SBORNIK NARODNIHO MUSEAv PRAZE

ACTA MUSEI NATIONALIS PRAGAE
Vol. X. B (1954) No. 4 Mineralogia No. 1

REDAKTOR IVAN KLASTERSKY

J. KOURIMSKY, V. SATAVA:
PRISPEVEK K URCOVANI NEROSTU SKUPINY SERPENTINU
A CONTRIBUTION TO THE QUESTION OF THE DETERMINATION
OF MINERALS OF SERPENTINE GROUP

PRAHA 1954

NAKLADEM NARODNIHO MUSEA V PRAZE

V GENERALNI KOMISI MATICE CESKE, PRAHA 11-1700, VACLAVSKE NAM.



JKOURIMSKY, V. SATAVA:
Prispévek k urcovani nerosti skupiny serpentinu
Elie o onpefeneHun MUHEPAIIOB IPyIIbl CEPIETHHA

(Predlozeno 28. IV. 1954)

O nerostech ze skupiny serpentinu byla jiZ uvefejnéna velkd rada
praci, z nichz novéjsi se zabyvaji zejména otdzkou struktury a zmén,,
které tyto nerosty prodé€lavaji pri zahtivani. Vysledky praci ukazaly, Ze
existuji pouze dva nerosty, antigorit ia chrysotil, liSici se svymi fysikal-
nimi vlastnostmi a vétSinou i vzhledem. Ostatni nerosty této skupiny,
oznafované mnohdy raznymi nazvy, je nutno pokladat pouze za jejich
variety, pfip. i za synonyma.

Pod nazvem ,,antigorit” uvadi vétSina autord makroskopicky lupe-
nité variety serpentinu, jako bementit (z¢&asti), bowenit, marmolit, pikro-
lit, schweizerit (z€éasti), thermofyllit a j. Za ,,chrysotil” se pokladaji
vlaknité odridy-jako ku p¥. bementit (z€asti), metaxit, pikrosmin, schwei-
zerit (z€asti), webskyit, williamsit a j. Nazvem ,,serpentin” v uzsim slova
smyslu byvaji pak oznacovany jeho kusové variety, jako barettit, der-
matin, enofit, hydrofit, iddingsit, ofit, pyknotrop, schweizerit (z€é&sti),
vorhauserit atd.

Z novych praci, zabyvajicich se strukturou serpentinovych nerostd,
je patrno, Ze vnitfni stavba antigoritu i chrysotilu je velmi podobné (lit.
32, 41, 40, 26). Ze mezi ob&ma nerosty neni podstatnéjsich strukturnich
rozdild, je patrno i z jejich rontgenograma, které se od sebe prakticky
neliSi. To plati zejména pro praskové diagramy, kterych se nejCastéji
pouziva pti béZzném urcovani nerostd pomoci rontgenu. Za mnohem bez-
pecnéjsi prostredek k urcovéani je proto mozZno pokladat metodu dife-
rencni thermické analysy, pfi niZ chovani obou nerostl této skupiny je
razné.

Ukolem této préce bylo, pfezkouSet do jaké miry je moZno spoléhat
pfi urCovani nerostd ze skupiny serpentinu na vysledky thermickych
analys. Proto byly zkouméany rizné nerosty této skupiny z nejraznéjsich
svétovych nalezist. Ve vSech ptipadech byly vysledky thermické analysy
ovérovany stanovenim optickych konstant, zejména indexl lomu. De-
hydrata¢ni studie byly pfi tom provedeny metodou diferenéni thermické
analysy.

Vysledky thermickych analys ukazuji dva typy nerostd; chrysotil
jevi dehydrata¢ni minimum pfi 680—7000C, antigorit teprve pfi 780—
—8000C. Za dehydrataci nasleduje u obou nerost@ krystalisatni maxi-
mum, odpovidajici tvorbé olivinu, a to u chrysotilu ponékud niZe (800—

¥
(34



—810 0C). U antigoritu je méné vyvinuté a byva posunuto az na 8§20—
—840 °C.

Stejné dehydratacni minimum jako u chrysotilu bylo zjiSténo u hyd-
rofitu (Taberg), pikrosminu (Sverdlovsk), vorhauseritu (Val di Fiemme)
a marmolitu (v8echny zkoumané vzorky). Antigoritové dehydrataéni mi-
nimum maji téz nerosty: pikrosmin (Greiner), barettit (Traversella), an-
tigorit (Dobs&ind), antigorit (Val Antigorio) a pikrolity (Taberg a Prisel-
nice). Kromé toho se vyskytuji nerosty, jevici obé dehydratacni minima
s ruznou pemeérnou velikosti: webskyit (Amelose), v némz pirevazuje
antigorit, williamsit (Lancaster Co.) rovnéz s prevahou antigoritové sloz-
ky, dale pyknotrop (Waldheim) a pikrolit (Slatinka), v némz prevaZujie
chysotil, a metaxit (Letovice).

Tyto vysledky diferenénich thermickych analys byly ovéfovany ur-
Cenim optickych konstant viech uvedenych nerostili:

Hydrofit — vlaknity — Taberg (Smaéland), Svédsko: Thermicka ana-
lysa, optické konstanty i vzhled dokazuji, ze jde o chrysotil.

Pikrosmin — vlaknity — Sverdlovsk (Ural), SSSR: Thermicka ana-
lysa, optické konstanty i vzhled dokazuji, Ze jde o chrysotil.

Vorhauserit — kusovy -— Val di Fiemme, sev. Italie: Z vysledku
thermické analysy je patrno, Ze jde o chrysotil. Vzhledem k tomu, Ze
v mikroskopu je tento nerost témé¥ opakni, nejsou indexy lomu sméro-
datné.

Maormolit: 1. kusovy — Mornshausen (Hessensko), Némecko,

2. listkovity — Reichenstein, Polské Slezsko,
4, vldknity — Staten Island (New York), USA.
3. vlaknity — Lizard Peint (Cornwall), Anglie,

Thermické analysy i optické konstanty dokazuji, Ze nejde ani v je-
diném z uvedenych pfipadl o antigorit, ke kterému byva marmolit pfi-
razovan (38), nybrz Ze jde o chrysotil.

