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JIRT KOURIMSKY:

Prispévek k urcovani pyroxent

Eme 06 onpeneneHnu NUPOKCEHOB

(Predlozeno 20. IX. 1955.)

Skupina pyroxent je jednou z hlavnich skupin horninotvornych ne-
rostd. Byla proto predmétem velmi mnohych studii pfes to,: Ze iso-
morfni zastupovani prvkl v této fadé je pomérné znaéné komplikované.
K urcéovani pyroxent vypracovali rGzni autofi fady methed, zejména
optickych, kterych je moZno ve skupinach s menSim isomorfnim mise-
nim pouzivat pomérné bezpecné, u skupin komplikovanych pak s urci-
tymi vyhradami. Uréovani pomoci optickych konstant je mozZno s Gspé-
chem pouZit ve vybrusech i v praskovych preparéatech, zejména s pomoci
universélniho fedorovského stolku; mame-=-li ovSem k disposici dostatetné
velkd . individua pro mikroskopicky vyzkum.

Potieby praxe (tavené horniny) si vSak v poslednich létech vynu-
tily u néds vyhledavani novych method pii- urcovani rekrystalovanych
nerostl, mnohdy velmi malych aZ submikroskopickych rozmérd. Jednou
z téchto urcovacich method se stal i roentgenograficky vyzkum nergst-
nych skupin, u kterych se pro zna¢nou isomorfni misivost, a v dasledku
toho komplikovanost a nepfehlednost praskovych diagramt, roentgeno-
grafickych method k uréovani obyCejné nepouziva. Proto ani v literatufe
nenajdeme dostatek potfebnych Gdajd, tykajicich se roentgenografic-
kych dat téchto .nerosti, s vyjimkou prace R. W. G. Wyckoffa,
H.E.Merwina a H.S. Washingtona (37), ktefi jiZ v roce 1925
zhotovili pragkové diagramy Cetnych pyroxend a na zékladé porovnani
jednotlivich roentgenogramt rozdélili tyto nerosty do Ctyf struktur-
nich typl (struktura diopsidova, enstatitova, wollastonitovd a rhodoni-
tova). V této praci najdeme také fadu pfipominek k zavislosti mezi jed-
notlivymi isomorfnimi p¥imésmi a mfizkovymi konstantami, kterou ma-
Zeme sledovat na roentgenogramech téchto nerostd. Od té doby nebyla
témto otazkdm vénovéna v literature dostateénd pozornost, neptihlizi-
me-li k jednotlivym pracim, Fe8icim dil¢i otazky, a tykajicich se pre-
vazné synthetlckych pyroxend.

Aby bylo moZno urcovat pomoci roentgenu rekryscalovane pyro-
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xeny tavenych hornin. mnohdy submikroskopickych rozmérd, nebo ve
vyvoji zeela jiném neZz jej zname z prirodnich vyskytd, bylo zhotoveno
velké mnoZstvi roentgenogramil nejraznéjsich pfirodnich pyroxend pro
srovndni. K tomute ucelu bylo pouzito vzorkd ze sbirek mineralogic-
kého oddéleni Narodniho musea v Praze. Dal$i roentgenogramy byly zho-
toveny z pyroxent, pripravenych syntheticky. Soubézné s porovnanim
roentgenogrami byly stanovovany téz hlavni fysikalni konstanty, pfi-
padné pofizovany chemické a thermické analysy, aby nerosty, pouzité
pro srovnani, byly urdeny zcela jednoznacné. Timto zplsobem bylo
mozno stanovit na roentgenogramech urcité linie, charakteristické pro
pyroxeny urcitych isomorfnich fad a skupin. Na zdkladé ziskanych vy-
sledkG bude sestaven kli¢ k urcCovani pyroxenl pomoci roentgenu,
optickych konstant i thermickych analys. Na tomto kli¢i pracuje jiz
autor této prace spolu s pracovniky Vyzkumného tGstavu sklafského
v Hradci Kralové.

Tato préace obsahuje pouze nékolik prehlednych dat, tykajicich se
isomorfni fady kosoCtveretnych pyroxent (ensteniti) a fady diopsid —
hedenbergit. Dalsi dopliiujici prace budou nésledovat.

I. Kosoftvereéné pyroxeny (enstenity).

KosocCtveretné pyroxeny tvori plynulou isomorfni fadu enstatit
(MgsSiy0g) — ferrosilit’ (FeySisOg), pfi Cemz pouze jeji Cast, enstatit az
hypersthen, jsou znadmé z piirodnich vyskytd. Ostatni pak byly pfipra-
veny syntheticky. Jak je znamo, méni se optické i jiné fysikalni kon-
stanty ¢lend této isomorini fady zcela plynule. Indexy lomu a dvojlom
stoupaji s pribyvanim ferrosilitové slozky, stejné jako specifickd vaha.
Uhel os optickych (+2V) stoupa s pribyvanim Zeleznaté komponenty
ptiblizn& do 55 mol. % Fe,Siy0q, nacez opét klesa.

Porovnanim rady roentgenogramtl této isomorfni rady, pii kterém
byly pro kontrolu determinace urCovany téZz hlavni fysikdlni vlastnosti
jednotlivych zkoumanych vzorkdl, bylo zjiSténo, Ze stejné, jako se ply-
nule méni jednotlivé fysikalni konstanty ¢lena této ¥ady, méni se vice
méné plynule téZz vzdalenosti nékterych strukturnich rovin, pfipadné
i intensity jejich reflexi. Posledni okolnost by bylo ovéem moZno kon-
statovat s definitivni platnosti teprve po fotometrickém proméfeni in-
tensit jednotlivych roentgenograml. Do téchto plynulych zmén mohou
ovSem rusivé zasahovat vétsi iscmorfni pFimési nenéalezejici k této Fadé,
coz ovSem muze stejnym zplsobem narusit i plynulost zmény optickych
konstant, jak uvadéji A. N. a H . Winchellové (34, 35) pro pfimési
A12A1205 a HAISiQOg. t

Pro demonstraci zmén roentgenogramu uvadim v tab. 2. (anglicky
text) vycCisleni roentgenogramid enstatitu, bronzitu a hypersthenu,
v tab. 1. pak pfehled jejich fysikdlnich konstant. Pro srovnani uvadim
tyto typické zastupce vSech tfi nerosti:

1. enstatit — Bamle (Norsko),

2. bronzit — Bohouskovice (Cechy),

3. hypersthen — Isle St. Paul (Labrador).

Enstatit a hypersthen z uvedenych lokalit byly jako priklad vybrany
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proto, Ze enstatit z Bamle mé velmi nizké indexy lomu, hypersthen
z Isle St. Paul pak velmi vysoké. Mohou proto byt pokladany za jedny
z krajnich ¢lend této isomorfni fady, vyskytujicich se v pfirod&. V tab. 2.
uvadim téz hodnoty synthetického MgsSi;Og podle tabulek J. D. Han a-
walta, H . W.Rinna a L. K. Frevela (8). ProtoZe uvedena data
synthetického enstatitu nejsou dostatujici ani poétem uvedenych re-
flexi ani svou ppresnosti, neberu je v Gvahu jiz v tab. 3.

1. Enstatit — Bamle. Enstatit se zde vyskytuje na dvou
mistech. pt¥i CemZ oba vyskyty se od sebe prakticky nelisi:

a) Bamle — Oedegarden,

b) Bamle — Vestre Kjorrestad.
Chemické analysy enstatitli z obou nalezist jsou uvedeny v anglickém
textu. Konstanty stanovené autorem této préace (tab. 1.), byly naméfeny
na téchto vzorcich: enstatit — Oedegérden — velky Sedy aZ Sedozeleny
krystal omezeny plochami (110), (100), (023), (223); enstatit — Kjorre-

stad — S8edozeleny, kusovy, misty prechdzejici ve svétlejsi kusovy
serpentin.
2. Bronzit — BohouSkovice. Uvadéné konstanty (tab.

1.—2.) byly stanoveny na Sedém aZ zelenoSedém hrubozrnném agregatu,
dobfe Stépném a zretelnd lamelovaném, s hedvdabnym leskem, misty se
slabé kovovou meénou barev. Bronzitu je v mensim mnoZstvi piimisen
jednoklonny pyroxen, patrné diallag, makroskopicky jej pak provazeji
zelenad zrnka chromdiopsidu. F. Ulrich (28) na zékladé zjisténého Ng
bohouskovického bronzitu predpoklada isomorfni pfimési p¥iblizné 10 mol.
% FeySiy0q. Nova méfeni, uvedena v tab. 1., tento nazor potvrzuji.

3. Hypersthen — Isle St. Paul Xonstanty, uvedené
v tab. 1., stanovil autor na tmavohnédém az tmavé Sedém kusovém hy-
persthenu (,,paulitu®) s velmi zietelnou déliteinosti podle lamel v roviné
(010). Na téchto plochach je dobte zietelnd ména barev do kovoveé
Cervenohnédé. Chemicka analysa je uvedena v anglickém textu.

Vzhledem k tomu, Ze roentgenogramy pyroxend, stejné jako vSech
sloZitych kfemicitant, ochsahuji Fadu linii zplsobenych rdznymi pri-
mésmi, a Ze tyto linie ¢ini roentgenogram malo prehlednym, uvadim
v tab. 3. srovndni hlavnich charakteristickych linii kosottverecnych
pyroxent. V této zjednoduSené tabulce jesté lépe vynikne plynulost
zmén nékterych vzdalenosti strukturnich rovin.

