








































Stitdie o třÍkavých inlcluzich v žilných křemenech 1 

Obr. 40. Efemen O 
(1600° ). NaJJrostá 
přeměna křemene. 

130 X zvětš., X nikoly. 

Obr. 41. ](řemen VI( 
(1600° ). Anizotropni 

zbylý nepřeměněný 
křemen v izotropnim 

cristobalitu. 130 X zvětš., 
X nikoly. 



NI. Bartuška: 

Obr. 42. ](řemen G 
(1700° ). Náznak 
krystalizace cristobalitu. 
130 x zvětš. 
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Ilpn BLICOHOTCMIIepaTypHoň: o6pa6onrn il<HJJJJI,!X 1rnapI(eB npncyTCTBl!e nopHCTLIX 
BJJJO•IeHHii B CL!pbe 0Ha3bIBaeT 0CII0Bnoe BJIHHI!fle na HaqecTB0 npoJ:(y1wa, ADTOP BII0JII!e 
cocpeJ:(0ToqnJI cnoe BllHMaHne Ha 0I(eH1'Y Tll1IHqm,1x npeJ:(CTaDHTeJieii i I<HJinbIX HBapI(0B 
c T0'IHH 3penrrn 0611.{ero IWJIHqecTna, pa3Mepa H DHJ:(a C0J:(epnmMoro JieTyqnx DIWIO'IeHHň:, 
a HM6HH0 !{al{ B rrepnonaqaJib n0M CL!pbe, TaH ll C 'l'0'll{ll 3peHH/I II0D6J:(8HH/I DI{JIIO'IeHHii rrpn 
HaJibll;HHHp0BaHHil 1-mapI(a, B rrpeJ:(JIOiI'6HHOH pa6oTe npI1B0J:(/ITCH Il03HUHHH C C00TH0III6HHH 
MemJ:(y cupbeM Il npoJ:(yHT0M, II0JiyqeHHb!M rryTeM IIJiaDJI6I!IllI, D TO npe�rn HaH 3aDHCHM0C'l'H 
B03HHHH0BeHHH aDT0P ne IlCCJieJ:(yeT, ,Il;JIII llCCJieJ:(0DaHH/I yrrOMIIHYTOň: npo6JieMaTHHll 6b!JI 
npHMeHeII pHJ:( B3aHMH0 J:(0II0JIH/II0ll{HXCH Me'ť0J:(0D, H0T0pbie 6bIJIH IlCII0Jib 30BaHbl B 0TJ:(6Jlb ­
Ilb!X coo6ru;emrnx I-III. ,Il;m'I imcrrepHM6H'ťaJib IIOň: pa60'l'bl 6r,mo IIOJ:(06paHO HeCH0Jibl{0 
iIUIJIHI,JX ImapI(eB Il3 MeCTOHaXOmJ:(errnií, o IWT0pbIX o6ru;etrnneCTHO, 'ITO J:(a!O'ť pe3H0 
OTJIH'IalOll{Ilí'rCH rrpoJ:(yHT, IIOJiy•rennr,1í'r rryTeM ITJiaDJI6HllH. O6pa31:_\bl o6o3Ha'IeHbl qepe3 
š, G, VK, K. ,Il;JIH cpaBH6HllH an'ťop I{ HllM npn6aBHJI eru;e ropHbií'r xpycTaJib ,  npHMeH/IeMbií'r 
D Ha'IeCTDe TlllIH'IH0ro Cblpbll, J:(a!OII.(ero 'IHC'ťblí'r rrpoJ:(yHT. 

iVIHHpOCIWIIH'IeCHaH 0I\6Hl{a np0B0J:(H'ťCH Ha IIIJIH<pax C II0M0ll{b!O o6bI'IHb!X M6T0J:(0B. 
Ha 0CH0BaHHH pe3yJib'l'UT0B llCCJl6J:(0DaHHH anTopoM DJ,IB0J:(/ITCH CJieJ:(yIOII.(He II03HaHHH: 

1. J!hrneTCH onpeJ:(eJieHHaH 3aBHCHM0CTb HMenH0 MemJ:(y l{0JIH'I6CTD0M, pa3MepoM 11 BHJ:(0M 
C0J:(epmmwro JieTy'IHX DHJII0'JeHHí'r H MemJ:(y Ha'IeC'ťD0M rrp0AYHTa, II0JIY'I6HH0ro IIJiaBJJe­
HHeM. Hao6opo'ť, 6bIJIO ycTaH0DJI6H0, '!TO CTpym·ypa HBapu;a, pa3Mep H opneHTaI(HH M0H0-
HpHC'ťaJIJI0B H J:(HCnepcHH BHJJIO'JeHHí'r He 0I-U3LIBaIOT HHI-UH0ro DJIHHHHJI na Ha'IeC'ťB0 
np0AYH'ťa. 