Pikrosmin — tabulkovity — Greiner, Zillertal (Tiroly), Rakousko:
Z vysledkt thermické analysy i z optickych konstant je patrno, Ze na roz-
dil od pikrosminu ze Sverdlovska nejde o chrysotil, nybrz o antigorit.

Barettit — paprséity — Traversella (Piemont) sev. Italie: Thermicka
analysa i optické konstanty dokazuji, Ze jde o antigorit.

Antigorit — kusova smés antigoritu a chrysotilu se znacnou pie-
vahou antigoritu — Dobsind, Slovensko: Thermické analysa i optické kon-
stanty dokazuji, Ze jde o antigorit. Ziskané indexy lomu jsou vSak znaC-
né nizsi, neZ primérné hodnoty antigoritu. OdliSnost konstant je ziejmé
zplUsobena znaénym stupném zveétrani.

Antigorit — lupenity — Val Antigorio (Piemont), sev. Italie: Pokla-
dén za typicky antigorit.

Pikrolit: 1. lupenity — Taberg (Sméland), Svédsko;

2. lupenity — Pfise¢nice, Cechy.

Vysledky thermickych analys, optické konstanty a z vEtSi ¢asti
i vzhled dokazuji, Ze jde o antigorit.

Webskyit — kusovy — Amelose (Bindenkopf), Némecko: Thermicka
analysa nasvédCuje tomu, Ze jde o smés chrysotilu a antigoritu s pfeva-
hou antigoritové slozky. Presné urceni optickych konstant neni mozné,
patrné jde o smés témétr mikroskopickych krystalk obou nerosta.
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Williamsit — kusovy — Lancaster Co. (Pennsylvania) USA: Podle
thermické analysy jde o smés antigoritu a chrysotilu s pfevahou anti-
goritu. Tomu nasveédéuji i optické konstanty.

Pyknotrop — kusovy — Waldheim (Sasko), Némecko: Podle ther-
mické analysy jde o smés antigoritu a chrysotilu. V mikroskopu je patrno,
Ze jde o velmi nehomogenni smés, ve které prevlada serpentin. Zméiené
indexy lomu neuspokojuji.

Pikrolit — vlaknity — Slatinka u Letovic, Morava: Thermicka ana-
lysa dokazuje, ze jde o smés chrysotilu a antigoritu s pfevahou chryso-
tilu. Optickym vyzkumem byla tato skute€nost potvrzena, i kdyz zcela
bezpeéné byly urceny pouze indexy lomu chrysotilu.

Metaxit — kusovy — Letovice, Morava: Thermicka analysa dokazuje,
Ze jde o smés chrysotilu a antlgorltu Obé slozky byly urceny i mikrosko-

picky.
Diskuse vijsledkii:

Z uvedenych vysledkd je patrno, Ze urcovani nerostl ze skupiny
serpentinu pomoci diferenéni thermické analysy je moZno pokladat za
zcela bezpetné. Vysledky /déale ukazuji, Ze makroskopicky vzhled neni
vzdy zaruCenym kriteriem pfi rozliSovani antigoritu a chrysotilu, i kdyZ
antigorit byva vétSinou lupenity az tabulkovity a chrysotil vldknity aZ
stébelnaty. Zcela kusové agregéty, oznacované dosud vétSinou jako ser-
pentin v uz§im slova smyslu, je v mnoha pripadech moZno rovnéz zaradit
do nékteré z obou podskupin. Nazvu serpentin v uzSim slova smyslu do-
poruCujeme proto nadale pouzwat pouze pro smeési obou nerostd bez

ohledu na makroskopicky vzhled i zpisob vyskytu.
' *

O MunHepasnax 3TOH I'pynnbl OMyGJAHKOBAHO GOJBIIOE KOJIUUECTBO pa-
60T. B HOBeHmux 0c060e BHUMaHHE IOCBSIIEHO BOIPOCAM CTPYKTYpP H
TepMHUUECKUX HM3MEHEHUH 3THX MHHepaJoB. B pesyiabTare ycTaHOBIEHO
CyL1eCTBOBaHHE TOJBKO JBYX MUHEPAJOB aHTUIOPUTA U XPHU3OTHUIA, KOTO-
pBle OTJMYAIOTCS KaK (DU3MUECKUMHU CBOMCTBAMH TaK H CBOUM T'aGHTYCOM.
OcranbHble MHHEpaJabl 3TOH TPYINBl pa3HOOOPA3HBIX HA3BAHUHU CleLyeT
CUHTATh JHIIb PAa3HOBUIHOCTAMH, HUIH CHHOHHMAaMHU.

DoMBbIIMHCTBO HCCrenOBaTeNed K «aHTUTOPHTY» OTHOCHT IIJIACTHH-
yaTble Pa3HOBHUAHOCTH CEPHEHTHHA, KaK OeMeHTUT (JacTHUYHO), OOYEHHT,
MAapMOJIHT, NUKPOJUT, IIBeHLUepUT (YACTHUHO), TEePMODHUMIUT U T. I
K «xpuzoTuny» OTHOCAT BOJIOCHCTBHIE DAa3HOCTH CEpPHeHTHHAa, KaK Ha-

npumMep — OeMeHTUT (YaCTHUYHO), METaKCHUT, NHKPOCMHH, LIBEHLEPHT
(yacTuuHO), BEOCKUUT, BUMIUAMCAT H Jp. COOCTBEHHO <«CE€pPIEHTHHOM>»
CYMTaeTcss MacCUBHAsi PasHOBMHAOCTb, KaK HampuMmep — OaperTHT, Aep-

MaTHuH, 9HODHUT, TUAPOMUT, HUIJUHICUT, ODHUT, TIUKPOTPOIN, IIBEHIEPHT
(uactnyHo), opxay3epuT U T. I.

