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JIRi KOURIMSKY: 

Prispevek l\: urcovani pyroxenu 

EII~,e o6. onpe]I.eneHnu nupoi<ceHoB 

(Pfedlo.Zeno 20. IX. 1955.) 

Skupina pyroxenu je jednou z hlavnich skupin horhinotvornych ne
rostu. Byla proto pfedmetem velmi mnohych studif pres to, · ze iso
morfni zastupovani prvku v teto fade je pomerne znacne komplikovane. 
K urcovani pyroxenu vypracovali ruzni autofi fady method, zejrnena 
optickych, kterych je mozno ve skupinach s mehsfm isomorfnim mise-
nim pouzivat pomerne bezpecne, u skupin komplikovanych pak s urci
tymi vyhradami. Urcovani pomoci optickych konstant je mozno s uspe
chem pouzit ve vybrusech i v praskovych preparatech, zejmena s pomoci 
universalniho fedorovskeho stolku; mame;...li. ovsem k disposici dostatecne 
velka individua pro mikroskopicky ryzkum. 

Potfeby praxe (tavene horniny) si vsak V poslednich letech vynu
tily u nas vyhledavani novych method pfi urcovanf rekrystalovanych 
nerostu, mnohdy velmi malych az submikroskopickych rozmeru. Jednou 
z techto ;urcovacich 1nethod se stal i roentgenograficky vyzkum ner9st
nych skupin, u kterych se pro znacnou isomorfni misivost, a v dusledku 
toho komplikovanost a nepfehlednost prasko:vych diagramu, roentgeno
grafickych method k urcovani obycejne nepouziva. Proto ani v literature 
nenajdeme dostatek potfebnych udaju, tykajicich se roentgenografic
kych dat techto .nerosti, s vyjimkou prace R. v..;. G. vv y c k off a, 
H. E. Mer win a a H. S. Washing ton a (37), ktefi jiz v roce 1925 
zhotovili praskove diagramy cetnych pyroxenu a na zaklade porovnani 
jednotlivych roentgenogramu rozdeliH tyto nerosty do ctyf struktur
nich typu (struktura diopsidova, enstatitova, wollastonitova a rhodoni
tova). V teto praci najdeme take fadu pfipominek k zavislosti mezi jed
notlivymi isomorfnimi pflmesmi a mf1zkovymi konstantami, kterou mu
zeme sledovat na roentgenogrameclh techto nerostu. Od te doby nebyla 
ternto otazkam venovana v literature dostatecna pozornost, neprihH.Zi:
me-li k jednotlivym pracim, feskim dHci otazky, a tykajicich se pfe
v.azne synthetickych pyroxenu. 

Aby bylo mozno urcovat pomoci roentgenu rekrystalovane pyro-

3 



xeny tavenych hornin. rnnohdy submikroskopickych rozmeru, ne'bo ve 
vyvoji zcela jinem ,nez jej zname z prfrodnfch vyskytu, bylo zhotoveno 
velke mnozstvf roentgenogramu nejruznejsfch prfrodnfch pyroxenu pro 
srovnanL K tomuto ucelu bylo pouzito vzorku ze sbfrek mineralogic
keho oddeleni Narodniho musea v Praze. Dalsi roentgenogramy .byly zho
toveny z pyroxenu, pripravenych syntheticky. Soubezne s porovnanim 
roentgenogramu byly stanovovany tez hlavnf fysikalni konstanty, pff
padne porizovany chemicke a thermicke analysy, aby nerosty, pouzite 
pro srovnani, byly urceny zcela jednoznacne. Timto zpusobem bylo 
mozno stanovit na roentgenogramech urcite linie, charakteristicke pro 
pyroxeny urcitych isomorfnfch fad a skupin. Na zaklade ziskanych vy
sledku bude sestaven klic lk urcovani jpyrorxenu pomoci roentgenu, 
optickych konstant i thermickych analys. Na tomto kllci pracuje jiz 
autor teto prace spolu s pracovniky Vyzkumneho ustavu sklarskeho 
v Hradd Kralove. 

Tato prace obsahuje pouze nekolik prehlednych dat, tykajicich se 
isomorfni fady kosoctverecnych pyroxenu (enstenitu) a rady diopsi-d 
hedenbergit. DalSi dopliiujicf prace budou nasledovat. 

I. Kosoctvetecne pyroxeny (enstenity) . . 

Kosoctverecne pyroxeny tvori plynulou isomorfni ,radu enstatit 
(Mg2Siz05) - ferrosilit · (Fe2Si205), pri cemz pouze jeji cast, enstatit az 
hypersthen, jsou zname z prirodnfch vyskytu. Ostatni pak byly pripra
veny syntheticky. :Jak je znamo, meni se opticke i jine fysikalni kon
stanty clenu teto isomorfni rady zcela plynule. Indexy lomu a dvojlom 
stoupaji s pfibyvanim ferrosilitove slozky, stejne jako specificka vaha . . 
Ohel os optickych ( + 2 V) stoupa s 

1
pfibyvanim zeleznate komponenty 

priblizne do 55 mol. 0/o Fe2Si205, nacez opet klesa. 
Porovnanim rady roentgenogramu teto isomorfni fady, pfi kterem 

byly pro kontrolu determinace urcovany tez hlavni fysikalni vlastnosti 
jednotlivych zkoumanych vzorku, byJo zjisteno, ze stejne, jako se ply
nule menf jednotlive fysikaJni konstanty clenu teto rady, menf se vice 
mene plynule tez vzdaJenosti nekterych strukturnich rovin, pfipadne 
i intensity jejich reflexL Poslednf okolnost by bylo ovsem mozno kon
statovat s definitivni platnostf teprve po fotometrickem promefeni in-· 
tensit jednotlivych roentgenogramu. Do techto plynulych zmen mohou 
ovse·m rusive zasahovat vetsi isomorfni pffmesi nenalezejici k teto fade, 
co:Z ovsem muze stejnym zpusobem narusit i plynulost zmeny optkkych 
konstant, jak uvadeji A. N. a H. Winch e 11 o v e (34, 35) pro primesi 
Al2Al206 a HAlSi205. 1 • 

,Pro demonstraci zmen roentgenogramu uvadim v tab. 2. (anglicky 
text) vycfsleni roentgenogramu enstatitu, bronzitu a hypersthenu, 
v tab. 1. pak prehled jejich fysikalnich konstant. Pro srovnani uvadim 
tyto typicke zastupce vsech trf nerostu: 

l. enstatit - BamJ.e (Norsko), 
2. bronzit - Bohouskovice (Ceclhy), 
3. hypersthen - Isle St. Paul (Labrador). 

Enstatit a hypersthen z uvedenych lokalit byly jako pfiklad vybrany 
\ 
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proto, .Ze enstatit z Bamle ma velmi nizke inde:xy lomu, hypersthen 
z Isle St. Paul pak velmi vysoke. Mohou proto ibyt pokladany za jedny 
z krajnich c1em1 teto isornorfni fC!dy, vyskytujicich se V p.firode. V tab. 2. 
uvadim tez hodnoty · synthetickeho Mg 2Si20 6 podle tabulek J. D. Ha n a
w a 1 t a, H. vV. R inn a a L. K. F rev e 1 a (9) . Protoze uvedena data 
synthetickeho enstatitu nejsou dostacujici ani poctem uvedenych re-
flex! ani svou p.fesnosti, neberu je v uvahU. jiz v tab. 3. · 

1. Ens tat it - B a m 1 e. Enstatit se zde vyskytuje na dvou 
mistech. p.fi cemz oba vyskyty se od sebe prakticky nelisi : 

a) Bamle - Oedegarden, 
b) Bamle - ,Vestre Kjorrestad. 

Chemicke analysy enstatitu ,z obou nalezisf jsou uvedeny v aillglickem 
textu. Konstanty stanovene autorem teto prace (tab. 1.), byly name.feny 
na techto vzorcich: enstatit - Oedegarden - velky sedy az sedozeleny 
krystal omezeny plochami (110), (100), (023), (223); enstatit - KJorre
stad - sedozeleny, kusovy, n11sty p.rechazejfd ve svetlejs1 kusovy 
serpentin. 

2. B r on z it - B oh -o us k o vi c e. Uvadene konstanty (tab. 
1.-2.) byly stanoveny na sedem az zelenosedem hrubozrnnem agregatu, 
dobfe stepnem a z.fetelne lam.elovanel!l, s hedvabnym leskem, misty se 
slabe kovovou lnenou barev. Bronzitu je V mensim mnozstvi p.fimisen 
jednoklonny pyroxen, patrne diallag, makroskopicky jej pak provazeji 
zelena zrnka chromdiopsidu. F. U 1 rich (28) na zaklade zjisteneho Ng 
bohouskovickeho bronzitu p.fedpoklada isomorfni p.fimesi p.fiblizne 10 mol. 
0/o Fe2Si20 6• Nova mefeni, uvedena v tab. 1. , tento nazor potvrzujL 

3. Hype r s t ih en - I s 1 e St. P a u 1. Konstanty, uvedene 
V tab. 1., Stanovil autor na tmavohneden1 az tmave sedem kusovem hy
persthenu -(,paulitu") s velmi z.fetelnou delitelnosti podle lamel v rovine 
(010). Na techto plochach je dob.fe zfetelna mena barev do kovove 
cervenohnede. Chemicka analysa je uvedena v anglickem ' textu. 

