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JAN KANTOR — KAROL ELIAS®

THERMOVACUOMETRIC IMPULSE APPARATUS FOR THE STUDY OF
THERMALITY ACCORDING TO LIQUID—GAS INCLUSIONS

(Fig. 1-7)

Peawsme: B craree omuceipaercs TepMOBAKYyMHAA MY ibCHAS ANEAPATY Pa,
KOTOPAA XAPURTEPUIYETCA BHICOKOH YYBCTBHTENBLHOCTBIO I MAJBIM KOJHYECTEOM 06-
pasua, weobxomumoro ans ananusa. Pesyawrarel, noayuemnse taxis obpaacs cpas-
HILIAOICA C PesyibTaTaMil TEPMOAKYCTHMECKOTO I TEPMOBAKYYMHOIO WHTErPaLHOH-
nero npubopa.

Abstract: The authors deseribe the thermovacuum impulse  apparatus
whose advantage is in its high sensitiveness and in requiring just small nmount
of samples for one analysis. Presented is also o comparison between the results
obtained by this method with those offered by thermoacoustic and  thermo-
racuum integeation deviee,

In Czechoslovakia the study ol gas-liquid inclusions in minerals wis neglected for
quite a long time. So it was in other countrics, Fipst steps in this respeet were done
in the fifties (J. Konta 19500

Systematic investigations conneeted also with methodie problems were mostly earried
oul in Dionyz Stie Institute of Geology in Bratislava,

The investigations started with the examination of gas-liquid inclusions in various
minerals by the method of homogenization on the heating microscope. In case of oo
small inelusions bevond the resolution power of (he microscope mentioned. applivd
was i special microthermocamera constructed by one of the authors (J. Kanto .
The microthermocamera Tacilitates examination of inclusions by short-focal objective.

Because ol restricted applicability and some disadvantages of the homogenization
method by the heating microscope (opaque minerals. generally small inclusions in
West Carpathian deposits. low operating capacity o, o) introdueed was the decrepita-
tion method based Tiestly - on acoustic principles —  the so-ealled  thermo-ncoustic
method (Ko FTias 19620 Tis advantages and some — quile serions shortcomings
which cannot be removed i the acoustic principle is 1o he presermved — apee generally
known. For this reason we have construeted thermometrie deviees based on recording
pressure changes al decrepitation of gas-liquid inelusions in oo vacuun,

Constructed were two variants of sueh thermo-vacuum deviees: 1. oan inlegralion
deviee (K TEA S 19630 1969, and 2. an impulse deviee,

I. In the first one due to deerepitation of inclusions in an evaceusted elosed spaee e
pressure gradually inereases which appears o the temperature-vacunm record o the
form ol o bend.

The deviee may provide quite an objective pattern of the total volume of aas-liquid
mclusions in the samples examined. The Fact is considerably important Tor the study
of hydrothermally metamorphosed zones. or o the so-called  primary and secondary
dispersion avnreoles sensu NP ermakos (1966, and. consequently in prospecting
for hidden and buried deposits ol mineral resonrees. parhicularly ol hvdreothermal
origin L Kantor — K. FTiad 1962,

Ine, BNDe Jo IWantor. CSen BN . Elia 5 LSe.. |H:m‘\'/_ Suir lostitute of
Gieology, Beatisliova, My nska dol. 1.
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The relation of the vacuum to the heating tlemperature may be also recorded during
continuous drawing-off gases from the system. At such an arrangement it is, however,
impossible o measure the total volume of gas (and liquids) released. but the maximum
of decrepitations is more conspicuous than in parts with sporadical ones.

Naturallv. by the integration deviee cannot be distinguished degazation by decrepita-
tion of gas-liquid inclusions Trom degazation by adsorbed humidity or by decomposi-
tion of minerals contaming water in any form. even il they are present in small
amounls.

2. Thermovacuum impulse deviee. We constructed the deviee in 1968 and sinee then
it has been systematieally applied for paleothermometrie investigation in Dionvz Star
Institute of Geology. Tts parametres are favourable. and quite & number of laboratories
in Czechoslovakin and abroad asked Tor information on ity construetion. Because of
increasing interest on the part of specialists dealing with thermometry of liquid-gas
inclusions we have decided to publish the dates on the apparatus. Records of pressure
changes in thermovacunm impulse deviee are made by highly sensitive ionization
vacuum gauge. This one — owing 1o continuous evacualion of the entive system  al
1077 — 1075 e g — vecords pressure changes caused by deerepitation of gas-liquid
inclusions in o way different from recording degazation caused by the above mentioned

Factors. The individual deerepitations are recorded as pointed maxima (fig. 1) whose
height is a function of size. and Trequeney — of the amount of gas-liquid inclusions.