2. HnapI(bl, )];a!Oll{Ile IIOMY'l'H6HHb!ň: npoJ:(yHT, 'ť. e, VK H K-MOJIO'IHbií'r, HMeIOT 60Jib!IIOe 
IWJIH'JeCTB0 BHJIIO'IeHHí'r, HMeHH0 60Jib!IIOrO pa3Mepa, H0Topr,re J:(0CTHraIOT nem1qnHbI Jl:0 
40-90 µM, H HaH0IIJieHHll J:(0 160 µM, 3alI0JIH6HHbre ra3aMH. ,Il;om1 BHJIIoqeHHí'r C >RHJ:(HHM 
C0J:(epmaHHeM li ypoBHeM HeBeJIHKa Il peqr, J,!Jl:6T npenMyll{eCTBeHH0 o neCbMa ne60Jib!IIHX 
BHpanJierrnrrx, Jl:0 210 (LM, 

3. Hnapl.(u, ):(a10m11e 'IHC'ťbIH rrpoJ:(yKT, 'ť. e. xpycTaJib B H 1-mapl.\ G, nMeIOT B o61I.(eM 6onee 
Hll3K0e H0JIH'IeCTB0 DKJIIoqeHHH C 6oJiee HH3HOÍI J:(OJieň: 60Jib!IIllX ra3oo6pa3HbIX COJ:(epmamu'í: 
H C 6onee BbICOHOií J:(OJieií nop C ypoBHHMH H }IUl):(H0CTblO no cpaBH6HllIO C TeXH0JI0ril'JeCHil 
HeyJ:(o6Hb!Mll IrnapI(aMn, MaHCHMaJibllblli pa3Mep DHJIIO•JeHilII C iIUIJ:(I{OCTblO ):(0CTHraeT 6onee 
BbICOIWH B8JIH'Il!Hbl, T. e. J:(0 10-20 (LM, 

4. C npnDeJ:(eHHbIM C00TH0!IIeIUrnM J:(0 onpeJ:(eJieHHOÍI CTerreHH He cornacyeTCH HBapI\ š,
HMeIOll{IlH Haň:60Jibmee K0JIIl'IeC'l'D0 BHJIIO'JeHHH C ypoBHHMil H BHJIIO'I6HllH J:(0CTHraIOT 
D6JlFl'IllHbI 'l'0JibIW 1-5 (LM, He CM0TPII Ha TO, '!TO ra3oo6pa3HI,Je BIWIO'JeHH/I He60JibIIIH 
I[ J:(0CTHraIOT BeJil1'1HHbI J:(0 40-50 (LM (T, e, MeI!b!IIe no cpaBHeHHIO C HBapI(eM G), 113 rrp11-
De):(eHHbIX II03HaHHl1 BLJTeKaeT npeJ:(O0JI0n<eHHe, '1'1'0 I{Baprr: G C T0'JHil 3peHHll JrnqeC'ťBa rrpo­
AYHTa, nonyqeHH0ro rrnaBJieHHeM, 6onee yAo6eH, qeM HBapI\ S; 3T0 rrponepeHo 11 �paKTHKOň:. 

5. BJIH/IHHe np0H3B0J:(CTBeHH0ro HaJibI(HHi1ponamrn, HCCJie):(yeMoro B cJiyqae 1rnaprr:a š,
MHKp0CK0IIF1qec1rn aaMeTH0 M rrp0HBJlHeTCH B o6ru;eM Il0HHilrnnHH J{OJIH'JeCTBa BHJIIO•IeHHH 
He D03HMHaIOT HMeHH0 6oJib!IIH6 BmnoqeHHH C ra3oo6pa3Hb!M C0):(epmaHHeM, TaH Hal{ Bepx­
HHM rrpe):(eJI pa3Mepa 3aKpb!TbIX nop II0HHmaeTCH c nepB0HaqaJibHb!X 40-50 (LM J:(0 10-25 µM. 
IlOHHmemre J{0JIFl'IeCTBa rrop Bbipa3HT6JlbH0 HM6HH0 B cJiyqae Cl!JibH0 TpelI_\HII0BaTbIX o6pa3-
I\0B, rrpo'ťeprreD!IIHX pe3KHe 'ťepMH'IeCKHe H3MeHeHHH. 