Vzhledem k tomu, ze roentgenogramy pyro:xenu, stejne jako vsech 
slozitych k.femicitanu, obsahujf .fadu linil zpusobenych ruznymi p.ff
mesmi, a ze tyto linie cini roentgenogran1 malo p.fehlednym, uvadfm 
v tab. 3. srovnani hlavnfch charakteristickych linii kosoctverecnych 
pyrotxenu. V teto zjednodusene tabulce jeste lepe vynikne plynulost 
zmen nekterych vzdalenosti strukturnich rovin. 

II. Rada diopsid - hedenbetgit. 

Isomorfni .fada diopsid (CaMgSi20 6) - hedenbergit (CaFeSi20 6) 

p.fedstavuje zakladnf isomorfni .fadu polyaugitu. Pro orientaci uvadim 
v anglickem textu zjednodusene schema isomorfniho miseni v teto sku
pine. Ze schematu je patrno, ze k teto zakladni plynule .fade se druzi 
isomorfni .fady a skupiny dalsi. Moznost isomorfniho zastupovani ruznych 
prvku i mimo . tyto .fady je zda vsak velmi znacna, coz !zpusobuje cetne 
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obtfze pri jejich urcovanL Rt'lzne primesi majf totiz mnohdy znacny vliv 
i na opticke konstanty jednotlivych nerostu teto skupiny. 

Srovnanim velkeho mnozstvi roentgenogramu nerostu isomorfni 
rady diopsid - hedenbergit i jinych nero8tu .ze skupiny polyaugitu byla 
podohne jako v fade kosoctverecnych pyroxenu zjistena plynu1a pfe,.. 
mena vzda1enosti strukturnich rovin i intensit reflexi. Rovnez v teto 
fade byly pro kontrolu urceni zjistovtmy fysikalnf, zejmena opticke kon-. 
stanty. Piynulost zmen roentgenogramu narusuji ruznym zpusobem ne
ktere pffmesi, pokud jsou ve vetsim mnozstvf, zejmena primes sloz'ky 
johannsenitove (CaMnSi,206 )~ jadeitove (NaA1Si20 6) ; egirinove (NaFeSi20 6), 

klinoenstenitove [(Mg, Fe)2Si20 6] a slozky A12A120 6 pritomne v augitech. 
Prftomnost techto .primes! se ovsem projevuje tez ve zmenach optickych 
konstant, jak ukazujf zejmena prace H. H. He ss e (12), A. N. Z a v a 
rick eh o (38) a M. M. V e se 1 o vs k e (29) a jak je patrno i z grafu 
uvadenych A. N. a H. Win c he 11 y (34, 35). 

- S pribyvanfm slozky hedenbergitove zvetsujf se v isomorfni fade 
diopsid - hedebergit indexy J.on1U. dhel OS Optickych, Uhel zhasen] 
i specificka vaha. Ke kolisanf dochazf pouze u uhlu os optickych dio
psidu pri pffmesech 0-10 mol. 0/o CaFesi20 6 ; v tom to rozmezf dochazi 

. patrne k prechodnemu zmensovanf uhlu s pribyvanfm hedenbergitove 
komponenty (H e s s - 12). · 

Pro demonstraci zmen roentgenografickych dat uvadim v tab. 5. 
vycfsleni roentgenogramu synthetickeho CaMgSi20 6, prirodniho diopsidu, 
salitu, ferrosalitu a synthetickeho CaFeSi20 6• z prfrodnfch nerostu uva
dim tyto charakteristicke zastupce isomorfnf rady diopsid - heden
bergit : 

1. diopsid - Sclhwarzenstein-Alpe (Tyroly), 
2. saHt - Saia (Svedsko ), 
3. ferrosalit - Nordmarken (Svedsko ). 

1. D i o p s i d - S c h w a r z e n 1s t e i n - A 1 p e. Diopsid se zde 
vyskytuje v hrube stebelnatych agregatech a slou:pcovitych zelenych 
krystalech, neprusvitnych, prusvitnych az pruhiednych. Agregaty 
i krystaly byvajf narrinoze zona.rnf, pri cemz se strfdajf zeiene zony ruz
nych odst!nu, vzacnejsf jsou zany temer bezbarve. Opticke konstanty, 
uvedene v tab. 4., byly stanoveny na zonarnfm hrube stebelnatem 
agregatu ze zony syte zelene a ze zony bezbarve az nazelenale. Roent
genogra.m byl zhotoven ze zelenych partiL Chemicke siozenf schwarzen
steinskeho diopsidu je V dusJ.edku zonarnosti znacne ikolfsave, jak je 
patrno z analys, uvedenych v anglickem textu. 

2. Sa I it - Sa I a. Na .sve·m puvodnfm na1ezisti, podle ktereho 
dostai jmeno, se vyskytuje salit v podobe sedozeienych krystaiu a kuso
vych agregatu, tvorenych dobre stepnymi tabulkami, provazenymi 
magnetitem. Na zaklade a.nalysy H. Rose h o zarazuje C. F. Ram
m e Is be r g (20) salit ze Saiy do skupiny diopsidu temer bez Fe, s pfi
lnesi Fe203 mens! nez 5 °/o a s pomerem Fe: Mg = 1: 6. K zhotoveni 
roentgenogramu (tab. 5.) i k stanoveni fysika.lnich konstant (tab. 4.) 
bylo pouzito' zmfnenych jiz tabulkovitych .agregatu. 
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3. F er ~r os a 1 i t - N or d m a r k en. V· Nordmarken se vysky
tuje neko1ik druhu ;pyroxenu isomorfnf fady diopsid - hedenbergit: 
Tyto pyroxeny hyly velmi podrobne zpracovany nekolika autory, ze
jmena G. F 1 ink e ·m (7) a E. A. W li 1 fin gem (36). F 1 ink rozdelil 
nordmarkenske pyroxeny pod1e zbarvenf do peti typt"1 a jako sesty typ 
popsa1 dalsf diopsid, od predes1ych peti krystalograficky odchylny. Za 
ferrosalit je mozno pokladat F 1 i n k u v I. typ nordmarkenskych pyro
xenu. F link (7), W li 1 fin g (36), C. Doe 1 t er (3, 4) a vetsina dal
sich autoru oznacujf tento pyroxen z Nordmarken nazvem ,diopsid", 
F. J. W i i k (33) nazvem ,augit". Pro svou tmavou barvu byva ve 
sbirkach mnohdy pokladan za hedenbergit (tez sbfrky min. odd. Nar. 
musea). Pod1e chemicky·ch analys, ktere uvadim v anglickem textu, 
i pod1e optickych konstant (tab. 4.), je mozno podle dnes uzfvaneho 
deleni isomorfnf fady diopsid - hedenbergit pokladat tento pyroxen za 
fprrosalit. 

K zhotovenf roentgenogramu a k stanoveni optickych konstant bylo 
pouzito vzorku z bohate druzy dokonaJych zelenocernych krystalft 
ctvercoveho prufezu, omezenych terrtito krystalovymi plochami: 

1. piochy hlavni: (100), (010), (101), (001) 9 

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

V ta!brulce roentgenogramu (5.) jsou uvedeny tez hodnoty synthetic
keho diopsidu a synthetickeho hedenbergitu. 

Srovnanf roentgenografickych dat nerostu isomorfni fady diopsid 
- hedenbergit nasvedcuje tomu, ze hedenbergit ma vetsi mrizkove 
konstanty nez d~opsid, coz zvlaste vynikne porovnanfm hlavnich linii 
techto pyro:xenu (tab; 6.). 

Diskuse vysledku. 