I1. Rada diopsid — hedenbergit.

Isomorfni tada diopsid (CaMgSi;Og) — hedenbergit (CaFeSiyOg)
predstavuje zakladni isomorfni fadu polyaugitl. Pro orientaci uvadim
v anglickém textu zjednoduSené schema isomorfniho miseni v této sku-
piné. Ze schematu je patrnc, ze k této zékladni plynulé Fadé se druzi
isomorfni fady a skupiny dalsi. Moznost isomorfniho zastupovani raznych
prvka i mimo tyto fady je zda vSak velmi znaCna, coz zpUsobuje Cetné
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obtiZe p#i jejich urdovani. RGzné primési maji totiz mnohdy znaény vliv
i na optické konstanty jednotlivych nerost této skupiny.

Srovnanim velkého mnozstvi roentgenogramid nerost@ isomorfni
rady diopsid — hedenbergit i jinych nerostl ze skupiny polyaugitl byla
podobné jako v radé kosoltvereénych pyroxent zjiSténa plynuld pie-
ména vzdalenosti strukturnich rovin i intensit reflexi. RovnéZ v této
fadé byly pro kontrolu uréeni zjiStovany fysikalni, zejména optické kon-
stanty. Plynulost zmén roentgenogramt naruSuji rznym zplsobem né-
které piimési, pokud jsou ve v&tS§im mnoZstvi, zejména piimés slozky
johannsenitové (CaMnSiyOg), jadeitové (NaAlSiyOg), egirinové (NaFeSisOg),
klinoenstenitové [(Mg, Fe)sSiy0Og] a slozky AlyAl,Og pritomné v augitech.
PFitomnost téchto primési se ovSem projevuje téZ ve zménach optickych
konstant, jak ukazuji zejména prdace H. H. Hesse (12), A. N. Zava
rického (38) a M. M. Véselovské (29) a jak je patrno i z graft
uvadénych A.N. a H. Winchelly (34, 35).

S ptibyvanim slozky hedenbergitové zvétSuji se v isomorfni Fadd
diopsid — hedebergit indexy lomu. thel os optickych, Ghel zhaSeni
i specifickd vaha. Ke kolisani dochézi pouze u thlu os optickych dio-
psidd pfi pFimésech 0—10 mol. % CaFesi,Og; v tomto rozmezi dochazi

-patrné k prechodnému zmenSovani dhlu s prlbyvamm hedenbergitové
komponenty (Hess — 12)

Pro demonstraci zmén roentgenografickych dat uvadim v tab. 5.
vycisleni roentgenogrami synthetického CaMgSiyOg, pfirodniho diopsiduy,
salitu, ferrosalitu a synthetického CaFeSiyOg. Z piirodnich nerostd uva-
dim tyto charakteristické zastupce isomorfni fady diopsid — heden-
bergit:

1. diopsid — Schwarzenstein-Alpe (Tyroly),
2. salit — Sala (Svédsko),
3. ferrosalit — Nordmarken (Svédsko).

1. Diopsid — Schwarzenstein-Alpe. Diopsid se zde
vyskytuje v hrubé stébelnatych agregatech a sloupcovitych zelenych
krystalech, neprlsvitnych, prusvitnych aZ prahlednych. Agregéaty
i krystaly byvaji namnoze zondarni, pfi 8emz se st¥idaji zelené zony ruz-
nych odstinG, vzacnéjsi jsou zony témé¥ bezbarvé. Optické konstanty,
uvedené v tab. 4., byly stanoveny na zondrnim hrubé stébelnatém
agregédtu ze zony syté zelené a ze zony bezbarvé aZ nazelenalé. Roent-
genogram byl zhotoven ze zelenych partii. Chemické sloZeni schwarzen-
steinského diopsidu je v duisledku- zonérnosti znaéné kolisavé, jak je
patrno z analys, uvedenych v anglickém textu.

2. Salit — Sala. Na svém plvodnim nalezisti, podle ktereho-
dostal jméno, se vyskytuje salit v podob& Sedozelenych krystalt a kuso-
‘'vych agregdtl, tvofenych dobfe Stépnymi tabulkami, provazenymi
magnetitem. Na zdkladé analysy H. Roseho zafazuje C. F. Ram-
melsberg (20) salit ze Saly do skupiny diopsidi téméf bez Fe, s pfi-
mési Fey03 mensi nez 5% a s pomérem Fe:Mg=1:6. K zhotoveni
roentgenogramu (tab. 5.) i k stanoveni fysikalnich konstant (tab. 4.)
bylo pouZito' zminénych jiz tabulkovitych agregati.

6



3.Ferrosalit — Nordmarken., V Nordmarken se vysky-
tuje nékolik druh@ pyroxent isomorfni f¥ady diopsid — hedenbergit.
Tyto pyroxeny byly velmi pedrobné zpracovidny nékclika autory, ze-
jména G. Flinkem (7) a E. A, Wilfingem (36). Flink rozdélil
nordmarkenské pyroxeny podle zbarveni do péti typd a jako Sesty typ
popsal dal&i diopsid, od predeslych péti krystalograficky odchylny. Za
ferrosalit je mozZno pokladat Flink Gv I. typ nordmarkenskych pyro-
xend. Flink (7), Wiilfing (36), C. Doelter (3, 4) a vétSina dal-
Sich autorl oznacuji tento pyroxen z Nordmarken ndzvem ,,diopsid®,
F.J. Wiik (33) nazvem ,augit’. Pro svou tmavou barvu byva ve
sbirkdch mnohdy pcklddadn za hedenbergit (téZz sbirky min. odd. Nar.
musea). Podle chemickych analys, které uvddim v anglickém textu,
i podle optickych konstant (tab. 4.), je moZno podle dnes uZivaného
déleni isomorfni fady diopsid — hedenbergit pokladat tento pyroxen za
ferrosalit.

K zhotoveni roentgenogramu a k stanoveni optickych konstant bylo
pouzito vzorku z bohaté druzy dokonalych zelenolernych krystal(i
étvercového prifezu, omezenych té€mito krystalovymi plochami:

1. plochy hlavni: (100), (010), (101), (001),

1. plochy podradné: (111), (221), (012), (110), (130).

V tabulce roentgenogramt (5.) jsou uvedeny téz hodnoty synthetic-
kého diopsidu a synthetického hedenbergitu.

Srovnani roentgenografickych dat nerost@ isomorfni Fady diopsid
— hedenbergit nasvéd¢uje tomu, Ze hedenbergit ma vét§i mrizkoveé
konstanty neZ diopsid, coz zvlasté vynikne porovnanim hlavnich linii
téchto pyroxend (tab: 6.).

Diskuse vysledkd.

1. Vysledky ukazuji, Ze jednotlivé pyroxeny uvedenych - fad je
moZzno urcovat téZ pomoci roentgenu. P¥i uréovani sloZitych pyroxenl
s riznymi isomorfnimi pfimésmi je vyhodné porovnani vysledkd optic-
kych i roentgenografickych method pro vzdjemnou kontrolu.

2. Na zakladé srovnani roentgencgramui dvou isomorfnich fad, ve
kterych se zastupuji Mg-komponenta s Fe-komponentou, je moZno
predpokladat, Ze Zeleznaté pyroxeny maji vétsi miizkové konstanty nez
hofecnaté. V Fadé diopsid — hedenbergit jsou tyto rozdily zvlasté patrné,
v fadd enstatit — hypersthen nejsou zcela presvédcéujici.

3. Prace prinasi nékolik novych konstant pyroxent z nekterych
nalezist, zejména konstant optickych.

Zav8rem prace co nejsrdeCnéji dékupi Akademiku univ. prof. Dr
' Slavikovi za laskavé prolteni rukopisu a za cenné pfipominky
"~ a vedeni Vyzkumného ustavu sklafského v Hradci Kralové, zejména
Dr J. Voldanovi, za souhlas k publikovdni nékterych vysledkd vy-
zkumnych praci, jez dustav koordinoval. Déle dékuji pracovnikim
VUS, soudruhim J. Dvofdakovi, RNC. J. Caslavskému a
A. Skrabalovi za zhotoveni roentgenogram.



IMupoKceHp! MPUHALIEKAT K OJTHOI M3 IMIABHBIX T'PYNI MOpPoL006pa-
3YIOMUX MUHEepasoB. [ToaToMy, HECMOTPS HA CIOXKHBIE H30MOD(HEBIE 3aMe-
IEHHS OJHUX 3JeMEHTOB JIPYTUMH, CBOUCTBEHHBIE 3THM MHHepa/laM, OHHU
OBLIM IPEeIMETOM H3YUeHHs] MHOTUX HccaegoBaTened. Bulimyu BbIpaboTaHbl
pasHo0OpasHble METOAB UX AUATHOCTUKH, OCOOEHHO, ONTHUECKHE; TIOC/Ek-
HHMH MO2JKHO TIONb30BaThes C ‘GOJblLIEH YBEPEHHOCTBIO IIPH H3YUEHUH
MHPOKCEHOB € HE3HAUUTEJIbHBIMH H30MOP(MHBIMKE IIPHMECAMH, Y MHPO-
KCEHOB CJIOXKHOTO XapakTepa Heo0XOAHuMa OCTOPOXKHOCTb. OmnpefeneHie -
MHPOKCEHOB MPH TIOMOIHK ONTHUECKUX KOHCTAHT MOXET OBITb C yCIeXOM
UCIIOMB30BaHO B mIMd)aX ¥ MOPOIIKOBLIX NpenapaTax NPU HAIHUHH JO-
CTATOYHO KPYIHOTO MaTepHana IJAs MUKPOCKOIHYECKOr0 HCCAeJOBaHUA,
0COOEHHO, TIPU UCIIOJMb30BAHUU (PELOPOBCKOrO CTOJIHKA.