M3 HOBBIX paboT, MOCBSIIEHHBIX CTPYKType MHHEpPATOB I'PYIIBI Cep-
NMeHTHHA, BHIHO, YTO BHYTPEHHeE CTPOeHHWE AaHTUIOPHTAa H XPH30TH/IA
oueHb cKogHO (quT. 32,41, 40,26). Ha orcyTcTBHE CKOJBKO JMHOO BaXHBIX
pasnuunil B CTPYKTYPE YKA3bIBAIOT UX PEHTTeHOTPaMMbl, KOTOPbIE IIPaKTH-
YeCKH MOUTH He PazinyUMbl. OCOOEHHO XOPOIIO 3TO HJIIOCTPHPYIOT ‘II0-
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poIIKOrpaMMbl (ZebaerpaMMbl) 3THX MHHEpanoB. BoJjiee HaAJEKHBIM CIIO-
co6oM ompeJieneHusl X ABadeTcs JUddepeHHANbHBIH TepPMUUYEeCKHE aHa-
JH3, IPU KOTOPOM 00a MHHApaJ/a 3TOH T'PYHNIbI BeIyT ceOs PasauyHO.

3anxauedt mpexpjgaraeMoi paGoTel, OblIA NPOBEPKA IO KaKOH CTENeHH
MO2KHO I10JIarathCd IIPH ONpeJeJeHHH MHHEpPaJOB TI'PYNNbl CepIeHTHHa
Ha Pe3y/abTaTbl TePMHUYECKHX aHAMU30B. /[lig PpelleHuss 3TOTO BOIIpOCa
OBII HCCIeL0BaH psii MUHEPAJOB M3 Pa3JHUHBIX MECTOPOKIEHHH CBETa.
Bo Bcex c/yuasx pe3ynbTaThl TePMUUYECKUX aHAJTU30B MPOBEPSIIICH OINTH-
YeCKHM MeTOAOM (ONpelensiuCch HX OITHUeCKHe KOHCTaHTBl, QCOOEHHO,
riaBHeHIIHe IoKasaTeau NpesoMiaeHus1). O6e3B0OXKHBaHUE NPOU3ROLUIOCH
MeronoM AuddepeHIIHaIbHOI0 TePMHUUYECKOT'0 aHaIu3a.

PesynbTaTbl TepMHUYECKOT'O H3yUeHHs] YKasbIBAIOT Ha JBa THUMA MH-
HEpAanoB; Yy XPH30THAAa HAOGMIONAETC MUHHMYM OOE3BOXKHBAHHUS IPH
680—700°0C, y anTuroputa o HeckosabKo Boime 780—8000C. ITocae atoro
MHHHMyMa y 060HX MHHEDPAJOB C/IeLYyeT KPHUCTANAN3AHOHHBIE MaKCHMYM,
KOTODPBIX OTBeUYaeT 0OPA30BAHUIO OJHUBHUHA, IPUUYEM Y XPH3OTHIA OH JIEKAT
mexay 800—8100 C, a y aHTUTOpHUTa HECKOJbKO Bbimie (820—8400C) u
He TaK PEe3KO BBIPAXKEH.

OnHaKOBbIE € XPHU3OTUIOM MHUHHUMYMBI 00€3BOXKHBaHHSI HaOMII01A-
auch y ruapocura (Tabepr), nukpocmuna (CBepHaoOBCK), (popxay3epura
(Barn ne ®remMm) u MapMmosuTa (BO BCeX HCCAeOBAaHHBIX 00pasiax). AHTH-
FOPUTOBLIH MHHUMYM OO0€3BOXKHUBAHMUS HAOMOAANCS Y CAeLYIONIHX MHHE-
panos: nukpocmuH (I'petinep), 6apertut (TpaBepcenna), anturoput (J1o6-
mwuHa) 1y nukpoautoB (Tabepr u [lpxuceynuna). Kpome toro Habaio-
JAniCh MHUHepanbl OOOHMMH MHHHUMyMaMu ©00€3BOXKUBAHMS DPa3JHUHON
OTHOCHUTEJLHOU BesquunHbl. K HUM oTHOCATCA: BeOCKUUT (AMenoze), B KO-
TOpOM npeo6iajaeT aHTUTOPHUT; BHIAHAMCHT (OKpPYr JISHKSCTp), Takxe
¢ mnpeoGaajaHHeM AHTHTOPUTOBOM KOMIIOHEHTHI; 3aTeM, -IHKHOTPOII
(Banareiim) u nupxosaut (CraTthHKa), B KOTOPBIX IpeoO/anaer XpHU30THIL
U MeTtakcut (JleToBULH).

PesyabTarel quddepeHHalbHbIX TePMHUUECKUX aHa/MU30B Yy Cledylo-
LI[MX MHHePasOB ObLIM NMPOBEPEHBbI ONpPeIeJeHHEM ONTHUeCKHX KOHCTAHT:

T'ngpogur — BosokHuCTHIH — Tabepr (Cmanann), lIsenus. Tepmu-
YeCKH{ aHa/M3, ONTHYeCKHe KOHCTAHTBI U TabUTyC TOBOPSAT O TOM, 4TO
3TO XPHU3OTHIL. ,

IlngpocmnH — BosokHUCTBHIN — CBepanoBck (¥Yparx), CCCP. Tepmu-
YeCKMH aHanau3, ONTHUYeCKHe KOHCTAHThI M TabuTyC CBHIETECJbCTBYIOT
O XPHU30THIIE. : ‘

dopxayzepuT — MaccuBHbIl — Basn nu ®pemm, ce. Mramusa. U3 pe-
3yJbTaTOB TEPMHUECKOTO aHaJH3a BUIHO, YTO 3TO XPU3OTHI. B BHAY TOrO,
YyTO B HIIH(e 3TOT MHHEpaJ IOUTH ONAaKOBbIH, TTIOKA3aTeNH MPe/IOMIeHHUS
He SIBJISIIOTCA PYKOBOASIILMMH HPHU3HAKAMH.

Mapuoant: 1 — xomnakTHeil — Mopaxaysen (I'eccen), I'epmanus,

2 — mucroBaThii — Pefixeniured, [Tonbckas Cuiaesus,
3 — BosokHucThI — JIu3apy Ilowint (Kopryen), Anraus,
4 — BOJIO.KHI/ICTI)II:'{ — Craren HMcnang (Hero Mopxk), CHIA.