6, Pe3yJILTaTbI na6opaTopHoro HaJILI\HHHponaHHH npH TeimepaType 800-1700 °C 
HMeIO'ťC/I B II0JIH0M corJiaom C II03HaHHHMfl B 0THomeHHil BJIHHIIHH npoH3B0):(CTB6HH0r0 
I<aJibI(HHHp0BaHHH, ,Il;o TeMnepaTypbI 1200 °C B cyll.(H0CTH coxpaH/II0'l'CH 0TJIFl'IH'ť6JibHbie 
3IIairn, THilll'IllbJe ):(JIH rrepB0IIa'IaJib I IbIX o6pa3II;OB. IlpH TeMnepaType BbI!IIe 1200 °C rrepno­
Ha'IaJibHbie 3Hairn cna6eIOT li Ha•rnHaIOT Il0/IBJI/I'ťbC/I H0Bbie pa3JIIl'IHH B CTerreHH rrpenpa­
rrr;eHH/I. Bb111Ie TeMrrepaTypr,1 1600 °C yrroMIIHYTbJe pa3JIIJqnrr IlC'Ie3_aIOT. 

7. IlOHH>ReHHe H0JIHqecTBa rrop cpaBHilT6JlbH0 H6Bblpa3HTeJibH0 J:(0 TeMrrepaTypr,1 HaqaJia 
rrpenparu;emrn BHJ:(0H3MeHeHnH rrna pI\a; cHa qana Hcqe3aroT 6onr,rn11e BKJII0'IeHHe c ra3o-
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o6pa3Hb!M cop;epmaaaeM, T. e. noqn1 TaI{ llie, I<aI{ STO HMeeTCH B cJiy<rae rrpOll3BOACTBeaaoro 
I<aJib II;HH;HPOBaHHfl. HaTeHCHBHOe HC'Ie3aHHe Bl{JIIOqemdi oqenIIAHO cnnaarro C rrporr;eccoM 
rrpenparueaarr nap;oaaMeaeaHH rrnaprr;a a n OTIIOUiemrn I<Daprr;a G II š rrpoTeI<aeT npH Teimepa­
Type BbJIIIe '1200 °C, B OTHOllleHHH I<Baprr;a \TK BbIUie 1500 °C. ,r:i;aJibllle11ruae BHJIIO'Iemre
aaXOAHTCIT B OCTaBllIIIXCH aepaax rrnaprr;ax, B TO npeMH HaH npop;yHT npenparuemrn IIpaI{TH­
'IeCI<H 6ea nop. IlpIInep;eaar,1i,í: nporr;ecc co nceů npanp;errop;o6aocTr,IO cnnaaa c yTeqrwů 
raaonoro cop;epmamrn TperuHaaMH n Tperrr;1rnonaTOM I<naprr;e, c 6oJiee m,rcoHIIM yp;eJir,ar,1M , 
061,eMoM rrpop;yHTa npenpan�eaun FI c 6oJiee Jrenwů p;mpcpyaaeů npop;yI<Ta npenparueaarr, 
peayJir,TaTOM HOToporo MomeT cTaTr, n nepnoii: <Jiaae H aepanaoMepm,111 pacnJian aa Hpanx 
aepeFI rrnaprr;a. B np1rnep;eaaoM TeimepaTypaoM MHTepnaJie aacTynaeT Tarmrn ynemPiearre 
ofrr,ell'ra ra30BI,JX yponneii: 3a C'IeT ,I{Flj_(J{OrO cop;epmamrn, 'lTO H MOIBHO 061,rrcHHTT, qacTH'IHblM
pacTnopemreM nop;rrnoro rrapa n 1rnaprr;e HJIH ero qacTH'lHOH yTe•rnoii rrpn \npeirnnaoM 0T­
Hpr,1THH rropr,r. H nce me orrpep;eJieaaoe HOJIFiqecTBO DeCbMa ae60JII,llIHX BKIO'IJiemrií: OCTaeTCH 
H n noJrne npenparn;eaaoM 1rnaprr;e uocJie 1rnJir,rr;1mnponaaan rrpa TeMrrepaType 1 700 °c.