Hyxpael mpakTrixy (UiaBaeHHble IOPOJbl) BLIHYXKAAIOT B TOCIELHEE
BpeMS HCKAaThb HOBBIE MYTH [AJAA OUPeJeJeHHs PEeKPHCTaNTH30BAHHBIX MHU-
HepaJioB, pa3Mephbl KOTOPBIX HUUTOXKHEBL K0 CYOMHUKDPOCKONHYecKuxX. OaHIM
U3 HUX CTaJT METOJ PEHTIeHOMeTpHYeCKHH, CHelHalu30BaHHBIN [ U3Y-
YeHHUsl [PYNIl MUHEPanOB C CUJAbHOU U30MOP(HOH CMecHMOCTbIO. B BHIY
CIOXKHOCTH H NJOX0¥ 0003pUMOCTH gebaerpamMM B OOBIYHOU TIpaKTHKe
3TOT METOJI He HCHONb3yeTcd. B auTepaType peHTreHorpaduueckue
JaHHble I TPYII TakuX MHHEPasoB BecbMa CKYIHBI VckmoueHunem
aBasercsa padora B. I'. Buixona, I'. E. Mepsuna u I'. C. Bammsrrona (37),
koTOphle yxe B 1925 r. cuenanmu nebaerpaMmbl GOJbBIIOTO KOJHYECTBA
IIUPOKCEHOB, Ha OCHOBAHUH CPABHEHHA KOTOPLIX BBIJIGIUIN UEThIpe CTPYK-
TYPHBIX THUIA UX: AUONCHILOBBIH, SHCTATUTOBBIN, BOJNIACTOHUTOBBIA U PO-
JIOHHUTOBBI. B 3T0#l paGoTe MBI HAUAeM DS 3aMEUaHHH OTHOCHTENbHO
33aBUCHMOCTH MEXJY KOHCTaHTAMH KPHUCTANANUECKON PEIIeTKH U XapakTe-
poM n3oMophHBEIX mpHMecel, KOTOPblE MOXHO HaG/MI0IATh HA PEHTTEHO-
rpaMMmax 3THX MHHePajioB. B panbHeluieM B JUTepaType THM TPOOGIEMaM
He OBLIO yHe/neHO KOCTaTOYHO BHHMAaHHUA. Pspx cymecTBymomux pabor,
B OCHOBHOM, OCBEI2eT JUMb OTAEAbHbIE BOTIPOCHI, KACAIOIUECS CHHTETH-
YECKHUX THPOKCEHOB.

Jlas onpenesneHusl peKPHUCTaNNH30BAHHBIX MHPOKCEHOB B MJIABJCHHBIX
nopojax, 4yacro CyOMHKDOCKONHMYECKHMX DPasMepOB, HWJIH B COBEPIIEHHO
HHOM DA43BHTHH UeM 3TO H3BECTHO B INPHPOJE, OBLIO CHEJaHO GOJblIoe
KOJNHMUECTBO HX DPEHTIeHOIDAMM, a Tak:Ke PasHOO0DPA3HBIX MPUPONHALIX
11 MCKYCCTBEeHHBIX NHPOKCEHOB (WACTHUHO W3 KOoJIeKiud HanuonasprOro
mysesi B I. [Ipare). [Tapasrensuo co cpaBHEHHEM PEHTT'EHOIDAMM TIPOM3-
BOJMIUCH OIPEIENeHHsI TVIAaBHBIX (DU3MYECKUX KOHCTAHT, B HEKOTOPHIX
CIyyasix XUMHUYECKHe ¥ TePMUUECKHe aHaNu3bl (A1 OJHO3HAUHOTO OIlpe-
JeNeHus] UCIONb30BAHHLIX MHHEepaJIoB). biaronapsi aToMy Ha peHTreHo-
rpaMmax OblLIM yCTaHOBJEHB! JHHHH, XaDaKTepPH3YIOUHe BIIOJHE OIpere-
JIEHHBle H30MOpP(QHbIE DAl U T'PYNIB THPOKCEHOB. [losyueHnbie pe-
8Y/bTaThl OYJAyT HCOOJMb30OBAHBI AJISI COCTABJEHMS KJIH0Ya OIPeNeTuTeNs
NHPOKCEHOB Ha OCHOBAHHM PEHTTEHOTPAMM, ONTHUYECKHX KOHCTAHT M Tep-
MHUYECKHUX aHanusoB. Ha srom ompegeiaurese paGoTaeT aBTOp ¢ COTPYI-
HUKamu Hccaeposarenbexoro uHCTHTYTA cTekia B I'pague Kpanose.

[Ipennaraemas nmxe paGorTa COAEPKUT HEKOTOPHIE NAHHBIE, KACAI0-
I{HeCst UBOMOP(MHOro psAfa POMOHYECKHX MHPOKCEHOB (JHCTEHUTH) U PAJA
AHONCHA-TefeHbepruta. [lonossenns OYAYT Clem0BaTh.
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1. PomGuueckne mMHPOKCEHB (3HCTEHHUTHI).

PoM6rueckre TUPOKCEHR 06PasyIoT HenpephIBHBIN H30MOP(MHBIH PAL
sacratur (MgeSiy04) — deppocuiur (FegSisUg), mpuuem ToabKO yacrb
HUX SHCTATUT — THUIIEPCTEH M3BECTHHI B Iprpoze. OcTanbHBle U/leHbl PALA
IIPUTOTOBJEHDBl CHHTETHUYECKH. VI3BeCTHO, UTO ONTHUYECKHe U HHble (DU3H-
YyecKHe CBOMCTBA UJIEHOB HTOTO Psifa HENPEPLIBHO MEHSITCA. Y AeMbHBIH
Bec, MOKazaTeau NMPEJTOMIEHUs W CUIa JABOWHOIO JIyUelpesIOMJIeHUs yBe-
JUUUBANOTCSA C mOBbImeHHeM ‘% (eppoCHIuTa. YTOJ ONTHUECKUX OCeH
(+ 2V) yBenuuuBaercs C TMOBBIIIEHHEM Xejne3a TPUOJIM3UTENBHO IO
55 Mmoua. % FeySis0g, B manbHedIIeM OMNSTb YMEHbIIAETCS.

CpaBHenue psija PEHTTeHOTPaMM 3TOTO KH30MOP(MHOTO psia, TPH
napayieqbHOM KOHTPOJMbHOM ONPEJEeNeHNH TaBHLIX (PH3UUECKUX CBOMCTB
HCCAEIOBAHHBIX O0pPA3IOB, NMOKAa3al0 He TOJMbKO Ha HENpephBIBHOE H3Me-
HeHHe OTAeNbHBIX (DU3NYEeCKUX CBOMCTB MUHEPAJNOB, HO ¥ Ha MOCTENEHHOEe
H3MEHEHHEe PAaCcCTOSHUU HEKOTOPBIX CTPYKTYPHBIX MJIOCKOCTEH, WHOTIa
W UHTEHCHBHOCTH UX oTpaxenuil. [locrennee cBOHCTBO HYKAaeTcs B GOTO-
METPUYECKOM YTOUHEHUH HHTEHCHUBHOCTEH OTHENbHBIX PDEHTIEHOTDAMM.
IDTH HENPEePHIBHBIE MOCTEMNEHHbIE M3MEHEHHS MOTYT OBbITb HAPYIIEHB!
B TIPUCYTCTBHHU WUYXKJBIX 3TOMY HU30MOpPGHOMY DALY MpUMeced; 3TO Ka-
CaeTcsl ¥ M3MEHEHHWH ONTHYECKUX KOHCTAHT, HA uTO y2Ke yKasmiBaer A. H.
u I'. Bunuesn (34, 35) nast mpumecein AlpAl,Og nw HALSIHOs.

Wnnroctpanusi W3MeHEHUWH B PEHTreHOT'paMMaX IpuBeieHa B Tabil.
Ne 2 (aurauiickuit Texcr). Jlas aHCTaTUTa, OPOH3UTA M THUmepcreHa. Tab.
No 1 maer mpepncrasiaenue o (POMBHUYECKHUX KOHCTAHTAX STUX MHUHEDPATOB.
Jas cpaBHeHUs TIpUBEJEHBI JaHHBIC O THUMHWYECKHUX NPEJCTABUTENSX ITUX
TPEX MHUHEPAJOB: ;

1. sucrarur — bamne, Hopserus,

2. 6poH3uT — boxymkoBuie, Yexus,

3. runepcreH — Octpos cB. [1aBna, Jlabpaznop.