JlaHHbIEe TEPMHUECKOr'x aHajiu3a M ONTHYECKHe KOHCTaHThl IOBODAT
O TOM, UTO BCE 3TH MHHEDAJbI SIBJISIOTCA XPH30THIOM, a HE aHTHTOPHTOM,
K KOTOPOMY HHOTJA NPHUHCISIOT MapMoOJHT (JMHT. 38)
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ITugkpocunn — Ttabautuateli — [I'peiinep, Uwuanepranb, Tupodb,
ABcrpus. M3 pe3ysnbTaroB TepMHUUECKOTrO aHAMIHU3a U ONTUYECKUX KOHCTAHT
BHJHO, UTO B OTJHYHE OT IMKPOCMHHA U3 CREpPNOBCKA, 3TO HE XPHU3OTHUII
a aHTHTOPHT. .

Baperrur — panuanabHO-nyuucTeil — Tpasepcensna (IIbeMoHT), ceB.
Hramua. TepMudeckuil aHanus U ONTHUECKHE KOHCTAHTHI CBHIETENbCTBYIOT
O TOM, YTO 3TO aHTHUI'OPHT.

AHTHIODHT — MAaCCHBHAsl CMeCb aHTHTOPHTA M XPU30JUTA C CHUIBHBIM
npeobaaganueM aHTUroputra — Jlob6muHa (CnoBakus). JlaHHblE TepMU-
YEeCKOTO aHaJu3a U ONTHYEeCKHe KOHCTaHThI 'OBOPSAT O aHTUropure. [loay-
YeHHBIE [TOKa3aTeqnu IPeNIOM/IeHH 3HAUUTENbHO HHXKE CPeJIHHUX 3HAueHHH
AHTHUCOPHUTA, UTO BEI3BAJO ITOBUAMMOMY BBIBETDHBAHHEM HCCJELOBAHHOTO

o6pasua. ‘

AHTHrOpUT — maactuHuaTbii — Ban Axnturopuo (IIbemoHT), ceB.
Hranuga. Cunraercd TUOUYHBIM aHTHIOPUTOM.

ITukpoaut — mnactTuHuathlii — Tabepr (Cmananm), liBenus;

— qacTuHuaThii — [lpxuceununa, Yexwus.

PeayabraThl TepMUUYECKOTO aHANN3a, ONTHUYECKHe KOHCTAaHThI a 60Jb-
1Iel YaCTbI0 U BHEIIHMH OOJMK CBHIETENbLCTBYIOT O TOM, UTO 2TO aHTH-
TOpHUT.

Be6ckant — wMaccuBHBIE — Awmenose (bBunzenxond), ['epmanus.
TepMuueCcKHil aHAMU3 CBUAETENIbCTBYET O TOM, 4TO 3/eCb UMEeM JMIesI0
CO CMeChbI0 XPH30THUJAA ¥ AaHTUTOPUTA, C MpeobaajaHHeM IOCAeIHEro.
TouHnoe ompeneneHHe ONTHUECKMX KOHCTAHT HEBO3MOXHO, BEPOATHO
HMeeM 3JIeCb JeJi0 CO CMEeCbI0 MHKDOCKONHYECKHX KPHUCTAMIHKOB OOOHX
MHUHEDAaNOB.

BHITHIMCHT — MAacCUBHBIH — OKpyr JlsHkactp' ([leHcuibBanus),
CHIA. ITo nmaHHBIM TepMHUECKODO aHAIH3a 3]eCb UMeeM JeJ0 CO CMeChbIo
aHTHUTOPUTA U XPHU30THIA, C IpeobiaganueM nepBoro. O TOM2Ke FOBOPAT
U ONTHYECKHEe KOHCTAHTHI.

INnkHorpon — wMaccuBHbli — Banbareiiv (Cakconust), ['epmanus.
" JlaHHBP'E TePMHUECKOTO aHadu3a I'OBOPAT O CMECH AaHTHTOPUTA U XPHU30-
THa. B MHKDOCKOIle BHJWM BeCbMa HEOJHODOJHYIO CMeCb, B KOTOPOH
npeoOiagaerT ceprneHTHH. VI3MepeHHble MOKas3aTelnH TPEJOMJIEHHsS He-
VLOBJIETBOPHUTEJbHEL.

ITnkpoauT — BOJOKHUCTHH — CaatHHKa y JleroBun, Mopasus. Tep-
MHUECKHH aHANIH3 CBUICTEJNLCTBYET O TOM, UTO Iepel], HaMu CMeCb XpH-
30TH/IA U AHTHUTOPHUTA, B KOTOPOM TpeobiagaeT XPU30THA. IDTO OBLIO
NO/ATBEPKIEHO KPHCTAMIOONTUUECKHMH HCCIeOBAHUAMH, XOTA OBLIH
YCTaHOBJIEHB! 6€3CIIOPHO JHUIIb [TOKA3aTeNH TPENOMICHHsT XPH30OTHIA.

MeraxcHT — wmaccuBHbIH — JleroBuia, Mopasa. TepMuueckuM aHa-
JIM30M [0Ka3aHO, UTO 3[eCh HMeeM JeJ0 €O CMeChbI0 XPH30TH/JAa U aHTH-
roputa. O6a KoMIoHeHTa OBIIH ONPENENE€HB H MHKDOCKOIIHUECKH.