1. Vysledky ukazujf,, ze jednotlive pyroxeny uvedenych · fad je 
mozno urcovat tez pomod · roentgenu. Pfi urcovani slozitych pyroxenu 
s rl"tznyrni isomorfnfmi prfmesmi je vyhodne porovnanf vysledku optic .
kych i roentgenografickych method pro vzajemnou kontrolu. · 

2. Na za.klade srovnanf roentgenogramu dvou isomorfnich fad, ve 
kterych se zastupujf Mg-komponenta s Fe-komponentou, je mozno 
predpokladat, ze zeleznate pyroxeny maji vetSi mfizkove konstanty nez 
horecnate. V fade diopsid - hedenbergit jsou tyto rozdily' zvlaste patrne, 
v fade enstatit - hypersthen nejsou zcela presvedcujicL 

3. Prace pfinasi nekolik novych konstant pyroxenu z nekterych 
naiezist, zejmena konstant optickych. 

Zaverem prace eo nejsrdecneji dekupi Akademiku univ. prof. Dr 
F. SI a v 1 k o vi za laskave procteni rukopisu a za cenne pripominky 
a vedeni Vyzlkumneho ustavu sklafskeho v Hradci Kralove, zejmena 
Dr J. V o 1 d a n o v i, za souhlas k publikovanf nekterych vysledku vy
zkumnych prad, jez ustav koordinoval. Dale dekuji pracovnfkum 
vos, soudruhum J. DV 0 fa k 0 Vi, RNC. J. cas 1 a Vs k emu a 
A. S k r a b a I o v i za zhotoveni roentgenogramu. 

7 



. f1Hp0K'CeHbi npHH3,ZJ;JieMaT K O,li;HOH H3 rJiaBHbiX rpynn nopO,li;:006pa-

3YIOlll,HX MHHepaJIOB. 003TOMy, HeCMOTp.H Ha ·CJI02KHbie H30'MOpcpHbie 33~Ie
IIJ,eiHH5I O,l('HUX 3JI·eMeHTOB ,n;pyrHMH, ·C'BOHCTBe'H'Hbie 3TUM MHHepaJiaM, OHH 

6biJIH rrpe,lljMeTOM H3yiieHI15I MHOrHX HCCJie,l(O'BaTeJieH. DbiJII1 Bbipa6oTaHbi 

pa3H006pa3Hbie MeTO,ll;bi HX ,li;I13rHOCTHKH, OC06eHHO, OIITH4eCKHe; TIOCJie,IJ;

HHMH MOMHO :fiOJib30BaTbC5I C 60Jibiiiei1 YJ3epeHHOCTbiO IIpH HsyqeHHH 

III1pOKCeHOB •C He3H34I1TeJibHbiMI1 H30MOpcpHbiMH npHMeCHMH, y III1pO 

KCeHOB cJIO)KHOro xapaKTepa Heo6xo,L(HMa oeropoMHOCTb. Orrpe,L(eJieHae . 

'III1pOKCeHOB IIpH 'IIOMOlll,I1 OIITI14eCKHX KOHCT31-IT 'MOMeT 6HTb C ycneXOM 

I1CIIOJib30B3HO B IIIJIHtPax H nopo·WKOBbiX npenapaTaX npH HaJII14I1H ,L(O

CT3T04HO KpyrrHOfO MaTepHaJia ,l(JI.H MI1KpOC:K;OIUf4eCKOfO HCCJie,ll;OB3HMH, 

o ·co6eHIHO, rrp11 HCIIOJib30BaHHH £Pe,n;opoBcKoro CTOJIH'Ka. 

HyM,LI.bi npaKTHKI1 (rrJiaBJieHHbie nopo,n;br) IBbiHYM,ZJ;aiOT 13 nocJie,ZJ;Hee 

Bpe'M.H I1CK3Tb HOBble nyTH ,ll.JI.H onpe,ll.eJieHH.H peKpHCTaJIJII130B3HHbiX MH

HepaJIOIB, pa31Mepbi KOTOpbiX HH4TOMHbi ,n;o .cy6MHKpocKoiiH4eCKHX. O,n;:HHM 

ns HHX 1CTaJI !MeTQ,ZI, p eHTteHoMeTpHqecKHH, crre~HaJIH3QBaHrHbiH AJIH nsy

qeHHH rpynn MHtHepaJIOB C CHJibHOH I130MOpcpHOH CMeCHMOCTbiO. B IBHJIY 

·CJIOMHOCTH I1 IIJIOXOH 0603pHMOCTI1 ,ll.e6aerpaM'M 13 06bi4HOH rrpaKTHKe 

3TOT MeTo,n; iHe HCnOJibsyercH. B JIHTepaType peHT,reHorpacpH4eCKHe 

,n;aHHbre AJIH rpynn TaKHX MHHepaJioB BeCb'Ma CKY.ll.Hbi. YlcKJII0·4eHW~M 
.HBJI.HeTC.H pa6oTa B. r. BbiKOBa, r. E. l\1epBI1Ha H r. c. BaiiiHiHfTOHa (37), 
KOTOpbre yMe B 1925 r. ~c,n;eJiaJIH Ae6aerpa'M'Mbi 6oJibiiiOro KOJIHqecrBa 

rrnpoKcenoB, Ha OCHOIBaHHI1 cpaBHe:HHH KOTOpbrx Bbi,LI.eJIHJin qe'fbrpe cTpyK

TypHbiX 'THIIa I1X : ,ll;lfQIITCI1):(0BbiH, 3HCTaTHTO'BbiH, IBOJIJI3CTOHHTOBbiH H po

):(OHHTO'BbiH. B arofr pa6oTe Mbi Hait,ll.e:M pH,n; s.aMe4aHHH OTHOC:HTeJibHO 

3aBUCHMOCTH Me)K,z:r,y KOH'CTarHTaMn 1KpHCTaJIJIH4eCKOH peiiieTKH H xapaKTe

poM H30MOpqmbiX npH'MeCeH, KOTOpbie MO.tKHO Ha6JIIO,I:LaTb 1Ha 'pe:HTreHO

rpaMMaX aTnx· MHHepaJIOB. B .Z:WJibHeitiiieM B .J!HTepaType 3THM npo6JieMa:M 

He DbiJIO YAeJieHo ,n;ocTaTOLIHO BHUMaHHH. PH.n:. CYIIJ..eCTBYIOlll,HX pa6oT, 

B OCHOBHOM, OCBeiiJ,aeT JIHIIIb OT,n:eJibHbie BOIIpOCbi, 'KaCaiOili,HeCH ClfHTeTl'I
qeCKHX IIHpOKCeHOB. 

L(JIH Onpe,ll.eJieT-Uf.H peKpHCTaJIJI:H30BaHHbiX IIHpO~CeHOIB B IIJiaBJieHlHbiX 

110pO,ZI,aX, LJ:aCTO cy6MHKpOCKO!ITH4e·CKHX pa3MepOB, HJIH B .COBepiiieHHO 

HHOM pa3HHTH:I1 l.le'M 3TO I13BeC'flHO B IIpHpO,ZJ;e, 6biJIO 'C,L(eJiaHO 60JiblllOe 

KOJIH4eCTIBO HX peHTfeHorpaM'M, a TaK)Ke pa3H006pa3HbiX n:pHpO,ll;rHblX 

H HCKYC·CTBeHHbiX nHpoKceHO'B ('4a:CTH4!HO us rKOJI.JieKu,H:H Ha~aoHaJibHoro 
MyseH B r. Opare); napaJIJieJib'HO ·CO cpaBHeHHeM peHTreHorp<aiMM npOI13-

BO,ZJ;HJIHCb orrpe,ZJ;eJieHHH rJiaBHbiX cpH3H4eCKHX KOHCTaHT, :S HeKOTOpbiX 

CJiyqaJIX XHMH4eCKHe I1 TepMHqeOKHe aHaJIH3bl (AJIH Q,li;H03HaLJ:HOfO onpe

,l(eJieHH5:1 ncnoJib30BaHHbiX MMHepaJioB). EJiaro)l,apH 3TOIMY Ha peHTreHo

rpaMMax 6biJII1 ycTaHOBJieHbi JIHHHH, xa:paKTepH3YIOlll,ille iBUOJIHe OIIpeJ.I;e 

JieHHbie H30MopcpHbre pH,IJ;.bi H rpyn:rrbi napoKceHOB. BoJiyLJ:eHHbie pe 

syJibTaTbi 6y,ll.yT I1'CTIOJib30BaHbl ):(JI.H COCTaBJI<eHH.H KJIIOqa onpe,ZJ;.eJIHTe,7J.H 

IlllpOKCeHOB Ha OCHOBaHHH peHTreuorpaMM, OIITH4eCKHX I{OHCTarHrr I1 Tep

MH4eCKHX a:naJIH30B. Ha aTOM orrpeAeJIHTeJie pa6oTaeT aBTop c ·coTpy,n;

IHHKaMn YlccJie,li.o:BaTeJiheKoro 'HHCTHTyTa :CTeKJia B rpa,LI.~e KpaJIOIBe. 

Ope,n;JiaraeMaH H!DKe pa6orra CO,ZJ;.epMHT HeKOTOpbie ,ZJ;.arHHbie, KaCaiO 

IIJ,HeC.H H3Q:MOpqmoro :p.H,LI.a poM6H4eC'KHX nHpOK;CeiHOB (3HCTeH'HTbi) H pH,n;a 

,ll.HOI1CH,ll;-re,n:.eH6eprnTa. ,lJ;O'nOJIHeHHH 6y,n;yT CJie,ZJ;:OBaTb. 
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1. PoM6w.JeCKMe IIHpoKceHbi (3HCTeHMTbi). 