Degazation of non-impulse character. if weak. is due Lo continuous evacuation nol
recorded at all. Strong degazation causes o deviation of the zevo level Trom the tempe-
rature axis proportional 1o ils size.

The main advantage of the deviee is its high sensibility and thus also the unpreten-
tiousness with regaed 1o the mmount of the sample, While 0.5=2 g of sample are needed
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Fiw. 1. A thermovacuum impulse deerepitogram for sphalevite with o mass decrepitation
inclustons beginning at about 230 °C,
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Fig. 2. A schematic sketch of a thermovacuum g
mmpulse apparatus. 1 — quartz test tube with
sample, 2 — _furrm(‘c, 3 — temper > reg s $ —
lator, 4 container of samples, 3 — cold treap, I
i — wvacuum container, 7 — vacuum pump,

8 — vacuum gauge with thermocouple, Y —
vacuum gauge 10 — ionization vacuum gauge, 8| Z_
q:
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Il — gauge, 12 — registration deviee.
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for one analysis with the thermoacoustic and thermovacuum inlegralion apparalures
the necessary amount drops to several mineral grains only. of 15—=20 mg weight for
the thermovacuum impulse device. Deerepitations ol inclusions of few microns in size
can be recorded by this deviee.

The device constructed independently in our laborators is thus based on similar
principles as that of Ju. A, Dolgoyv (1965, 1963).

A sehematic sketeh of the thermovacnum impulse apparalus is in fig. 20 The general
view of the apparatus is in lig. 3. All devices belonging to the apparatus are Czecho-
slovak serial products. exeept the electronic regulator of temperature and the Turnace
which have been constructed by Jan Lux al Dion¥z Star Institute of Geology, The
rate ol heating s eligible hetween 10 and 30 °C'1 min. The container may inelude

L1 samples which — alter certain overheating of the precoding sample mav he one
ial f - .

alter the other. without break of the vacuum inserted in o quartz lube used for hea-
ting. Operating capacity of the apparatus is S—10 simples per one working shilt.

A comparison of integeation thermovaeuum records with the impulse records shows
that degazation al lower temperatores may e crroncously regarded as decrepitation
of gas-liquid inclusions. which actually commences al higher temperatures. [ is best

seen on deerepitation thermovacuum records on pyrite (fig. 4) In the integration way
Hower curve) considerable degazation appears already at about 60 °C and inereases 1o
approximately 270 °C. From that temperature up 1o aboul 380 °( degazation abruptly
vises which already indicates decomposition of the mineral, When evalualing the record,
the region areound 3800 °C might be regarded as Tormation — temperature of  the
mineral. As temperature of Tormation is usually considered he beginning o o mass
decrepitation of gas-liquid inclusions. Degazation at lower lemperatures (60—=70 °C) is
usually aseribed 1o decrepitation of Secondary inelusions. The impulse record (upper
curve) shows that deerepitation of gas-liguid inelusions corresponds 1o the lemperature
of about 270 °C i . to the less intensive degazation.

Integration records (of some carbonates and sulphidest display somelimes 1wo or
more maxima (lower cueves fig. 5) that may be aseribed (o various generations of
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3000 weneral view of the thermaova

e apparilus,

gas-liquid inclusions. The lower thermal maxima corresponds usually 1o secondary
inclusions. \n analvsis of the same mineral by impulse way g G upper curvel shows
that the fest maximum is due o degazation ol non-impulse charneter only, The next
maximum corresponds 1o decrepitation of gas-liquid inclusions combined with non-im-
pulse degazation. because the amount of decrepitations vegistered in the fmpulse record
cannol cause such o great deviation Trom the tlemperature axis,

An analvsis of hvdeothermal quaretz by impulse method shows that by heating above
H70—=580 °C almost no impulses appear on the vecord. Consequently, we  suppose
that owing to rearrangement of the e

sonal lattiee 1o hexagonal at a—lﬁ transformation.
almost all non-decrepitated cas-liquid inelusions release their content. Furether heating
does therelore notproduce sienilicant  decrepitation. The supposition was tested by
heating  pegmatite quarlz, Desides abondant secondary. comparatively low-thermal
inclusions, it also contained primars, mostly gascous inelusions. The graph enclosed
(Mg, 6. shows only seldom degazation of impulse character above the temperature of
o — @ teanslormation up 1o 800 °CoThat Teads us 1o the assaumption that deerepita-
tions™ recorded by thermoacoustic and  thermovacuum integration apparatuses above
the temperature guoted mostly do not owe their orvigin 1o openings ol gas-ligquid
mclusions.

For tllusteation we present vesults of investigations on hydrothermal quartz Trom the
subvoleanic-polvimetallic deposit Banska Stinvniea, With vespeet 1o ils properties (e
Lk of eleaviae

abundant inelusions, possibility of optical control. stability on heating.
feequent vein-lilling mineeal'. quartz is mostly used in paleothermometrie research by

all existing thermometric methods based on gas-ligquid inelusions. The homogenization
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Fig. 4. Theemovacunm deerepitogeams for pyrite, | — integration decrepitogram, 2 — impulse
decrepitogram.