DHCTATUT U TUIEPCTEH M3 YKA3AHHBIX MECTOHAXOXKIEHUH ObLIH B3SIThI
B KAueCcTBE NMPUMEDPA, TaK KaKk 3HCTATUT U3 Damiae o6jamaeT OueHb HHU3-
KMMH TIOKA3aTeNsIMU JBYIPENIOMIEHUs], a THIepcTed u3 JlaGpamopa upes-
BBIYAHHO BBICOKUMH. [103TOMY HX MOXKHO CUMTATh TIPEICTABUTEISIMU KPaii-
HHUX WIEHOB U30MOP(QHOIO pPsjia, CYIIeCTBYIOIUX B TpUpOfe. B rabanie
Ne 2 mpuUBOASTCA TakKe 3HaueHwss It cuaTerHueckoro MgeSi;Og (1o
. JI. TanaBanry, I'. B. Punny u JI. K. ®peBenbio). Tak maHuble Aas CHH-
TETHYECKOT'0 SHCTATHTA HEMb3sl CUUTATh TOCTATOUHO OGOCHOBAHHBIMY,
B Taba. Ne 3 OHU He TIpUBOASATCS.

1. DHcraruT—Dbamie: 3MeCh W3BECTHBI JBA MECTOHAXOKIEHHUST HCTa-
 ruta. B o6oux Cryuasx OHM HAXOOATCS B OJAMHAKOBLIX YCAOBHSIX.

a) bamiae-—Opgerapjed. ABTOPOM OBLIH M3MEPEHBLI ONTHYECKHE KOH-
CTaHTBI KPYMHOTO CEPOT0 — IO CEPO3EJIEHOI0 KPUCTA/Ia OTPAHUIEHHOTO
(110), (100), (023), (223); aucrarura u3 bamre-Keppecrajga ceposeie-
HOI'0, MAaCCHBHOTO, MECTaMH IePeXOIAIero B CBETJIOCEPO3eJeHOBATHIH
CepHeHTHH. XMMHUUeCKUe aHaMu3bl 000UX SHCTATUTOBR IPUBEEHBI B AHTIHI-
CKOM TEeKCTe.



2. Bpousur—FBoroymxopnie. KoHCTaHThl 2TOro OpOH3UTA, IMpHBE-
neHHble B Tabm. Nel—2 Obiium HAHIEHB HA CEPOM A0 3€JE€HOBATOCEPCM
rpy603epHUCTOM arperate C SICHOH JIaMEJOBAHOCTHIO H XOPOIIO pas-
BUTOH CHAHHOCTbIO, XaPaKTEPHBIM IIeNKOBHCTLIM O/J€CKOM, MECTAMH C Me-
TALIHUECKUM OTJIUBOM. B OpoH3UTe HaWJeHbl HeOOMbIINE TPUMECH MOHO-
KJIMHUYEeCKOT'0 NMHUPOKCeHa, BEePOsITHO, AHA/iara, U 3ejeHble 3epHA XPOM-
JUOICHIA BHUIUMble HEBOODPYKeHHBIM TyazoMm. @, Yiabpux (28) Ha ocHO-
BaHUM HalJeHHOro U3 3Hauenuss Ng, mnpexnmnosaraeT B GOrOYIIKOBCKOM
Gpousure usomMopduy mnpumech oxomo 10 % wmox. FeySisOq. HoBble
H3MepeHUd, IPUBOAKUMBIe B Tabua. No 1, IOATBEPKAAIOT STO.

3. I'mnepcreH—OcTpoB cB. [1aBia.

KoucranTel, npuBenennbie B Tabma. No 1, Obiin HalgeHBI aBTOPOM Ha
TEMHOCEPOM MACCHBHOM THIIepCTEeHE («IaBJUTE») € SCHOH CIaHHOCTbIO
no rpanu (010). DTy rpanu xapakTepU3YIOTCS MOGEKANOCTBIO IO MeTal-
JIMUECKH KPACHOKOPUUHEBOI'O 'I[BeTa. XUMHUECKUH aHANU3 <«IABJIUTA»
NPUBEJEH B AHTJIMUCKOM TEKCTe.

B Buay Toro, uro peHTreHOT'DaMMBbI MHPOKCEHOB, KaK U BCEX (CJIOXK-
HBIX CH/IMKATOB COJMEpKAT PsIi JUHUE, 00yCHOBAECHHBIX Pa3HbIMU NpHMe-
CIMH, UTO JeNaeT ero TPYXHOUHTaeMbiM, aBTOpP B Tabm. Ne 1 mpuBoaut
JJs1 CPaBHEHHUS JHIIb IVIaBHble XapaKTepHblE JUHUYU POMOHUYECKUX TMHPO-
KCeHOB. B Taxoil ynporulenno# Tabauile ropasio HarasiHee BUAHA MOCTe-
MEHHOCTb HM3MEHEHHS HEKOTODBIX PACCTOSHHUE CTPYKTYPHBIX TIIOCKOCTEH.

2. Pap puoncuj-rejeHGeprir.

Hsomopduntit psaa guoncua (CaMgSi,Og)-renenbeprur (CaFeSiz0g)
SIBASIETCS TJIABHBIM H30MOP(HBIM PSALOM ITOJAMABIUTOB. [l OpUEHTAIMK
B aHIVIMHCKOM TEKCTe TPUBEJEHA YIPOIeHHas cxeMa u3oMopdHOro cMme-
IeHHst B ato# rpynne. V3 cxeMbl BHAHO, YTO K 3TOMY TJIABHOMY H30-
MOpP(hHOMY PNy MPUCOETUHSIIOTCS APYTUe H30MOPQHbIE PAALI U TPYIIILL.
B03M0XHOCTb HBOMOP(MHOTO 3aMeINeHys] Pas3HbIX 9JEMEHTOB M BHE TOIO-
e psiia 31ecCh BeJHKa, UTO O0YCIOBAMBAET MHOTHE TPYIHOCTH MPH Ompe-
JIeNneHuUM HuX. PasHble IpUMECH WHOTAA UYBCTBUTENbHO BJHAIOT M Ha
ONTHYECKHE KOHCTAHTHI OTHEJbHBIX MHHEPAJNOB 3TOH TDVIIIHL.

. CpaBuenue GOJBIIIOTO KOJHUECTBA PEHTTEHOTPAMM MUHEPAJOB H30-
MOp(hHOro psna AHONPHUJ-TeNeHOEePTUT U APYTUX MHUHEPANOB W3 TPYIIIh!
MOJMaBTHTOB MOKA3a/]0, TAKXKEe KaK U B Psijfie POMOMUYECKUX MHPOKCEHOB,
[OCTENEHHOCTb H3MEHEHHSI PaCCTOSHHH MEeXJY CTPYKTYPHBIMH IIJIOCKO-
CTAMH M WHTEHCHBHOCTIMH JUHHH., 31ech TakKe ObIIM TPOU3BEIEHbI
KOHTPOJIbHbIE H3MEpeHHs MM OnpejeneHus (U3UUECKUX, OCOGEHHO,
ONTHYECKHX KOHCTAHT. [lOCTEeNeHHOCTh W3MEHEHUsS PEHTTEHOTPaMM Ha-
PYIIAIOT PA3HBIMH CHOCOOAMH HEKOTOpbIE MPUMECH, €CAH OHH HPHCYT-
CTBYIQT B OOJBIINX KOJHUECTBAX, OCOOEHHO, IIPUMECH HOTaHH3EHHUTOBOH
(CaMgSiy04), xameuroBoit (CaAlSi,Og), srupunosoin (NaFeSi,0,),
kauHO3HCTeHUTOBO! [ (Mg, Fe)oSip06] xommoHeHT, a Takxe MPUCYTCTBY-
fome AlyAl,Og B aBrutax. DTu IpPUMeCH BJIHSIOT HA M3MEHEHHE OITH-
YeCKMX KOHCTaHT, Ha 4uTO yKe ykaspBaau I'. I'. T'ecc (12), A. H. 3aBa-
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punkuit (38), M. M. Becenosckuéi (29) a rtakxe rpaduxku A. H. u I
Bunuens (34, 35).

YBenuuenue refeHGepruTOBOM KOMIIOHEHTH B HM30MOP(MHOM DPSLY
JAOTICU]I-TeIcHOEPTUT COMPOBOKIAETCA IOBBIILIEHHEM ABYIPENIOMICHHUS,
'yria ONTHUECKMX OCeH, yria TOoraileHuss ¥ yJAenbHOro Beca. [lpn
npumecax 0—10 moa. % CaFeSi;Og n3MeHsOTCA TOMBKO YIABI OITH-
yecKHX oced. B 5THX mpejenax, B CBfI3W C yBeJHUeHHEM eleHOepruTo-
BOH KOMIIOHEHTHI, YMEHbIIAeTCsl yrog onTHueckux ocedr (Fecc — 12.

V3MeHeHUs PeHTreHOMETPHUECKUX JMaHHBIX HIMIOCTPHpYeT Tabm. Ne b,
B KOTOPO¥ NPUBEJEHEL BLIUUC/ACHHBIE 3HAUEHUS DEHTTEHOIPaMM JJIs CHH-
rTernueckoro SaMgSi,Og mpupoaHoro auoncura, caaura, (eppocanrra
n cuarernueckoro CaFeSiyOg. 13 MuHepamoB CyIIeCTBYIOUIUX B IPUPOJE
[PUBEJEHBI CHAeLYIOIHe TUIIMUYHBbIE TIPENCTABUTENIH PANA MONCHA-TeJIEH-
Oeprur:

1. muoncup — LBapuenmraiy, Anbnbl, THPOJb,
2. camutr — Cauna, llsenus,
3. tdeppocanrur — Hopamapkes, LlIBenus.