PoM6H4eCKHe 'nHpoKceHbi o6pa3yiOT HerrpepbiBHbiH H3oMopcpHbiH PH.ll. 
3.HCTaTHT (Mg2Si20 6) - cf>eppocHJIHT (Fe2Si20 6), npH4eM TOJibKO qacTb 

HX 3HCTaTHT - rHnepcreH H3BecTJHbi B rrpHpo.n.·e. OcraJib'Hbie qJieHbi .PHAa 

npHrOTOBJieHbi CHHTeTHqeCKH. J13Be<CTiHO, 4TO QIIIT'HqeCKUe H HHbie cpH3H

qeCKI1e cHOHCTBa qJieHOB 3Toro :pH.ll.a HenpepbiBHO MeHHIOTCH. Y,II.eJibHbiH 

Bee, UOKa3aTeJIH npeJIOMJieHHH H CHJia ;II:BOH'HOfO JiyqenpeJIO'MJieHHH yBe

JIHqHBaiDTCH c 1IIOBbiiiie:r-meM ·% cpeppocHJIHTa. YroJI onTH4e<CKHX oce:H 

( + 2 V) yBeJIH4HBaeTCH c noBbiiiieHHeM )KeJiesa npH6JIH3HTeJibHO lf;O 

55 MOJI. % Fe2Si20 6, iB · )J,aJibHe:HIIIeM onHTb yMeHbiiiaeTCH. 

CpaBHeiHHe pH,rr,a peHTreHorpaMM 3Toro H30MopcpHoro PH.ll.a, np11 

napaJIJieJibHOM KOHTpOJibHOM orrpe,,rr,eJieHHH rJia:BHbiX cpi13H4eCKHX CBOHCTB 
HC·CJie)J,OBaH!HbiX· o6pa3IJ;O'B, TIOKa3aJIO He TOJibKO Ha Henpe:pbiBHOe 'I13Me

HeHHe OT)J,eJib'HbiX cpH3H4e·CKHX CBOH'CTB MHHepaJIOB, HO H Ha TIOCTeiieHHOe 

H3MeHeHHe paccTOHH11H HeKoropbiX crpyKrypHbiX nJiocKocre:H, HHOr,J.a 

H HHTeHC'H!BHOCTH HX OTpaMeHHH. I1ocJie,ll.!:fee CBOHCT!BO :Hy2K,rr,aeT1CH B cpOTO

MeTpi14eCKOM yroq'HeHHH HHTe<HCHBHocre:H OT.,LI;eJih'HbiX peaTrenorpaMM. 

3TH HenpepbiBHbie nocTeneHHbie H3MeHeHHH MoryT 6biTb HapyrneHbi 

B npncyTcTBHH ·qy.lK.ll.biX 3TOMY H30IMopcpnoMy pH.ll.Y npHIMece:H; 3To Ka

caeTcH 11 nsMeHeHHH onT114eOKl1X KOHCTaHT, Ha 4To y.llie yKa3biBaeT ·A. H. 

H r. BHH4eJIJI (34, 35) AJIH npHMecefi Al2Al206 H HA1Si206. 
J1JIJIIO·CT:pau;HH H3MeHeHHH B peHTreHorpaMMaX TipHBe,LI;el'Ia 1B Ta6JI. 

N2 2 (aHrJIHHCKHH TeKcT). ,UJIH BlHICTarnra, 6poH3HTa 11 ranepcTeHa. Ta6JI. 

N2 1 ,rr,aer :npe,LI;cTa:BJier-rHe o cpOI13:H4eCK11X KOHCTaHTax 3T11X M11HepaJioB. 

,[(JIH Cp3B'HeH11H npHBe,LI;eHbi ,LI;3HHbie G TI1'IIH4eCK11X npe,II:CTaBHTeJIHX 3T11X 

Tpex M11HepaJIOB: 

1. 3HCTaTHT ~ EaMJie, HopBer11H, 

2. 6p'O!H3HT - EoxyrnKOIB11IJ;e, lfexHH, 

3. r11nepcTeH - OcTpoB CB . flaBJia, Jia6pa,rr,op. 

3HiCTaTHT H rnrrepcTe'H H3 yKa3a:HHbiX MeCTOHaXO)K)J,eHHH 6blJIH B3HTbi 

B 'KaqecTBe npnMepa, TaK KaK 3HCTaTHT '113 Ea:MJie o6Jia,LI;,aeT oqeif-Ib H113-

KHMH noKa3aTeJIHM11 . .IT;ByrrpeJIOMJieHHH, a rnnepcTeH 113 Jia6pa,LI;opa qpe3-

Bbi4ai1Ho BbiCOKHMH. TioaToMy nx !MOMHO C4HTaTb npe,rr;cTa'BHTeJIHM11 Kpafi:

HHX qJieHoB H30MopcpHoro pH,LI;a, ~cymecTBYIOIU.HX B np11pOJ.(e. B Ta6JIHIJ;e 

NQ 2 npHBOAHTCH i'aKMe 3HaLieH11H AJIH C11HTen-J:qecKoro Mg2Si20 6 (no 

H. ,U. faHaBaJITY; r. B. PHHHY 'H JI . .K. <PpeBeJibiO). TaK ,LI;aHHbie .ll..JIH C11H
TeTHqecKoro -BHtCTaTHTa HeJib3H C1IHT3Tb ,LI;OCT3TOIIHO o60CHOBaHHbi'Mlf, 

B Ta6JI . .N2 3 Oif-IH He 'IIpHBO,LI;HT'CH. 

·1. 3HCTaTMT-EaMJie: 3)l.eCb H3BeCTI-Ibi ,LI;Ba MeCTOHaXO)K.JI:,eHHH 3HCTa

THTa. B 060HX CJiyqa.HX OH11 HaXO,l(HT'CH B O,LI;HIHaKOBbiX ,YCJIOB11HX. 

a) EaMJie--OperappeH. ABTopoM 6biJIH 113MepeHbi onT11qeeKue KOH

CTaiHTbi Kpynaoro ·ceporo - .ll.O cepo3eJieaoro .KpncTaJIJia O'rpaHHqeHnoro 

(110), (lOO), (023), (223); 3HCTaTHTa 113 EaMJie-Keppecrapa cepo3eJie

Horo, MaCCHBHOfO, Me·CT3MH nepeXO,ll;HII:(ero B CBeTJfOCe:poseJieHOBaTbiH 

cepneHTHH. XHMHqecK11e aHaJIH3bi o6onx 3HCTaTHTGB npHBe,II,eHbi a aHrJiu:H. 

CKOM TeKCT1e . 



2. EpoH311T-EoroylllKOBM[{e. KoHCTaHTbi 3Toro 6poH3HTa, rrpHBe

,ZJ;eHHbie B Ta6JI . . N21-2 6biJIH Hai1,ZJ;eHbi Ha cepo:M .l(O 3eJieHoBaTocepoM 

rpy6o3epHHCTOM arperaTe ·C HCHOH JiaMeJI·OBaHO·CTbiO H xoporno pa3-
BHTOH crrai1:aocTbiO, xapaKTepHbiM rneJIKOBHCTbiM 6JieCKOM, MecTaM.H .c !\-Ie

TaJIJIWieCKHM OTJIHBOM. B 6poH3HTe Ha:H,ZJ;eHbi He6oJibiiiHe rrpHMeCH MOHO

KJIHHWiecKoro nHpoKceHa, BepoHTHO, ,ZJ;HaJIJiara, H 3eJieHbie 3epHa xpoM

,ll;HOITCH,ll.a BH,ZJ;HMbie HeBoopy)KeHHbiM rJia3oM. <P. YJibpHx (28) Ha ocHo

BaHI-m HaJ1,ZJ;eHHoro H3 3Hal!eHHH N g, rrpe,ZI,noJiaraeT IB 6oroyiiiKOBCKOM 

6poH3HTe H30MopcpHyro npHMecb o:KoJio 10 % MOJI. Fe2Si206 • HoBble 

H3MepeHI1H, npHBO,ll;HMbie B Ta6JI .. NQ 1, 'TIO,ll;TBep)K,ZJ;aiOT 3TO. 