s,. Ilpenparn;eane aaqrmaeT n6m'13H Tpern;1rn FI Hpaen HpncTaJIJIOB 1rnaprr;a, VK a IIMeaao 
D CJIY'Iae rrnaprr;a š HG C TyMrrepaTyp1>1 '1200°C, D cJiyqae Hnapria VK C TeMrrepnypI,] 1500°C.
II pop;yHTOM npenparn;emrn HDJIITeTcH M1rnpoc1<0nHqec1rn aMopcpaan II H30Tponaarr cpaaa, 
rrpanp;errop;o6no HpHCT06aJIHT C HH3I<OÍÍ: CTerrear,m CTPYHTypaoro yrropHAO'JeHIUI. TOJibKO 
CDI,Jrue TeimepaTypI,J 1700 °C rronnJIHIOTCH xaparnepucTnqecmre MOp<poJiorwrecrme aaamr
I<pHCTo6aJIHTa. 

Puc. 1. Kaaptf VK, yaeJ1u•iemie a 11 paa, nepe1i,peufe1-1,1-1,b1e HU/i,O.!!U. 
Puc. 2. Keaptf VK, IwJ1u•iecmeo 01,J11o•ie1-1,ui1,, yaeJ1u'te1-1,ue a 130 paa. 
Puc. 3. Kaaplf VK, 60.!!bUtlle /Jli,.!!IO•ie1-1,=, aa1wJ1HeHHbie eaaa.Aiu, yae.!!u-itemie a 770 paa. 
Puc. 4. Keapt{, /C-,,wJ1o•t1-tbitl, yee.11,u•ie1-1,ue a 11 paa, nepeI,peUJeHHb1e 1-1,ww.11,u. 
Puc. 5. Kaaptf' K-.MOJ1,0'll·tb1ii, aHa•llll1WJ1,bHoe 1i,0.11,u1iecmao nop, yee.11,u,ie1-tue a 130 paa. 
Puc. 6. Kaaptf K-,IWJ1,01lHblll, nopucmbie aepeeambl, COC!nOJ!ttfÚe UB 60.!!bUlllX (lH,O,lfllJl,bH,bl-X 

(JJ.JIIO•tel-l,Ull C 2lli/006pai1Hbl,ll co8epi1ca1-1,ue,,i, yae.!!ll'teHUe IJ 770 paa. 
Puc. 7. Keaplf K-1mcmb1ll, yaeJ11l1ie1-1,ue e 11 pail, nepei.peufeHHbie 1-1,ui.o.11,u. 
Puc. 8. Kaaptf K-•lllClnbťu, 1-ieaI-ta11wIieJ1bHoe J.OJtu•iecnwo nop, yeeJ1u1ie1-1,ue a 130 paa. 
Puc. 9. Keaplf K-•lllClnbll/., om8e.!!b1 -tbie uao,1iempu11eci.ue 1J1.J11o•ie1-1,uJ1 -c ypollHblO u J1cu81.:ocmb10, 

yae.11,u'teI-rne e 770 paa. 
Puc. 10. Xpycma.!!b B, yaeJ1u'le1-1,ue a 11 paa, nepei.peureI-tHbte 1-1,wwJ1u. 
Puc. 11. Xpycma.11,b B, coace.A-t om8eJ1bHb1e 1J1.J110,ie1-tue, yaeJ1u1te1-1,ue a 130 paa. 
p UC. 12. Keaplf G, ClHO,\t.Cl.11,bHble IJl,.!!101leHue C ypo61-tbl0 u J1cu81wcmblO u 1.UllU.!!JlJ!j)Hble 

1J>.J110•ie1-tuq, yaeJ1wiemie a 770 paa. 
Puc. 13. Kaaplf G, yaeJ1u1ie1-tue e 11 paa, nepe1.pe1LfeJ-tHb1e 1-tui.0J1u. 
Puc. 14. Keapif G, cpe811ee I,0.!!u•iecmao 1J1.J1101ie1-ma, yaeJ1u1ieHue a 130 paa. 
Puc. 15. Kaaplf G, npo80J1eoawnb1e 1JJ.J1101ie1-1,ue cpe81-1.ea aeJ1u•lllHb1 c ypoaHblO u J1cu8i;ocmb10, 

