed composition in the nearest- neigh-
borheod in surrounding medium at least until the crystal exists. Io
fact, various monomineral xenoliths in magma form on assimilation rims
of newly crystallized minerals (e.g. quartz + basalt melt ~» pyroxene
rim,. etc.) frequently with glass (cf. Lacroix 1893, p. 19). Crystals dissolv-
ing.in magma used to be deeply. etched (McBirney 1979, Fig. 10—4 in
p. 317), but the etching fraces are V-shaped not bottle-shaped and etch-
ing develops along cleavage planes. The bottle-shaped embayments
should fill quickly with melt saturated with dissolved matter and being
in equilibrium with crystal, and thus any further increase of embay-
ment should be precluded.

Sometimes the possibility of etching of deep and narrow channels in
quaritz is presurned on the basis of picture (Pl 6, Fig. 12) published by
Lacroix (1901, Fig. 82 in p. 111). However, this pattern of etching with
hydrofluoric acid has been achieved for quartz crystals (Pl. 6, Fig. 11)
which contained numerous anhydrite inclusions in narrow zone per-
pendicular to (1010) amd for this reason etched easily (Lacroix 1901,
. Fig. 29 in p. 44).

PLATE 8

1 — Embayments and melt inclusions (ome altered), Kowala specimen; X 100

2 — Same, close-up wiew of embayment; X 300

3 — “Corrosion embayment” in quartz grain, Fore-Sudetic manocline; X 30
Siemaszko 1978, Fig. 7)

4 — “Magmatically corroded” olivine in basaltic glass from Sesebiihl near Drans-
fetd, Hannover (after Rinne 1923, Fig. 163 in p. 73) .

5 .and 6 — Skeletal olivine from larvas of volcanoes Uynm-Kholdoengx Mandzhuria;
X 50 {after Zavaritskiy 1855, Fig. 204 in p. 427)

7'— Quartz grain with “worm pafl:hs” in liparite, Arvidsjoer, Sweden, X 5 (after

, Polovinkina .1966, Fig, 256 in p. 290)

8 and 9 — Skeletal quarntz from obsidian, B&remavlka River, Kolyma area, USS(R:
8 taken X 100 and 9 ta.‘ken X 140 (after Lemmlein 1973b, Figs -7 and 8 in

23) -

10—-Maghmwbe from dump, D:onets Basin, Ukranna, X 140 (after Lazarenko & al
1979, Fig. 111a jn p. 28).

11 —Quartz from Triassic clays, ‘Souree -de- la Salz, iAude, Erance, section in
(0001) plane {after Lacroix 1901, Fig. 29 in p. 44)

12 — gz'pemmeri c&)rom the same locartmn etched with HF (after Lacroxx 1801, . Fig.

in p. 111

13 — Quartz phenocrysts from Quartz porphyry, Samshmlvd.o near Thbilisi, Georgia:

v B — fresh crystal, b — globular pariially melted crystal, d — crystal par-
" tially melted’ and subsequently regenera*ted %o subhedral habit {from Bebekhhn

. 1950, Fig. 805 in p. 437, after Lemmlein)
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Crystals may “be also dmtroyed by dlssoluhbn wﬂ:howt chemxca,l reac—
thonis ‘in -undersaturated” magmatic' melf” “die ‘to its ‘incressing temipera-
ture. In this case mo additional mineral phase appears, but. facéte\d
erystals ‘become. rounded or globular (Pl..6, Fig. 13; taken from Betekh-
tin 1950, Fig. 305 in p: 437). The discussed “corrosion”,. here called'‘cor-
rectly fthe ‘partial - melting, may be-also exipedted for olivine crystals if
affected :by inereasing hemperature, but the crystals being ‘products of
partial melting of substance on the crystal edges and  faces shoild get
globular “not dendritic' habit. Presumably,’ traces of ‘partial: melting ' of
olivine crystals may be recognizéd among meteorite olivines (Text-fig. 2),
but -it.is necessary to:rémember the second possibility, that tiny’ faces
on globular erystal may-also for'm due- Jao recrystalllza'tlon -of the c:ry“stal
sphere to ewhedral hafbut - .

a. — globulay crygtal, loca@m unkmemm i(;n,fter Lazacrrenko 1999, Fig,. 35g inv p 254);
b — globular -(:rys‘tal from iron mebeorite;;Krasnoyarslk, Sibena; ¢ <= settion of
the;cglobular scrystal dromy ighony..mneteorite;: . MezoﬂMadm:as,u Huvigady - (ndter. the
excentrie ma:ﬂbg;*n of:the jpner.melt-inclusiop-rich core and.the "euter inclitsion-free
zone, what may be also attributed 4o partial melting of the -crysta'l), d &% section
of. the euhedral” crystal firom chondrite, locatjon-unknown: the .inner. core béaring
glass inclusions is surrounded by the outer m:clusmn-mae rpane Mkconktaﬁt thick-
ness, Ao nelting-yigns . (after, Tschermak & Bevke: 1831: ;b5 Fige9;: Fig. 171,
d = Fig, 10 in p. 812). 2 ;
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Yion ‘of"meﬂ'"i:” 6. serious evolu