3. funepcreH-OcrpoB CB. flaBJia. 
KoHcTaHThi, npHBe,ZJ;eHHbie B Ta6JI . . N2 1, 6hiJIH Hai1,rr,eHhi a'BTOpoM Ha 

TeMHOCepOM MaCCHBHOM rHrrepcreHe ( «rraBJIHTe») C HCHOH crraHHOCThiO 

IIO rpaHH (010). 3TH rpaHH xapaKTepH3YIOTCH rro6e)KaJIOCThiO ,ll;·O 'MeTa.7I

JIHlleCKI1 KpacHoKopHl!HeBoro - u:seTa. XHMHlleCKHH aHaJIH3 «naBJIHTa» 

IIpHBe,ZJ;eH B aHr JIHHCKOIM TeKCTe. 

B BHAY Toro, l!TO peHTreHorpaM'Mhi rrHpoKcenoB, KaK H scex 'CJI01K

HhiX CHJIHKaTO'B CO,ZJ;ep)KaT pH,ll; JIHHHH, o6yCJIOBJieHHhiX pa3HhiMH IIpHMe

CHMH, l!TO .n.eJiaeT ero TPY .ZI.HOllHTaeMhiM, aB Top B Ta6JI. .N2 1 npnBO,ZJ;HT 

,ZI.JIH CpaBHeHHH JIHIIIh rJiaBHhie xapaKTepHhie JIHHHH poM6IF-IeCKHX IIHpO

KCeHOB. B TaKo:H yrrpoll."(eHnoi1 Ta6m1u;e ropa3.n.o HarJIH,ZJ;.Hee BH,ZJ;Ha rrocTe

rrenaocTh H3MeHeHHH HeKoTophrx paccTOHHini cTpyKTYPHhix nJiocKocTei1. 

2. PHI( l(HOIIC11!(-rel(eH6eprHr. 

H3oMopcpHbiH pH.ll. ,ZJ;Horrcn.n. (CaMgSi20 6 )-re,ZJ;ea6eprHT (CaFeSi20 6 ) 

HBJIHeTCH r JiaBHbiM . H30MOpcpHbJ.M pH,LI;OM IIOJIHaBrHTOB. ,lJ,JIH opHeHTaiJ;Y.IH 

B aHrJIHH'CKOM TeKCTe IIpHBe,ZI.eHa yrrpOII."(ei-IHaH ·CXeMa H30MOpcpHOfO CMe-

IIIeHHH B 3TOH rpyrrrre. 113 CXeMbi BH,LI;HO, llTO K 3TOMY r JiaBHOMY 1130-

MOpQJHOMY PHAY rrpncoe,n;HHHIOTCH ,n;pyrHe H30MopcpHhie pH.ZI.hi H rpyrrrrbi. 

B03.MO)KHOCTh HBOMOpcpHoro 3aMelll.eHHH pa3HhiX 3JieMeHTOB H BHe TOfO

.>Ke pH,n;a s.n.ech BeJIHKa, l!TO o6ycJioBJIHBaeT MHOrHe TPYAHOCTH rrpH onpe

.n.eJieHHH HX. Pa3Hhie npHMeCH HHOr,ZJ;a llYBCTBHTeJihHO BJIHHIOT u Ha 

OIITHlleCKHe KOHICTaHTbi OT ,ZJ;eJihHhiX MHHepaJIOB 3TOH rpyrriihl. 

. CpaBHeHHe 6oJihiii·oro KOJIHlleCTBa peHTreHorpaMM MHHepaJIO'B H30-

MopcpHoro pH,ZJ;a ,ll;HOIIpH,ZJ;-re,rr,eH6eprHT H ,n:pyrHX MHHepaJIOB H3 rpynrrhi 

IIOJIHaBrHTOB rroKa3aJio, TaK)Ke KaK u B PHAe poM6Hl!eCKHX rrHpoKceHOB, 
IIOCTeiieHHOCTb H3MeHeHHH paCCT'OHHHH Me)K,ZJ;y •CTpyKTypHbiM.H IIJIOCKO

CTHMH H HHTeHCHBHOCTHMH JIHHHH. 3,ZJ;e·Ch TaK)Ke 6hiJIH 11pOH3Bell.eHhi 

.KOHTpOJibHbie H3MepeHHH ,ZI.JIH onpe,ZJ;eJieHHH QJH3HlJeCKHX, OC06eHHO, 

OHTH4eCKHX KOHCTaHT. nocTerreHHOCTb H3MeHeHHH peHTreHorpaMM Ha

pyrnaiOT pa3HbiMH CIIOC06aM:H HeKOTOpbie 11pHMeCH, eCJIH OHH IIpHCYT

CTBYIQT B 6oJihiiiHX KOJIHlle·CTBax, oco6eHHO, npHMeCI1 HoraHH3eHHTOBOI1 
( CaMgSi20 6 ), )Ka,ZJ;eHTOBOI1 ( CaAISi20 6 ), arHpHHOBOH (N aFe.Si20 0 ), 

KJIHH03iHCTeHHTO'BOH [ (lVIg, Fe) 2Si206] KOMrroHeHT, a TaK.>Ke rrpHCYTCTBY

IOII."(He A12Al20 6 B aBrHTax. 3TH rrpHMeCH BJIHHIOT Ha H3MeHeHHe O'IITH

qe·CKHX KOHCTaHT, Ha lJTO y)Ke yKa3bi'BaJIH r. r . recc (12), A. H. 3asa-

.-· 
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PHU:KHH (38), M. M. BeceJIOBCKHH (29) a TaK)I{e rpaqmKH A. H. H r. 
BHH4eJIH (34, 35). · . 

YBeJiwieHHe re.n;eH6eprHroBol1 KOMITOHeHTbi B HSOMopcpHoM PHll.Y 

,li,HOflCHJJ,-re.n;eH6eprHT COITpOBOl:K,li,aeTCH ITOBbiiiieHHeM ,ll.ByrrpeJlOMJieHH}I, 

' yrJia orrTI·fl-IeCKHX oceH:, yr Jia norarneHHH H y ,ll.eJibHOro Beca. Il pH 
npHMeCHX 0-10 MOJI. % CaFeSi20 6 H3MeHHIOTCH TOJibKO yrJibl OHTH· 

qecKHX oceH:. B arHx rrpe,ll.eJiax, B CBH3H c yBeJIH4eHHeM re.zr.eH6eprHro

BoH: KOMITOHe'HTbi, yMeHbiiiaeTCH yroJI OITTH4eCKHX OCeH (fecc - 12. 
J.1sMeHeHHH peHTfe>HOMeTpH4eC:KHX .n;aHHbiX HJIJIIOCl'pHpyeT Ta6JI. ,NQ 5, 

B KOTOpOH rrpHBe,li,eHbl Bbi4HCJieHHbie 3Ha4eHHH peHTfeHOrpaMM ,ll.JIH CHH· 

rcrw-recKoro SaMgSi20 6 · rrpHpo.n;Horo .n;HorrcH.n;a, caJIHra, cpeppocaJIHTa 

H CHHrerHqecKoro CaF:eSi20 6• Hs MHHepaJioB cyiii.eCTBYIOIII.HX B rrpHpo.n;e 

I1pl1Be,ll.eHbl CJie)l.yiOIII.He THHH4Hble npe,li,<CTaBHTeJIH p.H,ll.a ,ll.OITCH,ll.-re.n;eH-

6eprHT: 
1. .n;HoncH.rr, __J lllBapu;eHrnral1H, AJibrrbr, THpOJib, 

2. caJIHT - CaJia, lliBeiJ;HiH, 

3. cpeppocaJIHT - HopJI.MapKea, lllBeiJ;HH. 

1. Jl,woJJcWJ{ - lllsapl{·eHlllTaiiH, AJibJJbi. 
,[LHOITCH,l( BCTpeqaeTCH 3,ll;eCb 1B BH)l.e CTOJI64aTbiX H rpy6oere6eJib-

4aTbiX arperaroB, HerrpocBe4HBaiOIII.HX, noJiyrrpocBe4HBaiDIII.HX ,ll;O npo

spa~HbiX. ArperaTbi H ·KpHcraJIJibi 6biBaiDT soHapHbi, ·C nepeMel:KaiO:. 
III.HMH 30HaMH pa3JilfliHbiX 3eJieHbiX OTTeHKOB, pel:Ke BCTpeqaiOTCH .30Hbl 

IT04TH 6ecu;BeTHbre. B ra6JI . Ng 4 rrpm3e,n;eHbi onntLiec·KHe KOHCTa'HTbi, 

HaH,z:r,eHHbie B rpy6ocre6eJib4aToM soHapHOM arperare, ·c rrepeMel:KaiO
III,HMH 30H3MH HHTeHCHBHO 3eJieHOfO IJ;BeTa I1 I104TH 6eCIJ;BeTiHbl'MI1 ,J;O 

.seJieHOBaTbiX. PeHrreHorpaMMa 6brJia rroJiy4eHa H3 seJienooKparneHHbiX 
yqaCTKO'B MHHepaJia. XI1MI14eCKHH COCTaB IIIBapu;e'HIIITaHlHC:KOfO )l.,HOU~H,a;a 
HeUOCTOHHeH, H3MeHeHI15I ero COCTaBa 3aBHCHT.OT30HapHOCTH KpHCTaJIJIOB, 

4TO HJIJIIOCTpHpyer Ta6JIHIJ;a (CM. aHrJIHHCKHH TeK<CT). . 