yeeJ1u•ie1-1-ue a 770 paa. 
Puc. 16. Keaplf Š, yaeJ1 ll1teI-tue a 11 pail, nepei;peure1-1,1tbie nuIwJ1u. 
Puc. 17. Keaplf š, I.0J1u•iecmeo 1Jli'..!!I0•1ouu1,, yaeJ1u•te1{ue a 130 paa. 
Puc. 18. Keaplf Š, 60J1buwe 1JKJ1101iem1e cpe81-1,ea aeJ1u•W.l-lbl npeu.,Iiyu1ec11we1-1,1-1,o c eaaoo6paal-lbZ.�i 

co8epi1caHue .. ,i, yaeJtu•tel-llte _ e 770 paa. 
Puc. 19. K_aaplf Š (1.aJ1,blfU1tupoaaH1-ibu"í,}, - yaeJiwienue a 11 paa

,' nepei.peure1t1-tb1e m1IwJ1u. 
Puc. 20. Keaplf Š (1WJ1b!flll·tupoaa1-u-tbll/.), BHa•iwne.!!bl-loe no1-1,uJIceHue IWJ1ll'1ecnwa a1,panJ1emu"i 

llOCJte 1,(lJtblfUHUpoeaJ-tll.'I,, yae.!!ll'leHlle IJ 130 paa. 
Puc. 21. Kaaplf š (i;aJlb!fllHUJJOllaWtblll,), IWC.!!e J.(lJlblfUHll,JJO/Jlll-l!l.'I, coxpawuomC.'1, npeJ1c8e 

acezo 1-le60J1bUtue 1JJ.J110,ienue, yeeJ11t'le1-1,ue a 770 paa. 
Puc. 22. Keaplf VK (1200 °C), yeeJtll'teHUe a 770 paa. 
Puc. 23. Kaaplf G (1200 °C}, yee.!! ll'tel-tUe a 770 paa. 
Puc. 24. Keaplf š (1500 °C}, He60J1burne ex·J11o•ienue coxpa1-imomcJ1 moJ1b1W a Hanpeapauren1-1-o.Ii

/i,/Jll]Jlfe, yee.!!ll'tel-lue a 770 paa. 
Puc. 25. Kaaplf G (1500 °C}, npo8y1.m npeapai4.e1-1,uJ1 no•i,nlll, 6ei1 JtemťtuX IJJ.JHllUeHUll,

yaeJ1u•ie1-rne a 770 pail. _ . 

Puc. 26. Keaplf G (1500 °C}, uaomponHb!l/. 1,:pucmo6aJ1um e mpeUfw-tax u a6J1uau ilepel-l
1.aaplfa, yaeJ1u1ie1-1,ue a 770 paa, nepeI;peuIeHHbte nu1.0J1u.

Puc. 27. K aaplf V K (1500 °C}, coxpaHJ1emcJ1 1iepao1-ta1iaJ1b1-Wst noabiuteH1-iaJ1 nopucnwcmb no
cpaa1-te1-tu10 c G u Š, yeeJ1u•ie1-iue o6'be,,ut ypaeHe1-tui"i, yeeJ1wte1-1,ue a 770 paa. 

Puc. 28. Keapif VK (1600 °C), cyurecnwewioe Iw1-1,uiIce1-1,ue 1J1oJ1I01teHUll IWC.!!e npeapau1eHUJ1 
a 1.pucmo6a.J1um, coxpa1-1,.<1,1omcJ1 11W.!!bl.O 1-1-au.11ie1-tbwue aai.pb1mbl.e nopbi, yaeJ1u•1e1-1,ue 
a 770 paa. 
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Puc. 29. Keaptf G (1700 °C), IWJi,HOe npeepau1-eHue, uct1.eanoeenue nop, yeeJ/,U'ieHue e 770 paa. 
Puc. 30. Keapif V K (1700 °C), IWJ/,HOe npeepau1enue, oíJna,w coxpaHmomcn nau.AteHbUtUe 

aaKpbimb!e nOpbi, yeeJ1,ut1.e1-1ue e 770 paa. 
Puc. 31. Keap!f G (1200 °C), na•WJl,O npeepau1emm, e mpeUfUHax uaompom-1,bu'í. Kpucnw6aJ1,u,n, 

yeeJ1,u•teHue e 130 paa, nepeKpeUfeHHbie HUJ.OJ/,U. 
Puc. 32. Keaptf Š (1200 °C), Ha•taJl,O npeepaw,emm, e mpeufUHax uaomponnbut Kpucmo6aJ1,u,n, 

yeeJ1,u•teHue e 130 paa, nepex;peu1enbie nux;o.q,bi. 
Puc. 33. Keapif VK (1200

0
°G), íJo cux nop 6ea ecnKux npeepaUfe1-iuii, ebico1eoe coďep,,caHue 

e1,J1,1O1iemtii, yeeJl,lť•tenue e 130 paa, nepe1,peu1eHHbie HUJWJ/,U. 
Puc. 34. Keapif G (1500 °C), emopu11,nbie 06J1,o.1inu ,.eap!fa, omíJeMwtbie CUJi,bHbl.At Moe.At 