1. Amoncuy — IllBapreriuTain, AJBIHL.

Jlvoncun BCTpeuaercss 34eCh B BHAE CTOMOUATBIX U IpydocTedesb-
Y4ThIX arperatoB, HENPOCBEUHUBAMONIUX, MOMYIPOCBEUHBAIOUUX KO IPO-
3pauHbIX. Arperatbl W KDHUCTA/MIbI ObIBAIOT 30HAPHBI, € IepeMexar-
IIMMH 30HAMH Pa3/IMUHBIX 3eJeHbIX OTTEHKOB, peXKe BCTPEUaloTCs 30HbI
noutu OecuBerTHble, B Taba. Ne 4 mpuBegeHBl ONTHUECKHE KOHCTAHTHI,
HauJeHHble B rpybocrebenbuaToM 30HADHOM arperare, € IepeMexaro-
MMM 30HAMH HHTEHCHBHO 3eJeHOTO I[BeTa WU IIOUTH OEeCUBETHBIMH [0
3eJeHOBaThIX. PeHTrenorpaMma Oblla MOJy4YeHA W3 3€JeHOOKpPAalleHHBIX
YUacTKOB MHHepasia. XUMHUYECKHH COCTaB MIBAPLEHIITAHHCKOIO AHOICHIA
HEIOCTOSHEH, H3MEHEeHHUsI €0 COCTaRa 3aBUCAT OT 30HAPHOCTH KPHUCTAJIOB,
4YTO MJIOCTpUpYeET Tabauna (CM. aHTIHHCKHE TEKCT).

2. Camur — Cauna, lllpenns.

Canut BCTpeuaercs 31ech B BHJE CePO3€AeHOBATHLIX KPHCTANIOB U
MAaCCHBHBIX arperartoB, 00pa3OBaHHBIX TaOMMUKAMH C XOpoIleH crai-
HOCTBIO; COTIPOBOKIAETCS MarHeTHTOM. Ha OCHOBaHHMH XUMHYECKOTO aHa-
ausa I'. Poze K. ®. Pammennscbepr (20) orrocur canut us Canbl K Tpymie
6e3:KeJIe3UCTHIX JHOICHAOB, B KOTOPHIX coxepxanue FeyO3 He npesw-
maeT 5 % a orHouieHne Fe:Mg =1:6. dusuueckue KOHCTaHTHI (Tadl.
Ne 4) u penrrenorpamma (1aba. Ne 5) Oblny mOaydeHBI U3 TaOJUTUATHIX
arperaroB cajauTa.

3. ®eppocarnr — Hopjmapked, [lIpenus.

B HopamapkeHe HaiJeHO HECKOJbKO Pa3HOBUIHOCTEH IMHPOKCEHOB
W3 IPYIIBL AMONCHA-TefeHOeprut., IlogpoOHble OMHCAaHUS MX MPUBOIHUT
psix aBTOpPOB, ocobeHHO, I'. ®aunx (7) u A. E. Broabguar (36). ®aunk
BBIJEJNI CPEeIU HOPAMaPKEeHCKUX MHPOKCEHOB IATh THIIOB IO HX OKpacke
¥ THII IIECTOH, OTIAMYHBIH OT IPelBbIAYIUX IO CBOEMY KpHCTamIorpadu-
yecKkOMy 06aMKy. [TepBplii PAMHKOB TUI MOXKHO CUHTATb (DePPOCATHTOM.
®nusk (7), Broabbunr (36), K. Hdearep (3, 4) u OOJBIIUHCTBO APYTHX
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HCClIeoBaTeNell Ha3bIBAIOT 9TOT TMHUPOKCEH «AHONCHAOM», B. M. Buur (3)
«aBrUTOM». Dbaarogaps CBOeH TeMHOH OKpacKe B MHOTHX KOJJIEKIUAX
cynTaercs regenbepruToM. XUMHUUECKHe aHAMU3bI (CM. aHIVIMHCKHH TeKCT)
H ONTHYECKHe KOHCTAHTBhI T'OBOPAT (cM. Taba. Ne 4), uto mepei HaMu
(beppocanuT, B COBPEMEHHOM ero INOHMMAHHH.

PenrtresorpaMma u ONTHUECKHE KOHCTAHTEL OBLIN IIOJLYUEeHDLI U3 LPY3bl
Goraroil 3eJIEHBIMH, XOPOIIO OTPAHHUEHHBIMH KPUCTAMJIaMH, Ha KOTODPBIX
OplIM HalileHBl CHAeLYIOLIKe IDaHu:

1. rmasubie rpanu — (100), (010), (101) u (001),
2. mopunHeHHble rpand — (111), (221), (012), (110) u (130).

B rabiuie sHaveHuii peHTrenorpaMm (tadda. Ne 5) mpuBeieHBI TaK Ke
3HAUEHHUS] CHHTETHYECKODTO JUOICHAA B CHHTETHUCCKOTO refeHbeprura.

CpaBuenne peHTTeHOTpa(UUIeCKUX JaHHBIX MHHEDANIOB M30MOPMHOTO
psila DHONCHI-reieHOEPTUT CBUAETENbCTBYET O TOM, UTO Y refeHOeprurTa
KOHCTAHTBl KDUCTAXINYECKOH DEIIeTKH KpyNHee, UeM y JHOICHA4, UTO
0CO06eHHO SICHO BUIHO TIPU CPAaBHEHMM TIJI2BHBIX JUHHH 5THX MHUHEpPAalOB
(cM. Tabi. Ne 6).

3aknrouente.

1. PeayabTaTer 3TOH paGOTH YKA3LIBAIOT Ha TO, UTO OTJENbHbBIE MHPO-
KCEHDBI, IIPUBELEHHBIX BBIIE PALOB, MOXKHO OTPEAENTb ¥ [PH TIOMOIIH
peHTreHorpaMM. lIpu onpejeneHUn CHAOXKHBIX THPOKCEHOB C PA3HBIVU
H30MOD(MHBIMU TIPUMECSMH BBIMOJAHO HDPOH3BOJAUTH CpPaBHEHHE JIaHHBIX,
MOMYYEHHBIX OUTHYECKUMH H PEHTTeHOIDa(UUecKUMH Merojamu (ns
B3aUMHOI'O KOHTDOJISA).

2. Ha ocHOBaHMHK CDaBHEHHS DEHTIEHOIDaMM JABYX U30MODP(HBLIX psi-
JIOB, B KOTOpHIX mpencrasiensl Mg u Fe-KOMIOHEHTH, MOXHO mpeio-
Jararb, 4TO y KOMIIOHEHTOB C JK€Je30M BLICIIHE KOHCTAHTBI PEIleTKH,
BBIIlle YeM MargesnajbHble. B pAjge HMONCHI-TeLeHOEPTUT OTH DAa3AUUYUS
0COOEHHO BeNUKM; B pPsALE 2HCTATUT-THIEPCTEH HE SIBJSIOTCS COBCEM
yOeIuTeTbHBIMHA.

3. PaGora npuBOJLUT HECKOMBKO HOBBIX KOHCT2HT MHUPOKCEHOB W3 He-
KOTOPBIX MECTOPOXJIEHNUH, OCOOEHHO, KOHCTAHT ONTHYECKUX.

ITepesern nnx. A. A. Marnaxos.

Contribution to Identification of Pyroxenes

The group of pyroxenes is one of the main groups of rock minerals.
For that reason it was the object of very much studies, although the
isomorphous gubstitution of elements in this series is relatively very
complicated. For determination of pyroxenes many auhors formed
a great number of methods, especially optical, able to be used in groups
with a lower isomorphous substitution relatively surely, in-complicated
groups with certain reservations, The identification by means of optical
constants is able to be used successfully in sections and in powder-
preparates especially by means of the universal stage, if we have at our
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disposal sufficiently great individual crystals for microscopical re-
search. ‘ .
The wants of praxis, in our country during the last years (molten
rocks), however, called for a discover of new methods for identification
of recrystallized minerals, often very small, or even for the roentgeno-
graphical research of a mineral group, for which there are used because
of a great isomorphous substitution and therefore of great complication
and an unclearness of powder photographs, usually not roentgeno-
. graphical methods for identification. Theretore we find not even in lite-
rature enough necessary papers, referring to roentgenographical data
of these minerals, excepting the papers by W. A. Wyckoff, H E.Mer-
win and H. S. Washington (37), who produced already in 1925
powder X-ray photographs of many pyroxenes and by means of compar- -
ison of different roentgenograms divided these minerals into fore
structural types (diopside, enstatite, wollastonite and rhodonite struc-
ture). In this paper we find also several menions to the dependence of
different isomorphous substitutions on cell-constants, which can be
traced in X-ray photographs of these minerals. There was paid little
attention to these questions in literature except several papers dealing
with partial questions and relating predominantly to synthetical
pyroxenes.

In order to identify by means of roentgen recrystallized pyroxenes
of molten rocks, often of submicroscopic size, or in quite different
development than is known from natural occurence, a great number of
X-ray photographs of the most different natural pyroxzenes for compar-
ison was elaborated. For this purpose there were used specimens
from the collections of the mineralogical department of the National
museum of Prague. Other X-ray photographs were elaborated from pyro-
xenes prepared synthetically. Parallely with comparison of crystal
structures also the main physical constants were determined or
chemical and thermical analyses made, in order to determine the
minerals, used for comparison, quite faultlessly. In this way it was
possible to determine in X-ray photographs certain lines, characteristic
for pyroxenes of certain isomorphous series and groups. By means of
these results will be made a key to identification of pyroxenes by
roentgen, optical constants and thermical analyses. The key is in pre-
paration by the author of this paper in collaboration with the members
of the Glas Research Institute at Hradec Kraloveé.