2. Cam1r - CaJJa, IllBell,WH. 
CaJIHT :HcrpeqaercH SJI.eCb B BH,n;.e ceposeJieHoBaTbiX KpacTaJIJIO'B H 

MaccHBHbiX arperaroB, o6pasoBaHHbiX ra6JIH4KaMH c xoporneH: ·cnaH:
HOCTbiD; COHpOBOl:K,ZI.aeTCH MarHeTHTOM. Ha OCHOB3HHH XH<MHLieCKOfO 31Ha

JIH3a r. Pose K. <P. PaMMeJibC6epr (20) OTHOCHT caJIHT H3 CaJibi K rpyrrrre 
6es)f(eJie3HCTbiX .rr,Horrcn,n;oB, B KoropbiX .co.n;epl:KaHHe Fe20 3 'He rrpeBbi· 

rnaer 5 % a orHollleHHe Fe: Mg = - 1: 6. <PI1snq-ecKHe KOiHCTaHTbi . (ra6JI. 

Ng 4) H peHrreHorpaMMa (ra6JI • . NQ 5) 6biJIH noJiy4eHbi :Hs Ta6JIHT4aTbiX . 

arperaroB caJIHTa. 

3. ct>eppocaJJMT - Hopl(MapKeH, lllBel{WH. 
B Hop,n;MapKeHe HaH:.n;eHo HeCKO.h:bKO pasHOBH.n;Hocrel1 nupoKceHOB 

H3 rpyiTITbi ,li,HOITCH,ll;·re.n;ea6eprHT. f1o.n;po6Hbie OITHCa'HHH HX npHBO,li,HT 

pH,n; aBropoB, oco6eHHo, r. <PJIHHK (7) H A. E. BIOJibcpHHr (36). <l>JIHHK 
Bbi,l(eJIHJI cpe,n;H HOp.n;MapKe'HCKHX I1I1pOKCeHOB ITHTb THITOB ITO HX OKpacKe 

I1 THll IIIeCTOH, OTJIH4HbiH OT rrpe,ll.bi)l.YIII.HX no CBOeMy KpHCTaJIJIOrpacpH· 

4eCKOMY 06JIHKy. flepBbiH <f>JIHHKOB THIT MO)KHO Cl.!HT3Tb cpeppocaJIHTOM. 

<PJIHHK (7), BIDJibcpHHr (36), K. }J,eJirep (3, 4) H 6oJiblllHHCTBO ,L~;pyrHx 
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HOCJie,ZI,o:BaTeJie:H HaSbiBaiOT aTOT :nHpOKCeH «,ZI,HOnCH,li,OM», B . M. BHHr (3) 
«aBrHTOM». oJiaro,zr,apH •CBOeH Te'MHOH OKpacKe iB M'HOfHX KOJIJieKIJ;H5IX 

cqHTaeTCH re,ZI,eH6eprHTOM. XHMIFieCKHe aHaJIHSbi (cM. aHrJIHHCKHH TeKcT) 

H OITTW-!eCKHe KOHCT3HTbi fOBOpHT (CM. Ta6JI . N9 4), IITO nepe,ZI, HaMH 

cpeppoCaJIHT, B •COBpeMeHHO'M ero HOHHM3HHI1. 

PeHTreHorpmviMa H onTHIIeCKHe 'KO!HCTaHTbi 6biJIH noJiy'l!eHbi Hs ,ZI,pysbr 

6oraTOH SeJieHbiMH, XOpOIUO orpaHW-IeHHbiMH KpHCTaJIJiaMH, Ha KOTOpbiX 

6biJIH HaH,II,eHbl CJie,ZI,yiOIII:He rpaHH: . 

1. rJiaBHbie ·rpaHH - (100), (010), (101) H (001), 
2. TIO)J,qHHeHHbie rpaHH- (111), (221), (012), (110) H (130). 

B Ta6JIHIJ;e sHaqeiHHH peHTreHorpaM!M (Ta6JI .. NQ 5) npHBe)J.eHbi TaK 2Ke 

sHaqeHMH .O:H'HTeTMqecKoro ,ZI,HoncH,zr,a H cMHTeTHqecKoro re,ZI,e'H'6eprnTa. 

CpaHHeHHe peHTre:Hor.pacpHqecKHX ,ZI,aHHbiX MMHepaJio:s nsoMopqmor o 

pH,ZI,a ,li,HOI1'CH,ll,-fe,II,eH6eprHT CBH,ll;eTeJibCTByeT 0 TOM, IITO y re,ZI,eH6eprHTa 

KO!HCTaHTbi ,KpilCTaJIJiaqecKo:H perneTKI1 Kpyn1Hee, IIeM y ,Zl;HOTICH)l;a, qTo 

OC06eHHO HCHO BH,ll;HO IIpH cpaBHeHHH fJI3BHbiX JIHHI1H 3THX MHHepaJIOB 

(cM. Ta6JI. N9 6}. 

3aKJJloqeHMe. 

1. Pe3yJibTaTbi aTo:H pa6oTbi yKasbmaroT na TO, ·qTo OT)l;eJibHbie rrHpo

KCeHbi, TiipH'Be,ZI,eHHbiX IBbiille pH,li,:OB, ,M02K:HO Onpe,ZI,eJIHTb 'H I1pH llOMOU.l,H 

peiHTfeHorpaMM. npH onpe,ZlgJie'HHH CJIO)I{Hbi X UH:pOK·CeHOB C pa3HbE\1H 

I130MOpQJHbiMI1 npHMeCHMH BblfO,ll,'HO n:pOH3BO)I,IiTb cpaBHeHHe )l,a'H'HbiX, 

ITOJiyqeHHbiX OIITHqeCKHMH H peHTreHorpacpHqeCKHMH MeTO,II,aMH (,ZI,JIH 

B33HMHOfO KOHTPOJIH). 

2. Ha ocHoBaHHH cpa:BHeHHH peHTrer-wrpaMM ,ZI,Byx HSOMopcpHbiX pH

,zr,oB, B KOTOpbiX npe)l:CTaB.7JeHbi lVlg H Fe-KOMHOHeHTbi, MOMHO npe,l.l,IIO

JiaraTb, qTo y KOMHO:HeHTOB C MeJie30:M IBbiCilli1e KOHCTa!fiTbi perneTKH, 

Bbiille LieM MarHesHaJihHbre. B pH,ZI,e ,ZI,noncH,ZI,-re,ZI,eH6eprHT 3TH pasJIHLIHH 

OC06eHHO BeJIHKH; B pH,li,e 3HCTaTHT- fl'InepCTeH He 5I:BJI5IIOT·CH COBCeM 

y6e,,li,HTeJibHbiMH. 

3. Pa6o:ra npHBO,IJ,HT He·oKOJibKO HOBbiX 'KO'HCTaHT rrHpoKceHOB il13 'He

KOTOpbiX MeCTOpOM,li,eHHH, OC06eHHO, KO'HICTa'HT OIITHqeCKHX. 

nepeBeJI MH)l{. A. A. MaJiaXOB. 

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 strydies, although the 
isomorphous substitution of elements in this series is relatively very 
complicated. For determination of pyroxenes 1nany 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
graplhicaJ research of a mineral group _ for which there are used because 
of a great isomorphows substitution and therefore of great complication 
and an unclearness of powder plhotograplhs, usually not roentgeno
graphical methods for identification. Therefore we find not even in lite
rature enough necessary papers, referring to roentgenographical data 
of these minerals, excepting the papers by W. A. W y c k o f f, H. E. M e r
w in and H. S. Washington (37), who · produced already in 1925 
powder X-ray photographs of many pyroxenes and by 1neans 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 pyroxenes for compar
ison was elaborated. For this purpose there were used specimens 
from the collections of tlhe 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 deterrnined or 
.chemical and thermical analyses made, in order to determine tlh.e 
minerals, used for comparison, quite faultlessly. In tlhis way it was 
possible to determine in X-ray photographs certain lines,- characteristic 
for pyra:xenes of certain isomorphous series and grourp·s. 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 pr1e
paration by the author of this paper in collaboration with the members 
of the Gla:s Research Institute at Hradec Kra.Iove. 