1,pucmo6aJ1,u11ia, cyu1ecmeeH1-foe yeeJ1,U11enue e 130 paa, nepe1,:peu1enHbie HUl>OJl,U, 
noHuJ1ce1ute nopucmocmu. 

Puc. 35. Keap!f š (1500 °C), noíJ061-tbUl cocmae 1,:a1, (J CJ1,y11,ae G (1500 °C), yeeJ1,U1tenue (J 130 paa, 
nepe1,:peUfťHHb!e 1-llll,:OJ1,U„ 

Puc. 36. Keaplf v J( (1500 °C), npeepau1e1-1.ue I] OlnJ1,U1tlle om š (1500 °C) u G (1500 °C) l1WJ/,bl,;O 
IJ 1-1ea1-1,a•mmeJ1,bl·toii cmenam, yeeJ1,u11,enue 1J 130 paa, nepe1.peUf.eH1-tbie HUJWJl,U. 

Puc. 37. Keapif G (1500 °G), •tucmoe u .1tUJ,poc1.onu11ecnu a..11opginoe aanoMtenue mpeu1un 
.,ie,,cíJy ocnwnw111-tbl-,11. 1wapl{,e,11, yeeJ1,u·•1e1-iue e 770 paa. 

Puc. 38. Keapif G (1500 °G), uaompomtbiii npo8y1.m npeepau1-e1wn, yeeJ1,u•w1-me e 770 paa, 
nepeh:peu1-e1-tHbte l·tll/WJl,ll. 

Puc. 39. Pea1,o 1;puc11utJ1,J1,U•1ec1rn1'í. 1.pucmo6aJ1,wn c 11eu1y1"í11,a,noii cmpywnypoii na noeepx1-1ocmu 
n.1taeJ1,e1-tnoao 1.eap11-a, yeeJ1,u•teHue e 400 paa.

Puc. 40. Keap!f C (1600 °G), /l.OJl,l·toe npeepau1e1-me neap!fa, yeeJ1,u•ie1-1ue e 130 paa, nepe­
,., peu1e1-(,llbl e I (,Uh:OJlll. 

Puc. 41. Keaptf V]( (1600 °C), aHuaompomtbtií ocmaeutuii 1-1enpeepau1e1-11-tbit"í 1.pucmo6aJ1,um, 
yeeJ1,Wte1-tue e 130 paa, nepe1,peu1e1-1,Hue nu1.OJ1,u. 

Puc. 42. Keap!f C (1700 °G), Ha.11.ettaww,q, 1,:pucniet.1tJ1,UBlllfU,'! 1,pucmo6aJ1,u,na, yeMi11ie1-1uc 
e 130 paa. 

STUDY OF VOLATILE INCLUSI ONS IN ROCK QUARTZ 
I. MICRO SCOPICAL EV ALUATION OF ROCK QUARTZ AND POROUS

INCLUSIONS 

Miloslav Bartuška 

De11artment oj the Technology oj Silicates, Ohemical-Technological 
Technical University, Prague 

The presence of porous inclusions in the ra� material is of fundamental significance 
in high-temperaturn processing of rock quartz. The work has been aimed at evaluating 
typical representatives of rock quartz from the standpoint of total content, size and type 
of volatile inclusions in the initial raw material, as well as from that of the behaviour 
of these inclusions in the course of qua.rtz calcination. The purpose was to provide know­
ledge of the relationship between the raw material and the fused product;' the genetic 
relations were not dealt with. The problem was in vestigated by a number of supplement­
ing methods which are reported on in communications I to III. The experiments 
were carried out on. several selected quartz samples from localities known as providing 
markedly different final products. The samples are designated š, G, VK ancl K respecti­
vely. Mountain crystal B, a traditional raw mat erial, has been added for the sake of 
comparison. 