PYROCLASTIC QUARTZ 285

qug;m of . phenocrysts. Any suggesfion of jpartial melting. of -phenocrysts
causes, alsq abceptatmn of distinct . temperature increase of. magma.. Both
phenomens, “themagma evolution. and  the., tempera'ture mcrememt s‘h@ul\d
influence strongly the magmatic pmocess, thus such conclu:smtns Jhawve to
be made on the basis of undoubted observations. In this context the
almost ninety-year-old statement’of- Zirkel (1893, p.. 754)-seems to- be
still valid: “The term corrosion has been used oo frequently: surely it
js not justified to see in any morphologlcall me\guulan'ty, in any embay-
ment of crystal the result of external mechanical or chemical deforma-
tion, if anybody does not take 1nto account the possibility of m‘egular
growth’.

MECHANE[SCM oF 'I\HE VlOILC.ANO BRUPTION

Th,e pemfoxmed studﬁes sub'mrtted ev1dence‘s tha‘t pyroclastlc ‘quartz
from. the Lower Gaﬂqomixerous of Kowala in the Holy. Cross Mis crystal-
lized : at: semiperature above. 800°C: from . magma .Tich: in -volatiles, so
that., volcano(es) , which . erupted. .pyroclastic - material: should be highly.
explosive. There is no evidence .that pyroclastic material has:come
either . from, ;one or; from several. eruptions; or -even .from mose that
one:voleano, thus-the following contlusion will' be based on: “the sim-
plest but a little arbitrary pztesmn«phon one VOlcano and onhe erupftnon
iii)'orbed ”by narrow Th range. Sofme quarbz phenocrysts came on. erup-
tion from hquhd magma and they cooled during explosion. from.:800° C
down to << 600°.C in few seconds without’ producing shrinkage bubbles:
in imclutsm'ns Other quartz phenogrysts-cooled slower either-in the vol-
cano,. neck - before explosion . or during’ exiplasion (probably. both. possibi-
lities existed, since various -observid -shrinkage bubbles miight-form in
minutes, -hours and: days).. No overheating ujp -to-temperatures- 'e!mlgm:fu:zm-i
tly exceeding 800° C would be anticipated “when- phenocrysts were under
surface “‘conditions: i.e. under low| pressure before, eruptlon because it
shouid cause ¢ommon d .‘ ;"ta‘tm.n amd Iboﬂmg of inclusions wlmzh are
ndt observed in the studleld c,ryS‘tals o :

There were also parts of rock in the volcano a_h«eady cooled and sub-
mitted, o pmeumatoly‘mc arnd hyd:rdthemmal ac’mv‘rty, pa-obably stron'gly
alterlng volcantic rodks. Gas and gas-ﬂ.lqud mclusmns looking like coeval
with melt ones and formed due .to melt-water soluﬁwn 1m:rmsmb111’hy,,,_
are, not eoeval in. f.act becaus-e of damge pressure- dmfference in- shrinkage
bubb]% of melt inclusions and in gas-liquid inclusions.: In casé of a
coevil : orligin. the ‘pressure should be-very similar: Gas-liqiid inclusions’
with Th = 200°C, if formed at 800°C (coeval with melt, 1nc1uswns)

would ' fequire présence of very high pressu.‘re about 10 ldb when pure
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water filling is assumed (Fisher 1976). Consequently, refilling of ‘melt
inclusions by preumatolytic and hydrothermal solutions- migrating along
fractures formed due 'bo tectonic movemem‘ts dumng eruption us rafher
aoceptable
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INKLUZJE STOPU W EWARCU PIROKLASTYCZNYM Z UTWOROW KARBONU
‘W BROWALI ORAZ PROBLEM KOROZJI MAGMOWEJ :

(Streszczenie)

Przedmiotem pracy jest rekonstrukcja warunkoéw krystalizacji fenokryszialéw
kwarcu, wystepujgeych jako material piroklastyczny w utworach - dolnego karbonu
Kowali w' Goérach Swietokrzyskich. (W oparciu o badania inkluzji stopu krze-
mianowego metoda przechladzania (fig. 1 omaz pl. 1—4) oznaczono temperature kry-
stalizacji ma okolo 800°C i stwiendzono, Ze powinna ona by¢ bliska temperaturze
erupcii. 'Wykazano, e magma byla bogata w skladniki loine, a badajac zawartosé
fazy gazowej poszczegdlnych inkluzji za pomocg metody otwierania ich pod. mi-
kroskopem (pl. 5) stwierdzono odmienny sk¥ad i wiénienie cze$ci lotnych na etapie
magmowym i pomagmowym. Przedyskuiowanie problemu tzw. ,zatok korozyj-
nych” (fig. 2 oraz pl. 6) doprowadzilo do wmniosku, Zze nie $wiadcza one o che-
miczne] korozji magmowej ani o wozpuszczaniu fenokrysztaléw w magmie, lecz
o zaburzeniach ich sieci 'w tralecie wzrostu.
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