This paper included only several data relating to isomorphous series
of rhombic pyroxenes (enstenites) and the series of diopside — heden-
bergite. Next complementary papers will follow.

In order to enable en easy comparison of roentgenograms, almost
all photographs are made under the same conditions with apparatus
Hilger-micro in the Glass Research Institute in Hradec Kralové; @of
the camera 63,66 mm, CoKwjs radiation, 1=1,787 kX. Filtered through
Fe.25kV, 40 mA, exposition 150 min, Used film Agfa-Laue.

The optical constants were determined for sodium light with partial
use of the universal stage. The indices of refraction were determined
refractometrically by means of immersion oils with accuracy. = 0,001 —
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0,005, cNg with accuracy = 10°. The densities were determined pycno-
metrlcally with accuracy = 0,002.

For the sake of clearness I do not mention the microscopical observa-
tion (for example pleochroism) because these facts are known. On the
contrary I quote, where necessary, the macroscopical description of used
specimens in order to prevent mistakes in cause of comparison,

I. Rhombic pyroxenes (enstenites)*)

The rhombic pyroxenes form a continuous isomorphous series of
enstatite (MgySiy0g) — ferrosilite (FeySigOg), but only a part of them,
enstatite to hypersthene, are known from natural occurrence. The rest
of them has been prepared synthetically. As known, optical and other
physical constants of the members of the isomorphous series change
qu'te continuously. The refraction indices and the birefringences increase
with the increasing ferrosilite component, just as the density. The
optical axial angle (+4-2V) increases with increasing ferrous component
approximately to 55 mol. Y% Fe;Siy0g, whereupon it again decreases.

Through comparison of a number of X-ray photographs of the iso-
morphous series, at which also the main physical properties of the used
specimens had been determined for control, it was ascertained, that in
the same way, as continuously changed the different physical constants
of members of this series, the distances of some lattice, eventually the
intensities of their reflexes changed more or less too. The last features
could be determined with definitive validity only by means of a photo-
metrical measurement of infensities of different X-ray photographs. The
continucus changes can be of course troubled by larger isomorphous-
substitutions belonging not to the series in the same way as these
troubled the continuity of the change of optical constants, as A. N. and
H. Winchell (34, 35) quote for admixture Al,Al;O5 and HAISiyOg.

In table 2 I demonstrate the changes of the X-ray photographs
the data of X-ray photographs of enstatite, bronzite and hypersthene,
in table 1 their physical constants. I introduce for comparison the
following typical representants of the three minerals:

1. enstatite — Bamle (Norge),

2. bronzite — Bohougkovice (Bohemia),

3. hypersthene — Isle St. Paul (Labrador).

Enstatite and hypersthene from the mentioned localities were selected
for the very low refraction indices of the enstatite from Bamle and the
very high one of the hypersthene from Isle St. Paul. They may be taken
for extreme members of this isomorphous series, occurring in nature.

Because the X-ray photographs of these both minerals are known
from the literature (Hanawalt — tables, 6) and satisfy, I mention the
values of quoted tables. In table 2 I mention also the values of the syn-
thetic Mg,SiyOg according to the tables Hanawalt — Rinn — Frevel (9).
As the quoted data of the synthetical enstatite are mnot satisfactory,

*) In this paper I do not take in consideration the possibility mentioned by several
authors, that rhombic pyroxenes are in fact pqeudor!hombxr* in consequence of the po-
Iysyntnetlc twin of clinoenstenite crystals
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neither by the quantity of mentioned lines nor by their accuracy, I did
not consider it in table 3.

l.Enstatite — Bamle (southwest of Oslo, southern coast of
Norge): Enstatite occurs in two places there and both occurrences do
not differ:

a) Bamle — Oedegarden (fig. 1),

b) Bamle — Vestre Kjorrestad (fig. 2).
The chemical analyses of enstatites of both localities accordlng to
literature:

L IL. 1L V.

Si0q 57,86 57,62 58,00 57,67
MgO 37,67 34,72 36,91 37,91
FeO 1,40 1,96 3,16 2,89
AlLO3 1,67 1,48 1,35 1,21
CaO 0,10 0,12 — C—
Hy0 0,54 4,38 0,80 1,67
99,24 100,28 100,22 101,35

The authors of the analyses are:

I. Oedergarden: K. Johansson (14),

II.—III. Vestre Kjorrestad: W. C. Brogger and G.vom Rath (2),

IV. Vestre Kjorrestad: C. Kra fft (Brogger — vom Rath, 2).
The constants, quoted by the author of the paper (table 1) were measured
on the material from the collection of the mineralogical department of
the National museum of Prague: Enstatite -—— Oedegérden (inv. no. 22.065):
great grey to grey-green crypstal with the forms (110), (100), (023),
(223); enstatite — Vestre Kjorrestad (inv. nc. 22.059): grey-green,
.massive, here and there changing into lighter massive serpentine.

2. Bronzite—Bchou8kovice (northwest of Kfemze, South
Bohemia). The quoted constants (table 1—2) were determined at a grey
to green-brown aggregate of large grains, well cleavable and clearly
lamellar, with a silk luster, here and there with a slightly metallic hue.
Bronzite is mixed with a smaller quantity of monoclinic pyroxene,
probably diallage (according to microscopical observation), macroscopi-
cally it is accompanied by green grains of chromdiopside (determined
by F.Ulrich — 28). Ulrich supposes on the base of the determined
Ng of the Bohouskovice bronzite an isomorphous admixtion of approxi-
mately 10 mol. % Fe,Siy0. New measurings introduced in table 1,
confirm this opinion.

3. Hypersthene — Isle St, Paul (coast of Labrador). The
constants given in table 1 were determined by the author on a dark
green massive hypersthene (“paulite”) with distinct parting by lamels
in the plane (010). On these planes the change af colours to metal reddish
brown is distinct: According to the data of Hanawalt tables (6) the
nypersthene of Isle St. Paul has the following chemical composition:
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Si0y 52,19
MgO 20,06
FeO 14,25
Al,O5 6,23
CaO 3,26
FeqO3 1,21
TiO, 0,50
MnO 0,32
98,02
Table 1.
. , T Ng—
Mineral Ng | Nm | Np Np G Author
Enstatite: | )
synthetical 1,6585] 1,552 | 1,650 | 0,0085 Winchell (34, 35)
3,15 | (Winchell 35)
Oedegarden 1,661 | 3,165 | Koutimsky
3,153 | Brogger-Rath (2)
Kjorrestad 1,664 1,655 | 0,009 | 3,176 | Koufimsky
Bronzite: ) ‘
BohouSkovice 1,670 Ulrich (28)
1,677 | 1,671 {1,666 | 0,011 \ Koufimsky
Hypersthene:
Isle St. Paul 1,705 11,702 |1,692 ;0,013 Lévy-Lacroix (16)
N 3,392 | Damour (41)
1,707 {1,699 | 1,695 | 0,012 | 3,396 | Koufimsky
1,7270 1,7158/ 0,0112 JE.Wolff
(Rosenbusch, 21)
synthetical: 1,79 1,785 | 1,77 |0,02 |[38,9 Winchell (34, 35) '

Considering that X-ray photographs of pyroxenes like these of all
complicated silicates contain a number of lines, making the X-ray photo-
graphs unclear, I quote in table 3 a comparison of the main characteristic
lines of rhombic pyroxenes. In this simplified table the changes of some

distancies of the structural planes are even more evident.

The isomorphous series of diopside (CaMgSi;Og) — hedenbergite
(CaFeSiyOg) represents the main isomorphous series of the group of
polyaugites (according to A. N. and H. Winchell [34, 35]). I quote
a simplified scheme of isomorphous mixing in this group for orientation.
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Table 2.

Mg2SisOg Enstatite Bronzite Hypersthene
I d. 1 d. I. © d. I. d.
1. 3 4,405 2 13,056 4,39
2. 5 3298 3 1745 370 5 Bk
3. 100 3,16 10 3,158 16 18,20 3,17 10 3,20
4. 291 5 2,945 3 1955 2,95 2 2,98
5. g 7 2,864 8 2015 287 8 2,890
6. 2,72 5 2,701 4 2140 2,71 3 2,725
s i 2 0,5 22,45 2,585
8. S 2,55 6 2,526 S 22,90 2,537 5 2,550
19. 2 230 6 2,472 6 23,40 2,485 5 2,482
0. 2 2 2 23,80 2,445
11. 2 2 1 2510 2324 1 2,233
12,5 6 2,105 5 27,85 2,108 5 2,112
13. 2 2,054 2 28,85 2,089 2 2,026
14. 1 ? 0,5 29,35 2,007
15. 5 1,97 2 1,974 1 29,85 1,976
16. 4 1,955 4 30,20 1,955 4 1,957 |
17. 1 05 31,55 1,877
18. 12 0,5 32,40 1,838
19. 3 1,782 .3 3345 1,780 4 1,784
20. 2 1,731 1 3455 1,729
21. I 1374 2 1,699 1 3530 1,696
22. 1 2 0,5 36,75 1,636
23. 1 1,64 . 5 1,610 5 3755 1,605 6 1,599
24. 4 1,520 4 40,06 1,517 5 1,527
25. 4 1,490 6 1,483 7 4115 1,482 8 1,486
26. 3 1,467 2 41,70 1,466
279. 2 1,417 2 4345 1416 2 14217
28. 5 1,391 5 4440 1,390 6 1,389
29. 2 1,357 1 45,70 1,357
30. 2 1,336 2 46,65 1,337 S 1,342 |
31. 3 1,312 3 1,305 4 48,00 1,304 5 1,304
Table 3.