The microscopical evaluation employed polished sections and standa,rd methods. 
The results provided the following findings: 

1. I t  is possible to consider a relation between the content, size and type of volatile
inclusions and the quality of the final product. O n  the cither hand, the structure,. size 
and orientation of monocrystals, as well as the tli spersion of inclusions, have no effect 
on the quality ofthe product. 

2. The ty pes of quartz providing turbid products, i.e. VK and K - comprise lai'e
amounts of inclusions, especially large-size ones of up to 40 to 90 µm and agglomerates 
of up to 160 fJ,m which are filled with gases. The share of liquid-filled cavities and those 
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filled with both gas and liquid is low, and involves for the most part very small inclusions 
from 2 to 10 µm. 

3. The quartzes that provide clear products, i.e. crystal B and quartz G, contain
a generally lower amount of inclusions with a lower proportion of gaseous voids, and 
a higher proportion of liquid-gas and liquid filled pores than is the case of the technolo­
gically unsuitable types. The maximum size of Iiquid-filled inclusions is shifted towards 
the higher value of about 10 to 20 µm. 

4. The above relationship somewhat fails in the case of quartz š, which contains a small
amount of inclusions with gas and liquid that are 1 to 5 µm in size, although even gaseous 
inclusions are not large - (up to 40-50 µm), smaller than in the case of quartz G. The 
results indicate that quartz G will be somewhat more suitable after fusion than quartz š, 
and this has also been borne out in practice. 

5. The effect of operational calcination, investigated on quartz š, is microscopically
discernible ?,nd involves a general decrease in the quantity of inclusions. There is above 
all the elimination of large gas-filled inclusions, whose upper size limit decreased from 
the original 40-50 µm down to 10-25 µm. Disappearance of the pores is especially 
marked on the more strongly cracked samples which have apparently undergone rapid 
changes in temperatw·e. 

6. The results of laboratory calcination at 800 to 1700 °C are in agreement with the
findings on the effect of production calcination. The differentiating features, typical for 
the original samples, are on the whole maintained up to 1200 °C. They are gradually 
eliminated above 1200 °C and new differences in the transformation degree are arising. 
The latter likewise disappear above 1600 °C. 

7. The decrease in the number of pores is relatively slow up to the initial quartz
transformation temperature; the first to become extinct are the large gas-filled inclusions, 
similarly to production calcination. Extensive extinction of the inclusions is obviousl,y 
in connection with the quartz transformation process; in the case of quartzes G and S 
it takes place above 1200 °C, and in that of quartz VK above 1500 °C. The remaining 
inclusions are concentrated in the remaining quartz grains, whereas the transformation 
product is virtually free of pores. This process probably involves escape of the gaseous 
pl!i.ase through the gaps in cracked quartz, the larger specific volume of the transformation 
product and the easier diffusion of the gas through the transformation product which 
in the first phase may even involve a non-equilibrial melt at the quartz grain boundaries. 
The volume of the gaseous bubbles in the liquid-filled pores also increases at the expense 
of the liquid filling; this can be explained by partial dissolving of water vapour in quartz 
or its partial escape through the temporarily open pores. However, a small amount of 
the very fine inclusions remain unaffected even in the completely transformed quartz 
following calcination at 1700 °C. 

8. The transformation starts along the cracks and crystal boundaries, above 1200 °C
in the case of quartz š and G, and above 1500 °C in the case of quartz VK. The transfor­
mation product comprises a microscopically amom·phous and isotropie phase, probably 
cristobalite at a low degree of structural arrangement. The characteristic morphological 
features of cristobalite arise only above 1700 °C. 

Fig. 1. Quartz VK, magn. 11 X, crossed nicols. 
Fig. 2. Quartz VK, the amount oj inclusions, magn. 130 X. 

Fig. 3. Quartz VK, Large gas-filled inclusjons. Magn. 770 X. 

Fig. 4. Quartz K - milky, magn. 11 X, crossed nicols. 
Fig. 5. Quartz K - milky. Oonsiderable content oj pores. Magn. 130 X.

Fig. 6. Quartz _K - milky. Pore aggregates composed oj large frregular gas-filled inclusions. 
Magn. 770x. 

Fig. 7. Quartz K - clear. Magn. 11 X, crossed nicols. 
0 

Fig. 8. Quartz K - clear. Minute parasity. Magn. 130 X.

Fig. 9. Quartz K - clear. Sporadic isometrie inclusions with gas-liquid fllling. Magn. 
770x. 