3akIro4YeHHne.,

BrlinlenpuseieHHbIE PE3yabTaThl TOBOPAT O TOM, YTO OIpeJeleHHe
MHHEPAaJOB TPYIIibl CepHEHTHHA NPH NoMouM AuddepeHIHaIbHOTO Tep-
MHYECKOTO aHaau3a BMOJHe HajexHo. Jlanee, yCTaHOBJEHO, UTO rabHUTyC
MHHepaJa He SIBJSETCs BIIOJHE HaJeXHbIM KDHTepHeM JJAs ONpeJeaeHHs
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AHTUTOPUTA M XPU30THUNA, XOTS AHTHUTOPHUT B OOJBLIMHCTBE CaydaeB ObI-
BaeT IIIACTHHYATBHIM O TaOJIMTYATOTO a XPU30THJA BOJOKHHCTBIH IO CTe-
6enbuaToro. MaccuBHble 00pasubl, onpefessieMble A0 CHX IOpP, Kak cob-
CTBEHHO CEPNEHTHH, B MHOTHX CIyuasgxX MOXKHO 3auUCAUTb K OJHOH H3
noarpymi. [ToaToMy peKoMeHAyeTCs MOJb30BATHCS Ha3BaHHEM CepPIeHTHH
B Oy IyILEM JHIIb IJ51 CMeced 000UX MHHEPATOB HE3aBUCHMO OT BHEILIHETO
obsuka (raburyca) U TPOHCXOXKIEHHA.

A Contribution to the Question of the Determination of Minerals
of Serpentine Group

Many articles on the minerals of serpentine group have already been
published. The most recent are concerned especially with the structure
and the changes that those minerals are going through when heated. The
authors have come to the conclusion that there exist only two kinds of
minerals that may be so called: antigorite and chrysotile; the others, de-
noted by various names, are to be classified as mere varieties of the two,
may they be ever so characteristic by their appearance.

Antigorite and chrysotile are sometimes found quite pure, someti-
mes mixed with each other. Antigorite occurs mostly in the form of leaf-
like, generally dark-green or yellow-green aggregates. It is perfectly
cleavable by the base plane (001), and easily cleavable by the pinacoid
(010). Chrysotile, as a rule, forms finely fibrous yellow-green aggregates
of silken lustre. As distinguished from antigorite it is cleavable by the
vertical prism (110).

The majority of the authors, by the name of “antigorite”, mean the
macroscopically leaf-like varieties of serpentine, like bementite (partly),
metaxite, picromine, schweizerite (partly), webskyite, williamsite, and
others. By the name of “serpentine”, in the narrower sense of the term,
lump varieties of it are denoted 11ke barettite, dermatine, enophite, hy-
drophite, iddingsite, ophite, pycnotrope, schweizerite (partly), vorhau-
serite, and others. By the name of “serpentine” we mean a mineral whose
prevailing 'part is made up of the fibres of chrysotile, sometimes mixed
with antigorite, and the remainder is the residues of olivine, more rarely
of another original mineral.

From the recently published articles, concerned with the structure
of serpentine minerals we see that the jointed structures of antigorite
and chrysotile are very similar. So the lattice constants show a complete
congruency (Epprecht — Brandenberger — 30):

Chrysotile: Antigorite:
Thedford Mines, Quebec Val Antigorio, Piemont
a, = 14,66 A co = 14,35 A
b = 924 A } bo = 9,25 A
Co = 5,33 A a, = 53 A
elong. || c. ¢ ~ L to the plane of the layers.



Similar results have been obtained by W. Bragg (39), B. E. Warren
(38), and E. Aruja (24). :

The X-rays diagrams of the two minerals show as well, that there
are no substantial structural differences between them. Aruja (24) men-
tions only one single difference in the rotation diagrams of the two mi-
nerals. The point reflexes (0kl) of the X-rays diagram of chysotile are
coherently blurred, while the same reflexes of antigorite are sharp
enough.

The structure of chrysotile was at first described as a chain-struc-
ture (39), later on as a leaf-like one (40). Warren’s and Bragg’s 'idea is
that the tetrahedrons of SiO4 form double chains Si;Oq1, which are joined
in some kind of double leaves with brucite groups composed of
MgO,/0H/4 or Mg506/OH/g/H20/. An instructive picture has been presented
by Brandenberger (26) (pict. 1). It shows a perpendicular cut to the chains,
i. e. a parallel one with the plane (001). The chains SifO;; are marked
with simple lines, the stripes Mg;04/OH/g/H,O are hatched diagonally.
The double leaves are to be seen well in the picture. Unsaturated valen-
ces between the chains are levelled by ions of Mg between the double cir-
cles). It is possible, according to Brandenberger, that the double chains
can unite into manifold ones and so can the stripes Mg/O, OH/g. That leads
then to structure of various arrangements, from the ideal structure of
chrysotile itself with regularly distributed chains up to the pure leaf-like
structure, that was anticipated by B. E. Warren and K. H. Hering (40).

Those differences cannot be sufficiently shown in powder diagrams,
which are mostly used for the determination of minerals with X-rays. Nor
can the difference in rotation diagrams of the two minerals, which
Aruja has mantioned, be thought satisfactory. It is much safer to have
them determinated by differencial thermal analysis, in which the two mi-
nerals of this group behave differently.

During the heating of chrysotile and antigorite a gradual dehydra-
tion takes place, then comes the destruction of the crystal lattice and,
in the end, the formation of olivine (30). The two minerals differ in the
fact that chrysotile loses 'a part of its water as socon as between 300—
550 °C, while antigorite shows no change yet. The gratest dehydration
(the loss of hydroxyl water), according to Epprecht' and Brandenber-
ger, sets in with both the minerals between 550—600 °C. At the same
time an amprphous matter is formed which with chrysotile at 600 °C,
with antigorite no sooner than at 700 0C, changes for olivine. Besides oli-
vine another amorphous phase is formed, from which, at the heat of
1100 °C, enstatite results.

The purpose of this article has been to examine, to what extent it is
possible, in the determination of serpentine group minerals, to depend
on the results of thermal analyses. That is why various minerals of this
group coming from various places of deposits in the world have been
studied. In all cases the results of DTA have been proved by optic con-
stants, especially by refractive indices.



(Experimental Part)

Here is the list of the minerals that have been examined. The samples
of all of them were placed at our disposal through the kindness of the

National Museum in Prague from their mineralogical collections.