100 200 300 400°C

Fig. 5. Theemovacuum deerepitogram Tor ealeite, | — integration deceepitogram, 2 — impulse
decrepitogram.
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Fig, 6. Thermovacuum impulse deerepitogeam Tor quartz Trom pegmalite,
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method although frequently applied. is limited by the size of the gas-liquid inclusions.
Jarticularly in the vein quartz from the West Carpathians they are often below the
resolution ability of the heating microscope.

Deerepitation methods, and particularly the thermoacoustic ones are widely applied
in  thermometrical investigation concerning  quartz. The greatest  drawback of the
method is that sccondary inclusions cannot be differentinted from the primary ones,
the relationships between them being often extremely complicated due to multistadial
evolution of hyvdrothermal deposits. Another drawback is in decrepitation temperatures
considerably surpassing homogenization temperatures. This Tact is due to o compara-
tively low sensibility of the existing thermoacoustic apparatuses, as well as o the
weak acoustic effect of inclusions decrepitating close to the surface of the grains
which cannol be rvecorded on deerepitograms. Decrepitations of deeper placed inclusions
is more intensive, but in this case a considerable overheating is necessary. Modifying
arain size according 1o the size of inclusions causes damaging many inclusions and
diminishes intensity ol acoustie effects at decrepitation,

The thermovacuum decrepitation method also lacks recognition ability of inclusions
according 1o their genesis: still-owing 1o great sensibility it is much more suitable for
thermometrie study of vein quartz.

The vein quartz from the Stinvniea — Hodroda area examined contained abundant
two-phase inclusions. mostly ol irregular shape, Tubular, and negative-ceyvsial shape
inclusions were inlrequent. The size ol inclusions varied from 0.05 mm 1o aboul
0.22 mm. In this quartz homogenizalion lemperatures varied ina wide interval belween
120 and 330 °C (Mg, 7) with the maximum between 220 and 280 °C.

In thermoacoustic analysis the quartz displaved rather low intensity and frequeney
ol decrepitations. Searee extremely weak decrepitations were recorded in o wide inter-
val between 130 and 300 °C0 A mass deerepitation ook place in the range of 260 1o
60 2.

Mueh lower temperatures were found by thermovacuum integration analyvsis, Slight
degazation commences  as carly as approximalely 60 °C: which corresponds  mosl
probably 1o release of the content by inclusions displaving — due 1o crushing certain
micro-capillary conneections 1o the surface of the grains. This background degazation
may be lowered by long-lasting storage of prepared grain Tractions in o high vacuum
svatem. Medium degazations hetween 100 and 200 °C most frequently appeared at
a temperature of TA0—=160 °C. A more intensive degazation commenced as early as
180 °C and reached its maximum at about 270 °C,
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requeney dingrams of decrepitation temperatures. | — thermoacoustic, 2 — thermovacuum
ions, 3 — thermovaconum impulse {and of homogenization temperatures) 4 — of gas

liquid inelusions in quartz from some veins in the Stiavniea — Hodruda arca. (Numerals

brackets indieate number of inclusions measured by the homogenization method).
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By the thermovacuum impulse method measured were decrepitation temperatures
within 220—320 °C with their maximum about 270 °C. Scarce and weak decrepitations
were recorded also above 100 °C; most frequently about 130 °C. Partially they corres-
pond o low-temperature primary. and partially to secondary ineclusions.

A comparison of frequeney diagrams of decrepitalion temperatures for quarlz from
several veins of the Stiavnica — Hodru$a area (lig. 7) shows that closest to the homo-
genization lemperatures are decrepilalion lemperatures obtained by thermovacuum
impulse and IIIIE‘I'“‘I‘llIl:‘ll methods (intensive  degazalion) whose [requency maxima
exceed only by 20 °C the maximum of the homogenization Lemperatures.

The frequency maximum of thermoacoustie decrepilation lemperatures surpasses by
60°°C the homogenization temperature, Consequently in the thermometrie study more
suitable are thermovacuum methods. and particularly the impulse method because of
its high sensibility and ability of recognition of degazation cansed by decrepitation of
was-liquid inclusions.

A brief summary

The example quoted are to point out to eertain advantages of the thermovacuum
impulse method among which belongs the fact. that the results obtained are closest 1o
those obtained by the homogenization method. Briel information is given on the jm-
portance and applicability of individual methods. and on the necessity ol considering
the reliability of the results in ease that they were oblained by only one method.
Presented are also some data on the thermovacuum impulse apparatus,

Translated by K JASSINGEROV A,
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