Fig. 10. Orystal B, magn. 11 X, crossed nicols. 
Fig. 11. Orystal B, quite sporadic inclusions. M agn. 13 O X . 

Fig. 12. Quartz G, irregular gas-liquid and liquid-filled inclusions, and capillary inclusions. 
Magn. 770x. 

Fig. 13. Quartz G, magn. 11 X, crossed nicols. 
Fig. 14. Quartz G. Medium amount oj inclusions. Magn. 130 X.
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Fig. 15. Quartz G. Elongated medium-size liquid-gas and liquid-fllled inclusions. Magn. 
770x. 

F'ig. 16. Quartz Š, magn. 11 x , crossed nicols. 
Fig. 17. Quartz Š. Oonsiderable amount oj inclitsions. Nlagn. 130 X. 

Fig. 18. Quartz Š. 111 edium-sized inclitsions, mostly gas-fllled. M agn. 77 O X . 
Fig. 19. Quartz � (calcined) magn. 11 X, crossed nicols. 
Fig. 20. Quartz S ( calcined). PerceJJtible reduction oj inclusion content due to calcination. 

Magn. 130x. 
Fig. 21. Quartz š (calcined). Above all min01· inclusions remain ajter calcination. 1l1agn. 

770x. 
Fig. 22. Quartz VK (1200 io). Magn. 770x. 
Fig. 23. Quartz G (1200 °0). Magn. 770 x.

Fig. 24. Quartz š (1500 °0), Fine inclucions remain only in non-transjormed quartz. 
Magn. 770x. 

Fig. 25. Quartz G (1500 °0). The quartz trarJ,sjormation product is almost jree jrom volatile 
inclusions .. Magn. 770 X. 

Fig. 26. Quartz G (1500 °0). Isotropie cristobalite in gaps and arouncl quartz crystals. 
Magn. 770 x, crossed nicols. 

Fig. 27. Quartz VK (1500 °0). The original higher porosity exceeding that oj G and š 
retained, gas bubbles increased. Magn. 770 x.

Fig. 28. Quartz VK (1600 °0). Oonsiderable loss oj inclusions jollowing transjormation 
to cristobalite. Only the smallest inclusions remain. Magn. 770 X. 

Fig. 29. Quartz O (1700 °0). OomJJlete transjormation, elimination oj pores. Magn. 770 x.

Fig. 30. Qitartz VK (1700 °0). Oomplete transjormation, the smallest inclusions retained. 
Magn. 770x. 

Fig. 31. Quartz G (1200 °0). Initial transjormation, isotropie cristobalite in gaJJs. ll1agn. 
130 X, crossecl nicols. 

Fig. 32. Quartz š (1200 °0). Initial transjormation, isotrovic cristobalite in gaps. 111agn. 
130 x , crossecl nicols. 

Fig. 33. Qitartz VK (1200 °0). So jar jree jrom signs oj transjormation, high inclusion 
content. 111 agn. 13 O X , crossed nicols. 

Fig. 34. Quartz G (1500 °0}. Seconclary quartz jractions separated by a thiclc cristobalite 
layer. M_,agn. 130 x, crossecl nicols. Substantially reclitcecl porosity. 

Fig. 35. Qitartz S (1500 °0). Similar comvosition to that oj G (1500 °0). Magn. 130 x,

crossed nicols. 
Fig. 36. Quartz VK (1500 °0). As comparecl with š (1500 °0) ancl G (1500 °0) the 

conversion extremely slight. lltf.agn. 130 X, crossecl nicols. 
Fig. 37. Quartz G (1500 °0). Clem· and microscovically am01plwus fllling oj the gavs 

between residua/ quartz. 111agn. 770 X. 

Fig. 38. Quartz G (1500 °0). Isotropie transjormation procluct. Magn. 770 X, crossed / 
nicols. 

Fig. 39. 111arlceclly cristalline cristobalite oj scale stmctitre on the sit1face oj jitsecl quartz. 
Magn. 440x. 

Fig. 40. Qitartz G (1600 °0). Oomplete transjormation oj quartz. Magn. 130 X, crossecl 
nicols. 

Fig. 41. Quartz VK (1600 °0). Anisotrovic resiclital non-transjormecl quartz in isotropie 
cristobalite. Jlllagn. 130 X, erossecl nicols. 

Fig. 42. Quartz G (1700 °0). Traces oj cristobalite cristallization. Magn. 130x. 
1 
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