Table I.
Mineral Place of deposits Inv. No Appearance
1. Hydrophite Taberg — 'Smaland — 21.421 | fibrous
: Sweden '21.353
2. Picrosmine Sverdlovsk — 21.428 | fibrous
SSSR — Ural
3. Vorhauserite Val di Fiemme — 21.424 | lump-shaped
North TItaly
4. Marmolite Mornshausen — 21.409 | lump-shaped
Hessia — Germany
5. Marmolite Reichenstein — 21.407 | leaf-like
ISilesia — Poland
6. Marmolite Lizard Point — 21.416 fibrous
Cornwall — England
7. Marmpolite Staten Island — 21.411 fibrous
USA
8. Picrosmine Greiner — Zillertal — 21.982 | slate-like
Tyrol — Austria
9. Barettite Traversella — Piemont 25.042 | ray-like
— Italy
10. Antigorite Dobsina — Slovakia not. inv. a mixture of an-
tigorite and
chrysotile lumps
11. Antigorite Val Antigorio — 21.375 | leaf-like
Piemont — Ttaly
12. Picrolite Pisetnice — Bohemia 21.388 leaf-like
13. Picrolite Taberg — Smaland — 21.399 | leaf-like
Sweden
14. Webskyite Amelose — Bindenkopf 24.303 | lump-shaped
— Germany
15 Williamsite Lancaster Co. — Penn., 21.423 | lump-shaped
USA
16. Pycnotrope Waldheim — Saxony — 21,490 lump-shaped
Germany
17. Picrolite Slatinka near Letovice, 31680 | fibrous
Moravia
18. Metaxite Letovice — Moravia 20.031 | lump-shaped
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Methods used in DTA:

Dehydration experiments were formerly executed by a static
method, i. e. by gradual heating of the samples up to equilibrium and
then by weighing of them. In our experiments in dehydration we have
used a dynamic method, the differential thermal analysis. The analysis
has been made in a standard way with ceramic bloc, Pt-PtRh thermo-
piles with the heat gradation of 10 %/min., and with Le Chatelier-Saladine
(25) registration system.

Microscopic determinations:

Antigorite differs,from chrysotile first in its higher refractive index
and in a negative optic character. In a microscopic determination a
further difference arises from the — above mentioned — different clea-
vability of the two minerals. In the majority of cases the refractive in-
dices of salte-like antigorite, in consequence of its cleavability in two di-
rections, can be determinated in all the three directions. With the fibrous
chrysotile, on the contrary, only two refractive indices can be determi-
nated. Is the direction of cleavability that of vertical prism (110) and
the direction of extended fibres = ¢ ~ v, it is not possible correctly to
distinguish the refractive indices for the crystalographic directions X and
Y without using the universal table.

The results are as follows:

DTA show two types of minerals; chrysotile has its dehydration mi-
nimum at 680—700 °C, antigorite at 780—3800 °C. The dehydration with
both the minerals is followed by a crystallization maximum correspon-
ding to the formation of olivine: with chrysotile a little lower (800—
—38100C), with antigorite it is less developed and usually appears as late
as 820—840 °C.

The same dehydration minimums as chrysotile show: hydrophite (Ta-
berg), picrosmine (Sverdlovsk), vorhauserite (Val di Fiemme), marmolite
(all the samples that have been examined).

Dehydration minimums like that of antigorite possess the minerals:
picrosmine (Greiner), barettite (Traversella), antigorite (Dob§ina), anti-
gorite (Val Antigorio), and picrolites (Taberg and Prise¢nice).

Besides this there are minerals showing both dehydration minimums
of various comparative height: webskyite (Amelose) and williamsite
(Lancaster Co.), in both of which antigorite prevails, pyknotrope (Wald-
heim), picrolite (Slatinka) where chrysotile prevails, and metaxite (Le-
tovice). .

The results of DTA are demonstrated in the picture 2.
Optic constants: Refractive indices are shown in the following table:

11



Table II.

Mineral Na ng Ny d
Hydrophite — Taberg ne, p = 1,549 1,559 >0,010
Picrosmine — Ural 1,549 1,559 >(0,010
Vorhauserite — Fiemme n=1,56
Marmolite —
Hessia ne, p = 1,550 1,560 >0,010
Silesia 1,551 1,558 >0,007
Lizard Point 1,549 . 1,557 >0,008
Staten 1. 1,551 1,558 >0,007
Picrosmine — Greiner 1,558 1,562 1,566 >(,008
Barettite — Piemont 1,564 1,567 >0,003
Antigorite — DobSind 1,536 1,546 1,549 0,013
Val Antigorio 1,560 1,572 1,573 0,013
Picrolite — Bohemia 1,564 1,568 1,575 0,011
Picrolite — Taberg n = 1,567
Webskyite — Amelose 1,555
Williamsite — USA 1. ne,p = 1,540 1,549 >0,009
2. 1,562 1,565 1,566 0,004
Picnotrope — Saxony ., ny = 1,567
2. 1y = 1,565
Picrolite — Moravia 1. nep = 1,545 1,556 >0,011
2. ng, = 1,569
Metaxite — Moravia 1. Na,p = 1,550 1,558 >0,008
b 1,558 1,563 >0,005

Determination of the individual minerals:

Hydrophite: Denominated by Svanberg (22—1831). Appearance:
lump-shaped and fibrous; colour: dark grey-green serpentine from Ta-
berg in Sweden. Contains a relatively high per cent of water (see anal.)
Websky (23—1858) thinks it to be a metaxite (a less valuable chrysotile
asbest), rich in iron (see anal.). In the microscope it can be seen that the
greater contents of Fe was caused by rich impregnation of the mineral
by magnesite, consequently not by isomorphous admixtures to it. The
low refractive indices corroborate this opinion. DTA, optic constants
and appearance prove it to be a chrysotile.

12



Picrosmine: First described by W. Haidinger of Engelsburg. Place
of deposits: near Prisetnice in Bohemia (see Mohs — 15 — 1825). The
material from Sverdlovsk in Ural forms long, paralelly fibrous and even
stalks-like, light greenish and even grey-green aggregates. It occurs
commonly with typical serpentine iasbest, forming narow veins or even
mighty layers in compact grey green serpentine. DTA, optic constants
and appearance prove it to be a chrysotile.