Enstatite Bronzite Hypersthene

1. d. 2 d. i d.

10 3,16 10 3,17 16 3,20

5 2,945 3 2,95 2 2,98

7 2,86 8 2,87 8 2,89

5 2,70 4 2,71 3 1,73

6 2,526 5 2,537 5 2,550

6 2,105 5 2,108 5 2,112

5 1,610 B 1,605 6 1,599

6 1,483 7 1,482 8 1,486

5 1,391 5 1,390 6 1,389

3 1,305 4 1,304 5 1,304
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Scheme:

johansenite
CaMnSiOg
A

v
Schefferite
Ca (Mg, M4I;l, Fe) Siy04

diopside 1 salite ferrosalite hedenbergite
CaMgSizos <7 Ca (Mg, Fe) S0 < Ca(Fe, Mg)Sip05 < CaFeSiz%g
AA A
|
—
¥
augite
Ca (Mg, Fe) SiyOp
+Mgzsi206 + AIZAIQOG
A
aegirite—augite
[(CaMg), (NaFe)] 51306
A
|
v v
" jadeite aegirite (acmite)
NaALSizOG NaFeSi;Og

From the scheme it is evident, that the basic continuous series is follow-
ed by other isomorphous series and groups. The possibility of iso-
morphous substitution of different elements, even out of the series, is
very remarkable, in consequence of which there are many troubles
with their determination. Different admixtures influence namely very
often also optical constants of different minerals of the group.
Through comparison of a great number of roentgenograms of
minerals of the isomorphous diopside — hedenbergite series and of
other minerals of the polyaugites group, similarly like in the series of
rhombic pyroxenes, a continuous change of distances of structural planes
and of the intensity of reflexes has been determined. In this series the
physical, mainly the optical constants were determined for control too.
The continuity of changes of the X-ray photographs is in different man-
ner by some admixtures when they are in greater guantity, especially
the admixtures of the johannsenite- (CaMnSiyOg), jadeite- (NaAlSiyOg),
aegirite- (NaFeSiyOg), klinoenstenite- [(Mg, Fe)y3is0g] constituent and
that of Al,AlyOq, present in augites. The presence of these admixtures
manifest itself, as already said, in changes of the optical constants, as
proved by H. H. Hess (12), A. N. Zavarickij (38) and M. M. Ve-
seloviskaja (29) and the graphs by A. N. and H. Winchell (34, 35).
With the increasing hedenbergite constituent the refraction indices
of these isomorphous series diopside — hedenbergite, the angle of optical
axes, the extinction angles and the specific weight increase. Only the
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angle of diopside optical axes in case of admixture 0 — 10 mol. %
CaFeSi)0¢ decreases temporarily with the increasing hedenbergite com-
ponent (H. H. Hess — 12).

For demonstraticn of the changes of roentgenographic data I give
in table 5 the valuation of X-ray photographs of the synthetic CaMgyOg,
the natural diopside, salite, ferrosalite and synthetic CaFeSisOg. From
natural minerals I mention the following characteristic representants of
the diopside — hedenbergite isomorphous series:

1. diopside — Schwarzenstein-Alpe (Tirol),
2. salite -—— Sala (Sweden),
3. ferrosalite — Nordmarken (Sweden).

1. Diopside — Schwarzenstein-Alpe (Zillertal, east of
Innsbruck, Northern Tirol — fig. 3). Diopside occurs in columnar aggre-
gates and green columnar crystals nontranslucent, translucent or even
transparent. The aggregates and crystals are often zonal, while green
zones of different shade alternate, almost colourless zones are rarer.
In table 4 the optical constants were determined on a zonal columnar
aggregate from a deep green zone and from a colourless to greenish
zone (Mineralogical department of the National museum, inv. No. 22.131).
The X-ray diagram was made from green parts. The chemical com-
position of the Schwarzenstein diopside is in consequence of the zonarity
very varying, as evident from mentioned analyses.

L I IIL. Iv.
SiO, 54,23 48,47 54,85 54,16
Ca0 , 24,69 21,96 24,99 24,74
MgO 16,38 15,59 16,02 18,22
FeO 3,09 4,30 - 3,29 s 2,50
AlyO3 1,22 8,22 0,25 0,20
Fey03 0,89 — 0,15 —
Mny03 — — — 0,18
H,0 — 0,73 — -—

100,50 99,27 99,55 100,00

The authors of the analyses and their material:

I. C.Doelter (3, 4): dark-green crystals. Counted in constituents:
87 % CaMgSiyOp
10 % CaFeSiyOg
2 0/,0 MgA128105
1% MgFeySiOg.
cNg = 36°50', G = 3,192.
II. Wackenroder (30): dirty green diopside, G = 3,395.
III. C.Doelter (3, 4): light-coloured crystals. Counted in constituents:
90%  CaMgSiOg
10 0/0 CBFESizoﬁ.
cNg = 36°15'".
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IV. Wackenroder (30): light-coloured crystals.

2. Salite — Sala (northwest of Stockholm, South Sweden —
fig. 4.): On its original place of occurrence, which has given its name,
salite occurs in the form of greyish-green crystals and massive aggre-
gates, formed by well cleavable plates, accompanied by magnetite. Salite
from Sala was analysed by H. R ose. His analysis was cited by C. F.
Rammelsberg (20). Basing on the analysis, which has not been at
the author’s disposal, Rammelsberg classifies salite of Sala into the
group of diopside almost without Fe, with admixture of FeyOz smaller
than 5 percent and with the relation Fe : Mg = 1 : 6. Further data about
salite from its original occurrence were not obtained by the author. The
X-ray photographs and the physical constants were determined on
tabular aggregates (Min. dep. of the National museum, inv. No. 22 147).

3. Ferrosalite — Nordmarken (near Philipstad, Werm-
land — Sweden): At Nordmarken several of pyroxene species of the
isomorphous series diopside — hedenbergite occur. There pyroxene was
described very particularly by several authors, especially by G. Flink
(7)and E. A, Wilfing (36). Flink divided the Nordmarken pyroxene
into five types according to the colouring:

I. dark green to greenish black,

II. dark green,
III. deep green,
IV. yellow-green,

V. white,
and at the end of his paper he described as an independent type grey-
green crystals of diopside, crystallographically different from the five
types mentioned above. The I. type of Nordmarken pyroxenes may be
taken for ferrosalite (fig. 5.). For that reason I shall not mention the
rest of types. G. Flink (7), E. A, Wiilfing, C. Doelter (3, 4) and
the majority of other authors determine this pyroxene, as well as other
types of pyroxene at that place as ‘““diopside”; F. J. Wiik (33) calls it
“augite”. Sometimes it is taken for hedenbergite in collections because
of his dark colour. According to chemical analyses, further mentioned,
and optical constants it is possible to take, according to the contempora-
neous division of the isomorphous series diopside — hedenbergite, this
pyroxene for ferrosalite, even if some chemical analyses (II.—IIL.) cor- -
respond already to salite.

I II. III.
SiO, 50,91 51,05 52,17
Ca0 22,93 22,44 22,00
FeO 17,34 17,31 16,12
MgO 7,21 5,92 7,06

F6203 0,75 0,95 e
AlyO3 0,17 1,10 0,42
MnO | 0,21 0,60 1,61
99,53 99,37 99,38
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The authors of the analysis are:

I. C. Doelter (3),

II. H. Sjogren (25),
III. Funk (8).
The mentioned results of analyses considerably disagree with the fact
which is especially evident in the case of calculation of the different
pyroxene components in mol. %.

Anal. I. Anal. II.
CaMgSiyOg 41 mol. % 64 mol. %.
CaFeSiyOq 57 mol.% 32 mol. %
Mg(Al, Fe)3SiOg 2 mol. % 4 mol. %

The analysis made by C. Doelter can be taken for fully authoritative.

For preparation of the X-ray diagram and for determination of
optical constants there were used specimens from a crystal cavity of
perfect green-black crystals with a square section, bordered by follow-
ing crystal planes (Min. dep. of the Nat. mus., inv. No. 22.185):

1. main planes: (110), (010), (101), (001),

2. secondary planes: (111), (221), (012), (110), (130).

Table 4.
: Ng—
. Mineral Ng Nm Np Np cNg G Author
Diopside ; _
synthetical 1,694 | 1,6715 | 1,664 | 0,030 | 38030’ [2,275 | Barth (1)
Schwarzenstein v
dark 1,6991|1,6768 | 1,6701] 0,0290 Zimanyi (40)
36950" | 3,192} Doelter (4)
1,701 1,672 10,029 | 38028 | 3,276| Koufimsky
1,67946 39004/ Schmidt (24)
y . 3,395| Wacken-
light roder (20)
36015’ Doelter (3)
40018" | Schmidt (24)
1,702 38038’ KouFimsky
Salite-Sala 42030 | 3,380 | KouFimsky
Ferrosalite 1,69359 440381/o Flink (7)
Nordmarken 44040’ Zepharovich
’ (39)
1,7271| 1,7057 | 1,6986| 0,0285| 440 42" Wilfing (36)
1,785 |1,707 1,702 | 0,033 |45°07' | 3,369 | Koufimsky
1,71625 45021 Schmidt (24)
45045' Wiik (35) ;
46045' | 8311 | Doelter (3, 4)
.| 8,367 Sjogren (25)
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Table 5.