This paper included only several data relating to isomorphous series 
of rhombic pyroxenes (enstenites) and tihe 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 Kralove; 0 of 
the camera 63,66 mm, CoKa1:> radiation, A= 1, 787 kX. Filtered through 
Fe . 25 kV, 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 
refractmnetrically by means of immersion oils with accuracy + 0,001 -
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0,005, cNg with accuracy + 10'. The densities were determined pycno
nletrically 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 p'yroxenes form a continuous isomorphous series of 
enstatite (Mg2Si20 6) - ferrosilite (Fe2Si20 6), 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. J'he 
optical axial angle ( + 2V) increases with increasing ferrous component 
approximately to 55 1nol. "0/o Fe2Si20 6, 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 intensities of different X-ray photographs. The 
continuous changes can be of course troubled by larger isomorphous . 
substitutions belonging not to the series in the sarne way as these 
troubled the continuity of the change of optical constants, as A. N . .and 
H. Winch e 11 (34, 35) quote for admixture Al2Al20 6 and HA1Si20 6• 

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 - Bohouskoviee (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 Ba.mle 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 (Hana.walt - tables, 6) and satisfy, I mention the 
values of quoted tables. In table 2 I mention also the values of the syn
thetic Mg 2Si20 6 according to the tables Hanawalt - Rinn - Frevel (9). 
As the quoted data of the synthetical enstatite are not satisfactory, 

*) In this ipa;pe1r I do not taike in consideration the 1pors.sibility mentioned by several 
authors, that i!:"hombic pyroxenes a:re in fact pseudmlhombic in consequence of ilhe po
lysynthetic 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. 

1. Ens tat it e - B a m 1 e (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 ensta.tites of both localities ac,cording to 
literature: 

I. II. Ill. IV. 
Si02 57,86 57,62 58,00 57,67 
M gO 37,67 34,72 36,91 37,91 
FeO 1,40 1,96 3,16 2,89 
Al203 1,67 1,48 1,35 1,21 
CaO 0,10 0,12 
H20 0,54 4,38 0,80 1,67 

99,24 100,28 100,22 101,35 

The authors of the analyses are: 
I. Oederg3:rden: K. J oh an ss on (14), 
11.-111. Vestre Kjorrestad: W. C. B r o g g er and G. vom Rat h (2), · 
IV. Vestre Kjorrestad: C. K r a f f t (Bragger - vom Rath, 2). 

The constants, quoted by the author of the paper (table 1) were measured 
on the rnaterial from the collection of the mineralogical department of 
the National museum of Prague: Enstatite - Oedegarden (inv. no. 22.065) : 
great grey to gr~y-green crypstal with the forms (110), (100), (023,), 
(223); enstatite - Vestre Kjorrestad (inv. no. 22.059): grey-green, 

. massive, here and there changing into lighter massive serpentine. 

2. B r on z it e - B oh o us k o vice (northvlest of Kremz8, South 
Bohemia). The quoted constants (table 1-2) were determined at a grey 
to green-brown aggregate of large grains, well cleavable and dearly 
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. U 1 rich - 28). U 1 rich supposes on the base of the determined 
Ng of the Bohouskovice bronzite an isomorphous admixtion ·of approxi
mately 10 mol. 0/o Fe2Si20 6• New measurings introduced in table 1, 
confirm this opinion. 

3. Hype r s then e - 1 s 1 ,e St., P a u 1 (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 
hypersthene of Isle St. Paul has the following chemical composition: 
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Si02 52,19 
M gO 20,06 
FeO 14,25 

Al203 6,23 
CaO 3,26 
Fe20 3 1,21 
Ti02 0,50 
MnO 0,32 

98,02 

Table 1. 

Mine.ra'l 
I Ng I Nm I 

Np I Ng-1 
Np I 

G 
I 

Author 

Enstatite: I I I I . I I 
synthetical . 1,6585

1
1,552 11,650 1 0,00851

3
•
15 

I W i n c h e 11 (,34, 35) 
(Winchell 35) 

Oedegarden 1,661 I I I 13.165 I Koufimsky 

11,6641 
I I 13,153 1 

B r o g g e r -H a t h ('2) 
.Kjorre·stad 1,655 0,009 3,176 Koufimsky 

Bronzite: 
11670 I I ! I I u 1 ri c h (28) Bohouskavice 
11:677 11,671 11,666 I 0,011 I I Kourimsky 

Hypersthene: 
11 705 11 702 1,692 I 0,013 1. I .Le v y--1L a c r o ix (16) Isle St. Paul 
1. l , 3,392 Dam our (41) 
1,707 ·1,699 1,695 0,012 3,396 Kourimsk' y 
1,7270 11,7158 0,0112 J. E. Wo 1 f f 

(iRosenbusoh, 21) 

synthetical: 1,79 , 1,785,1,77 1 0,02 ,3,9 I. W i ,n c h e 11 (34, 35) .. 
I 

Considering that X-ray photographs of pyroxenes like these of all 
complicated silicates contain a nur11ber of lines, making the X-ray photo
graphs unclear, I quote in table 3 a comparison of the main characteristic 
lines of rhornbic pyrnxenes. In this simplified table .the changes of some 
distancies of the structural planes are even more evident. 

II. Series diopside - heden:bergite. 

The isomorphous series of diopside (CaM·gSi20 6) - hedenbergite 
(CaFeSi206) represents the main isomorphous _ series of the group of 
polyaugites (according to A. N. and H. Winch e 11 (34, 35]). I quote 
a. simplified scheme of isomorphous mi~ing in this group for orientation. 
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Table 2. 

I 

MgzSi206 Enstatite Bronzite 

I 

Hypersthene 

I. d. I. d. I. e d. I. d. 
I 

1. 3 4,40i5· 2; 1.3,0.5 4,.39 
I .3 3,136 2. 5 13,298 ,3 17,45 ,3,30 

3. 10· 3,16 10 .3,158 10 18,20 3,17 10 3,20. 
4. 

3 2,9r1 
5 '2,945 3· 19,56 2,9·5 2 2,98 

5. 7 2,864 8 20,15; 2,87 8 2,890 
6. 2, 2,72 5 2,701 4; 21,40 2,71 3· 2,7215 
7. 1 ? 0,5 22,45 2,585 
8. ;3 2,·5·5 6 2,5:26 '5 22,90 2,5i37 5. 2,5·50 
9. 2 2,i30 6 2,472 6 2,3,40 2,485 5 2,482 

10. 2 ? 2 2!3,80 2,4.45 
1 2,233· 11. 2 ? 1 25,10 2,324 

12 . . 6 2,105 5 27,85 2,1018 5 2,112 
13. 2 2,0154· 2 28,815 2,0i39 2 2;026 
14. 1 ? 0,5 29,3·5 2,01017 
15. 5 1,97 2 1,974 11 2.9,85 1,976 
16. 4 1,9155 4 30,20 1,9'55 4 1,9r57 
17. 1 ? 0,5 131,5!5 1,877 
18. 1 ? ·0,5· 32,40 1,8.38 
1.9. ,3 ·1,782 3 33,45 1,780 4 1,7r84 
20. 2 1,Z31 l 34,55 1,729 
21. :L 1,71 2 1,699 1 i35,:30 1,696 
22. 1 ? 0,5, 36,75 1,636 
23. 1 1,64 5 1,610 5 37,55 1,606 6 1,599 
24. 4 1,620 4 40,05 1;517 5 1,527 
25. 4 1,49·0· 6 1,48.3 7 41,15· 1 ,482 8 1,486 
26. 3 1,467 2 41,7,0, 1,466 ' 
27. 2 1,4·17 2 4r3,4·5 1,416 2 1 ,421 ? 
28. 5 1,391 5. 44,40 1,,390. 6· 1,,389 
29. 2 1,357 - 1 45,7.0 1,357 
30. 2 1 ,~36 2 46.,55 1,.337 ,3 1 ,342 
31. 13 1,312 3 1_,,30!5 4 48,0:0 1,3·04 5 1,3014 

Table 3 . 