Vorhauserite: Described by Kenngott (13—1856) as a lump-
shaped mineral, of a dark pitch brown swarthy green colour, of a cockle-
shell or coarse fracture, found on the hill Monzoni in the valey of Val di
Fassa in northern Italy. Des Cloizeaux (7—1862) and Dana (6--1868) in
their compendiums correctly classify the mineral as a serpentine. H.
Strunz (37) thinks the name of vorhauserite to be an obsolete and su-
perfluous term for a lump-shaped serpentine.

The sample under examination, quite corresponding to the mineral
described by Kenngott, has been found in Val di Fiemme closely ad-
jacent to the valey of Val di Fassa. The results of DTA show that it is a
chrysotile. As this mineral is almost opague, in the microscope the re-
fractive indices are not desisive.

Marmolite: as an individual mineral has been described by I. Wuttall
(16—1822). A ‘year later, Vanuxem (23) proved that ‘it was serpentine
and that the original Wuttall’s determination was founded on a wrong
analysis. But the name of marmolite continued to be used for leaf-like
varieties of serpentine. On Strunz’s opinion (38) it is only an absolete
and superfluous term for antigorite.

We have examined the following samples of marmolite:

1. from Mornshausen near Marburg (Germany),
2. from Reichensteinin Polish Silesia,

3. from Lizard Point in Cornwall (England),

4, from Staten Island, New York, USA.

Ad 1. Quite lump-shaped light-grey mineral, from the serpentine
rock situated between Mornhausen' and Amelose. In the nearest sur-
roundings of the place more minerals of the serpentine group have been
found, namely chrysotile, picrolite and metaxite.

Ad 2. Similar to the first, only it forms imperfect brittle leaf-like
shapes. It occurs in lump-shaped serpentine with fine-fibrous picro-
smine, fibrous chrysotile and leaf-like metaxite. In its place of deposits
it is accompanied by several kinds of ore minerals, especially by arseno-
pyrite, galenite, 16llingite and magnesite. Serpentine itself contains,
according to Ulex (as Hintze mentions 35) as much as 10,65 per cent of
magnesite and 2,70 per cent of 16llingite.

Ad 3. Imperfectly coarse-fibrous, brownish or greenly-yellow with
dirty green parts. Occurs in many lplaces of Lizard DlStI‘lCt (southern
Cornwall). »

Ad 4. Imperfectly coarse fibrous or leaf-like, brownish and greenly
yellow.

13



DTA and optic constants show that in: none of the four cases
mentioned above antigorite can be spoken of, but only ‘chrysotile The
fibres of asbest are only of mlCI‘OSCOplC d1mens1ons ‘but in all samples
under examination they are well 'visible.

Picrosmine-Greiner: Coarsely stalk-like or slate-like dark-green
aggregates penetrated by talc. The results of DTA and optic constants
show that in this case'we have no chrysotile, but antigorite. ‘

Barettite — Traversella: Imperfectly radially beam-like, light grey-
brown aggregate. To Strunz’s opinion the term of barettite is an obsolete
and superfluous name for serpentine. DTA and optic constants have
shown that it is an antigorite.

Antigorite — Dob§ina: Slate-like and short column crystals of micro-
scopic dimensions, occuring with chrysotile in weathered serpentine. The
results of DTA and optic constants thave shown ‘that it is an antigorite.
The differences in the constants are obviously caused by a high degree of
weathering.

Antigorite — Val Antigorio: For the first time, from this place of
deposits, determinated by E. Schweizer (19—1840). Here it forms sheet-
like swarthy green aggregates. It is thought for typical antigorite.

Picrolite: For the first time determinated by J. Hausmann (10-1808).
It is a mineral of a dirty green or grey colour. It forms, alternately with
carbonates, veins and coatings in the swarthy green, lump-shaped ser-
pentine near Taberg in Sweden. Later on, the author himself admitted
of that it might be'a variety of serpentine, which was then proved by the
analyses made by Almroth (1—1818) and Lychnell (14—1826). Since that
time the term of picrolite has been used for some coarsely'fibrous, stalk-
like or leaf-like kinds of serpentine.

We have examined the fine fibrous and leaf-like materials from the
original locality, accompanied by hydrophite, chlorite and limestone.
Then we have examined a light and dark-grey-green, leaf-like picrolite
from PriseCnice in Bohemia, occurring there in brown-green, much wea-
thered serpentine. The results of DTA, optic constants and, for the most
part, the appearance as well have shown that it is a sort of antigorite.

‘Webskyite: This name has been 'given by R. Brauns (2—1884) to
pitchblack coloured and swarthy-green or brown-green products of the
decomposition of serpentine, which occur in lump-shaped aggregates
with spherical surface near Amelose and Bottenhorn in Hessia. On the
opinion of Strunz (38) the term is an obsolete and superfluous name for
a fibrous serpentine (Faserserpentin = chrysotile). We have examined
the material from Amelose. DTA have shown that it is a mixture of chry-
sotile and antigorite where the antigorite component prevails. A correct
determination of the optic constants is not possible. Obviously the ma-
terial is a mixture of nearly microscopical crystals of antzgorzte and
chrysotile.
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Williamsite: Name given by C. U. Shepard (18—1848). The mineral is
a very finely fibrous, leaf-like and state-like species of greenish colour.
It occurs as filling between serpentine and chlorite in Lancaster Co. —
Texas. R. Hermann'(12—1851), Smith and Brush:(21—1853), on the basis
of analyses, classified it as a serpentine. H. Strunz thinks it to be identi-
cal with chrysotile. We have :examined the material from the original
locality. The results of DTA show it is a mixture of antigorite and chry-
sotile with prevalence of antigorite. The same has been shown by the
optic constants. In the microscope there are visible lighter parts with
lower refractive indices, corresponding to chrysotile, and darker parts
with higher indices, approaching to antigorite, but with extraordinary
low double refraction.