CaMgSigOg diopside salite ferrosalite CaFeSiyOg
I. 6. d . 6. d I. 6. d I. 0. 4 I. 6. d

p 0,5 9,55 5,98 | 0,5 9,60 594 |05 7°4" 6,51

2. 0,5 13,00 4,40 | 0,5 13,10 4,37 | 0,5 11935’ 4,45

3. 0,5 15,70 5,66 | 0,5 15,95 3,60, | 0,5 14°23’ 3,60

4. - 05 17,30 3,33 | 05 17,35 3,32 | 0,5 15%40’ 3,31

5| 2 1825 316 | 3 18,20 3,17 | 3 18,10 3,18 |3 16°05" 3,23 | 4 17,50 3,29
_6.0-100 19,70, 2,93 | 10 19,70, 2,93 {10, 19,55 2,95 {10 17°34’ 2,96 (10 19,65 2,94

7. 05 20,25 2,86 | 1 20,25 2,86 |3 18911’ 2,86 | 4 20,25 2,86

8. 1 2280 2,547] 1 2285 2,542/ 4 20030" 2,554

9./ 10 ;23,25 2,495 8 23,30 2,495 8 23,25 2,500| 7 20953’ 2,508 6 23,15 2,510
10.| 2 25,652,277 2 2565 2277 2 2560 2,281 2 22951’ 2,307

11 1 26,70 2,189] 1 26,75 2,189 2 26,70 2,193 2 23050’ 2,213| 4 26,45 2,216
12. 0,5 27,35 2,144| 0,5 25013’ 2,100

13| 3 27,85 2,104| 3 27,80 2,104| 3 27,70 2,111] 3 24031’ 2,156| 6 27,95 2,104
14, 0,56 28,100 2,08 | 1 24055" 2,123

15. 1 28,95 2,033] 2 26°02 2,038

160 3 29,30 2,007| 3 29,20 2,007 3 29,35 2,007} 3 26°31’ 2,003 1 29,10 2,023
17. 0,5 30,20 1,955 0,5 30,15 1,958| 0,5 27°09’ 1,964

18.| 2 32,75 1,805 1 32,70 1,810 1 '32,55 1,822( 1 29°13’ 1830| 1 33,00 1,805
19| 3 3435 1,738| 3 34,300 1,740| 3 34,20 1,745 3 30043’ 1,751

20. 0,5 136,00 1,666/ 0,5 32022’ 1,671

21.| 0,5 36,25 1,648/ 0,5 36,25 1,652| 0,5 36,40 1,648/ 1 32955’ 1,647| 2 36,20 1,658
22.| 8 37,40 1611 8 37,35 1,613| 6 37,25 1,617| 5 33%°35’ 1,617| 4 37,20 1,618
23 05 39,25 1,544| 0,5 39,25 1,544| 0,5 39,25 1,544 0,5 35016’ 1,549 2 39,70 1,529
24.] 05 40,20 1,512| 1 40,15 1,514| 2 39,95 1,521| 2 35°56” 1,524| 1 41,10 1,486
25. 1 40,80 1,492| 1 40,95 1,492| 1 40,65 1,495| 1 36%42’ 1,496| 6 42,95 1,42¢
26. 5 43,65 1,410) 5 43,45 1,416| 5 43,25 1,421| 5 38%52’ 1,425
21. 1 44,05 1,399| 1 43,85 1,405 0,5 39°30" 1,406 2 45,20 1,370
28. 0,5 45,10 1,372 2 46,85 1,330
29.| 4 47,30 1,320 4 47,25 1,321 3 47,15 1,323| 2 42022’ 1,327

30.] 4 49,30 1,277) 4 49,25 1,278 49,20 1,279, 2 44920/ 1,280

31, 1 50,20 1,259 1 150,20 1,259 50,20 1,259 1  45°14’ 1,260

32 2 51,15 1,240/ 2 51,10 1,241| 2 5085 1,246| 1 45943’ 1,250

33.| 0,5 55,45 1,168/ 0,5 55,30 1,17¢C| 0,5 55,25 1,172 1 54,70 1,17¢
34, 1 57,10 1,141] 1 57,000 1,144| 1 56,85 1,145 1 51938’ 1,141| 1 56,70 1,14¢
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In the table of X-ray photograps (9) the values of synthetic diopside
and synthetic hedenbergite are quoted too. Both minerals were prepared
in the laboratories of the Glass Research Institute at Hradec Kralové.
Their devitrification has been carried cut experimentally during different
long times. The best results were reached after a 4 hours’ devitrification.

A comparison of roentgenographic data of minerals of the iso-
morphous series diopside — hedenbergite support the theory, that
hedenbergite has greater latice constants than diopside, which is
especially evident after comparison of the main lines of these pyroxenes.

Table 6.

-~ CaMgSigOg diopside salite ferrosalite CaFeSiyOg
j d. 1. d. 1. d. L. d. L d
2 3,16 3 317 3 3,18 3 3,23 4 3,29

10 2,93 10 2,93 10 2,95 10 2,96 10 2,947
05 2,86 1 286 3 2,86 4 2,86
10 2,495 8 2,495 8 2,500 7 2,508 6 2,510
1 2189 1 2,189 2 2,193 2 2,213 4 2,216
3 1,738 3 1,740 3 1,745 3 1,751
8 1,611 8 1,613 6 1617 5 1,617 4 1,618
5 1,410 5 1,416 5 1,421 5 1,425 6 1,429
4 1,320 4 1,321 3 1323 2 1,327 2 1,330
4 1,277 4 1,278 3 1,279 2 1,280

Discussion of results.

1. The results prove that the different pyroxenes of the mentioned
series can be determined also by means of roentgen. At this determination
of complicated pyroxenes with different isomorphous admixtures the
comparison of optical results and roentgenographical methods for control

" is advantageous.

2. On the principle of comparison of roentgenograms of two iso-
morphous series, in which the Mg component varies with the Fe compo-
nent, it is possible to suppose, that ferrous pyroxenes have higher lattice
constants than these of magnesia. The differences are especially evident
in the diopside — hedenbergite series, but in the series enstatite —
hypersthene they are not quite convincing.

3. The paper mentions several new constants of pyroxenes from
some deposits, especially optical constants.
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VYSVETLIVKY K TABULKAM

Tab. I

. Krystal enstatitu z Bamle — Oedegdrden (mineralog. odd. Nar. musea v Praze

inv. & 22.086).

. Krystal enstatitu z Bamle — Vestre Kjorrestad (min. odd. Nar. musea inv.
¢. 22.061).
. Kusovy agregat salitu ze Saly, tvofeny dobfe $t&pnymi tabulkami (min. odd.

Nar. musea, inv. €. 22.143).
Tab. II.

. Skupina sloupcovitych krystalt diopsidu ze Schwarzenstein—Alpe (min. odd. Nar.

musea, inv. ¢. 3043).

. Druza krystall ferrosalitu z Nordmarken (min. odd. Nar musea, inv. ¢. 3065).

Tab. TII.

. Roentgenogram bronzitu, Bohouskovice. Data na str. 13.
e

Roentgenogram synthetického diopsidu. Data na str. 13.
Roentgenogram diopsidu, Schwarzenstein-Alpe. Data na str. 13.

. Roentgenogram salitu, Sala. Data na str. 13.

Roentgenogram ferrosalitu, Nordmarken. @& komurky 90 mm, Co Kay, 4 =
=1,787 kX. Filtr Fe. Napéti 26 kV, intensita 50 mA, exposice 210 min. Aparatura
Hilger-mikro.

Roentgenogram synthetického hedenbergitu. Data na str. 13.

EXPLANATIONS OF THE TABLES
PL I.

. Enstatite crystal from Bamle — QOedegarden (Mineralog. Department of the

National Museum Prague, inv. no. 22.066).

. Enstatite crystal from Bamle — Vestre Kjorrestad Min. Dep. Nat. Museum,

inv. no. 22.061).

. Massive aggregate of salite, formed by well cleavable plates (Min., Dep. Nat.

Museum, inv. no. 22.143).
Pl. .

. Columnar diopside crystals from Schwarzenstein-Alpe (Min. Dep. Nat. Museum,

inv. no. 3043).

. Crystal cavity of ferrosalite from Nordmarken (Min. Dep. Nat. Museum inv.

no. 3065).
Pl IIL

. X-ray diagrame of bronzite, BohouSkovice, Dates see p.13.

. X-ray diagrame of synthetical diopside. Dates see p. 13.

. X-ray diagrame of diopside, Schwarzenstein-Alpe. Dates see p.13.
. X-ray diagrame of salite, Sala. Dates see p. 13.

Aparature Hilger-mikro,

X-ray diagrame of ferrosalite, Nordmarken. & of the camera 90 mm., CoKey; 5
radiation, 4 = 1,787 kX, Filtered through Fe. 25 kV ,50 mA, exposition 210 min.
X-ray diagrame of synthetical hedenbergite. Dates see p. 13.
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