Pyknotrope: A. Breithaupt (3—1831) determinated as pyknotrope
coarse lump-shaped aggregates, of grey-white, grey, yellow-grey, red-
grey or brown ‘colours, passing into yellow-green serpentine at Wald-
heim in Saxony. Fischer (9—1851), by mistake, took it for a mineral
akin to saussurite, which it remembers by numerous little scales of ‘mica
permeating it. On H. Strunz’s opinion it is an impure serpentine. We have
examined the material from, the original locality. The results of DTA have
shown that it is a mixture of antigorite and chrysotile. In the microscope
it can be seen, that it is a very unhomogenous mixture with serpentine
prevailing. Refractive indices got by measuring are unsatisfactory. Yet
it is probable that the lower indices correspond to chrysotile, the higher
to antigorite.

Picrolite — Slatinka: Picrolite from Siatinka, near Letovice, which
has been examined, forms flatly fibrous aggragates of silken lustre
and of light green or grey-green colour. It occurs in the praces of deposits
of serpentine with coarse chrysotile. The results of DTA have shown that
it is a mixture of chrysotile and antigorite with the prevalence of the
former. This fact has been acknowledged by the optic research. The con-
stants of chrysotile have been determinated beyond doubt. Moreover a
further admixture has been ascertained whose refractive indices can
hardly be determinated. Obviously it is an antigorite.

Metaxite: As such A. Breithaupt determinated a mineral of imper-
fectly silken luster, faintly transparent, of greenish colour, occurring
in the shape of coarse lumps in crystal limestone near Schwarzenberg in
Saxony. J. Brauns (2—1887) took metaxite for a stalk-like variety of ser-
pentine. On:Strunz’s opinion it is a less valuable chrysotile asbest.

We have examined the mataxite from Letovice in Moravia, where
it forms numerous dark grey-green parallel bundles of finely or coarsely
fibrous kidney-shaped masses and’'pseudomorphoses after little crystals
of calcite. Coming from the same locality: lump-shaped serpentine-du-
nite, zoblitzite, picrolite and antigorite have been determinated. DTA
have shown that they are'mixtures of chrysotile and antigorite. Both the
components have been determinated microscopically as well.
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Discussion on the results:

The results above mentioned have shown that the determination of
the minerals pertaining to the serpentine group can be thougt quite cer-
tain. They have also shown that the macroscopic appearance is not:
always a safe criterion for distinguishing antigorite from chrysotile, even.
when antigorite is mostly leaf-like and slate-like, and chrysotile fibrous
or stalk-like. Some lump-shaped aggregates, as yet denoted mostly as
serpentine in the narrower sense of the word, can be classified as per-
taining to one or the other group as well. That is why it is fpreferable to-
use the term of serpentine in the narrower sense of the word exclusively
for the mixtures of the two minerals without regard to the macroscopical
appearance and the way of occurrence.

Tables III — V.

Original analyses ‘of the minerals of serpentine group
under examination:

I. Hydrophite — Taberg anal. by Swanberg (21).
II. Vorsauserite — Val di Fassa, anal. by Oellacher (17).
III. Marmolite — Lizard District, anal. by Phillips (18).
IV. Picrosmine — Greiner, anal. by Schweizer (21).!
V. Antigorite — Val Antigorio, anal. by Stokar — Escher (Kenngott 13).
VI. Antigorite — Val Antigorio, anal. by Brush (13).
VII. Picrolite — Taberg, anal. by Almroth (1).
VIII. Picrolite — Taberg, anal. by Lychnell (14).
IX. Webskyite — Amelose, anal. by Brauns (2).
X. Webskyite — Bottenhorn, anal. Brauns (2).
XI. Williamsite — Lancaster Co., anal. Hermann (12).
XII. Williamsite — Lancaster Co., anal. Smith — Brush (22).
XIII. Williamsite — Lancaster Cbé., anal. Smith — Brush (22).
XIV. Pyknotrope — Waldheim, anal. Fikenscher (Fallou 8).

Table IIT. Chrysotile (anal. I.—IIL.)

I 1L I11.
Si0y 36,19 41,21 38,72
FeO 22,73 1,72 5,07
MgO 21,08 39,24 34,47
Hy0 16,08 16,16 15,52
© Aly05 2,90 3,01
MnO 1,66 0,30
V05 0,12
Fey)O3 1,90
NiO . 0,29
Cry03 0,08
K0 0,31
Naz0 0,76
100,76 98,63 100,13
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Table IV. — Antigorite (anal. IV.—VIIL.)

v. \2 VI VIL VIIL

Si0, 41,69 40,83 41,58 40,04 40,98
FeO 2,07 5,84 7,22 8,28 8,94
MgO 40,33 36,62 36,80 38,80 33,44
H,0 12,82 12,37 | . 12,67 9,08 12,86
COp 4,70 1,73
Al,O5 1,56 3,20 2,60 0,73

98,47 98,86 100,87 100,90 98,68

Table V. — Serpentine (anal. IX.—XIV.)

IX. X. T XL XII. XIIL XIV.

SiO, 34,96 36,74 44,50 41,60 42,60 45,02
FeO 3,03 3,06 1,39 3,24 1,62 0,21
Fe;05 9,13 11,52
MgO 21,97 17,38 | 3971 41,11 41,90 12,60
H,0 ' 31,04%)|  32,02%)| 12,75 12,70 12,70 7,03
Al,05 _ 0,75 29,31
NiO 0,90 0,50 0,40
K»0 4,43

100,13 100,72| 100,00 99,15 99,22 98,60

*) The sum of the two waters, as distinguished in the author’s -original article,
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SBORNIK NARODNIHO MUSEA V PRAZE - ACTA MUSEI NATIONALIS PRAGAE
X. (1954) - B (PRIRODOVEDNY) No. 4. - GEOLOG.A ET PALAEONTOLOGIA No. 1.
REDAKTOR IVAN KLASTERSKY

J. Koutimsky, J. Satava:
PRISPEVEK K URCOVANI NEROSTU SKUPINY

A CONTRIBUTION TO THE QUESTION OF THE DETERMINATION
OF MINERALS OF SERPENTINE GROUP
V za# 1954 vydalo svym nékladem v poctu 1100 vytiskd Néarodni museum v Praze
Vytiskl Knihtisk,n. p., zdkladni z4v. 01 v Praze III - Cena broZovaného vytisku 8,20 Kés
. F 14679