Enstatite 
. I 

Bronzite Hypersthene 

I. d. I 
· r. d. I. d. 

10 3,16 10 3,17 10 3,20 
5· 2,945 ~ 2,95 2 2,98 
7 2,86 B 2,87 8 2,8.g 
5 2,70 4 2,7r1 3 1 ,73 
6 2,5!26 5 2,.537 5 2,550, 
6 2,1015 5 2,108 5 2,112 
5 1,610 '5 1,606 6 1,599 
6 1,4813 7 1,482 8 1;486 
5 1,,391 5 1,390 6 1,!3819 
,3 1,.3015 4 1,,304 5 .1,304 
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Scheme: 

johansenite 
CaMnSiz06 

-+-

I 
...y 

Schefferite 
Ca (Mg , Mn, Fe) Siz06 

+ 

diopside +-~ + salite _ . 
CaMgSiz05 Ca (Mg, Fe) Si20u + + 

ferrosal'ite *--+ hede.nbergite 
Ca (Fe, Mg) Si20 6 ,caFeSi20u 

+i +_I ----au~te 
I 

Ca (Mg, Fe) Siz05 
+IMgzSi20u + AlzAl205 

I ;_I __________ aegiTit.laugite 

I 
[(CaMg), (NaFe)] Si205 

t i ~~ ----
+ 

· jadeite 
NaA1Si206 

i 
'} 

aegirite (acmite) 
NaFeSizOs 

. Frorn 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 elemeRts, 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, silnilarly like in the series of 
rhombic pyroxenes, a continuous change of distances of structural planes 
and of the intensity of reflexes has. been detennined. In this series the 
physical, mainly the optical constants were determined for ~ontrol too. 
The continuity of changes of the X-ray photographs is in different man
ner by sorne admixtures when they are in greater quantity, especially 
the admixtures of tlhe johannsenite- (CaMnSi20 6), jadeite- (NaA1Si20 6), 

aegirite- (NaFeSi20 6), klinoenstenite- [(Mg, Fe)z$i20 6J constituent and 
that of Al2Al20 6, present in augites. The presence of these admixtures 
manifest itself, as already said, in changes of the optical constants, as 
proved by H. H. He ss (12), A. N. Z a v a rick ij (38) and Mo M. V e
s e 1 o v :s k a j a (29) and the graphs by A. N. and H. Winch e 11 (34, 35). 

With the increasing hedenbergite constituent the refraction indices 
of these isomorphous series diopside - he·denbergite, 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 ~o - 10 mol. 0/o 
CaFeSi206 decreases temporarily with the increasing hedenbergite com
ponent (H. H. Hess - 12). 

For demonstration of the changes of roentgenographic data I give 
in table 5 the valuation of X-ray photographs of the synthetic CaMg205, 
the natural diopside, salite, ferrosalite and synthetic CaFeSi20 6. 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. D i o psi de - S c lh war z ens t e in-A I p e (Zillertal, east of 
Innsbruck, Northern Tirol - fig. 3). Diopside occurs in columnar aggre
gates ahd green columnar crystals nontra.nslucent, 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. 

I. II. Ill. IV. 

Si02 54,23 48,47 54,85 54,16 
Ca:O 24,69 21,96 24,99 24,74 
MgO 16,38 15,59 16,02 18,22 
FeO 3,09 4,30 3,29 2,50 
Alz03 1,22 8,22 0,25 - Q,20 
Fe20 3 0,89 0,15 
Mnz03 0,18 
H20 0,73 

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

The autihors of the analyses and their material: 
I. C. Doe 1 t er (3, 4): dark-green crystals. Counted in constituents: 

87 °/o CaMg Siz06 
10 °/o CaFeSiz06 

2 °/o MgA12SiOs 
1 ·0/o MgFe2Si05. 

cNg = 36° 50', G = 3,192. 
II. W a c ken rod er (30): dirty green dio,pside, G = 3,395. 

III. C. Doe 1 t er (3, 4): light-coloured crystals. Counted in constituents: 
90 °/o CaMgSiz06 
10 °/o CaFeSi205. 

cNg = 36° 15'. 

19 



IV. W a c ken rode r . (30): light-coloured crystals. 

2. Sa 1 it e - Sa 1 a (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 os e. His analysis was cited by C. F. 
Ram me 1 s be r g (2n). Basing on the analysis, which has not been at 
the author's disposal, R a m m e 1 s b e r g classifies salite of Sala into the 
group of diopside almost without Fe, with admixture of Fe20 3 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. 22147). 

3. Fer rosa 1 it e - Nor d mark en (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. F 1 ink · 
(7) and E. A. W ti 1 fin g (36). F 1 f n k 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. F link (7), E. A. W ti 1 fin g, C. Doe 1 t er (3, 4) and 
the majority of other authors determine this pyroxene, as well as other 
types of pyr oxene at that place as ' 'diopside"; F. J . W i i k (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 $eries diopside - hedenbergite, this 
pyroxene for ferrosalite, even if some chemical analyses (II.-III.) cor
respond already to salite. 

I. II. IlL 

Si02 50,91 51,05 52,17 
CaO 22,93 22,44 22,00 
FeO 17~,34 17,31 16,12 
M gO 7,21 5,92 7,06 
Fez03 0,76 0,95 
Alz03 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. D o e 1 t e r (3), 

II. H. S j o g re n (25), 
III. F u n k ( 8). 
The mentioned results of analyses considerably disagree with the fact 
which is especially evident in the case of calculation of the different 
pyroxene cmnponents in mol. Wo . . 

CaMgSi205 
CaFsSi20 6 

Mg(Al, Fe)2Si06 

Anal. I. 

41 mol. 0/o 
57 mol. 0/o 

2 mol. 0/o 

Anal. II. 

64 mol. 0/o. 
32 mol. '0/o 

4 mol. '0/o 

The analysis made by C. Doe 1 t er can be taken for fully authoritative. 
For preparation of the X-ray diagram and for determination of 

optical constants there were used specimens fro1n a crystal cavity of 
perfect green-black crystals with a square section, bordered by follow
ing crystal planes (Min. dep. of the Natr m us., inv. No. 22.185): 

1. main planes: (110), (010), (101), (001), 
2. secondary planes: (111), (221), (012), (110), (130). 

Table 4. 

Mineral I Ng 

' 

Nm I Np INJ;I cNg I G I. Author 
I 

Diopside 
11,69411,6715,1,664 1·o,o3o 138° 30' 12,275 1 _synthetical Bar t h (1) 

Schwarzenstein 
I 1,676811,67011 0,0290 

13J 
dark 1,6991 Zimanyi (40) 

36° 50' 
' 

Doelter(4) _ 
1,701 1,672 0,029 38° 28' 3,276 Koui~imsky 

1,67946 39°04' Schmidt (24) 
3,395 Wa c ken-

light rode r (20) 

1,7021 

136° 15' D o e l t e r (13) 
40° 18' S c h m id t {2-4) 
38° 38' Koufimsky 

,SaHte-Sala I I I 142030 I 3,380 I K o u f i m .s k y 

I 
Ferr-osalite 1,69359 44° 381/21 F link (7} 

Nordmarke.n 44°40' Zepharovich 
{.39) 

1,7271 1,70571 1,6986 0,0285 44°42' W ti 1 f i n g ~36) 
1,735 1,707 1,702 0,033 45° 07' 3,369 Koufimsky 

1,71625 45° 21' ;S c h mid t (·24) 
45°45' Wi i k (13,5) 

' 46°45' 3,311 D o e 1 t er (0, 4) 

I 

. 3,367 S j o g r e n (25) 
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Table 5. 

CaMgSi:t06 diopside salite ferro:salite CaFe.Siz06 

I. e. d. I. e. d. I. 8. d. I. e. d. I. e. d. 

I I 
1. 0,5 9,55 5,98 0,5 9,601 5,94 0,5 7°54' 6,51 

2. 0,5 113,00 4,40, 0,5 1:3,10 4,37 0,5 11 °35' 4,4·5 

3. 0,5 15,'70 5,66 0,5, 15,9'5 3,6.0! 0,5 14°23.' 3,60 

4. . 0,5 17,30 3,3!3, 0),,5 17,35 3,32 0,5 1.5°40.' 3,31 

5. 21 18,25 3,16 3 18,2,0 .3~,17 :3 18,10 3~,18 3 1•6°05' 3,23 4 17,50 3,29 

- 6. , 10i 19,70, 2,93 }Q 19,70i 2,93 1Q 19,5;5, 2,95 lQ 17°34' 2,96 10 19,65, 2,94 

7. O,i5' 20,2.5i 2.,86, 1 20,25 2.,8'6 3 18°11' 2,86 4 2;()1,2.5· 2,86 

8. 1 22,8{)1 2,547 1 .22,85 2,5,42 4 20:0.30' 2,5.54 

9. 10 i 2:3,25' 2.,495 8 23,30, 2,495 8 23,25. 2,500 7 20°513.' 2,508 6 2\3,15· 2,510 

10. 2 2.5.,6,5 '2,277 ,2 25-,65 2,277 2 2'5,1601 2,281 2 22°51' 2,.307 

11. 1 26,701 2,189 1 26,75 2,189 2 216·,70 2,19,3 2' 2:3°5·0' 2,2113 4 26,45 2,216 

12. 0,5 27,3'5! ,2,144 0,5 25013' 2,100 

13. 3 27,851 2,104 3 27,80 2,104 3 27,70 12·,111 ·3 2-4P31' 2,156 6 2.7,95 '2,104 

14. o,,5 ,28,101 2,og 1 24055' 2,12.3 

15. 1 28,95 2,0t3(3 2 26°0:2' 2,038 

16. 13 29,30 2,007 .3 29,20 2,00:7 3 29,35 2,007 3 26°31' 2,0031 1 29,1 o, 2 '0,213 

17. 0,5 130,20 1,955 0,5, 30,15 1,958 0,5 2J<>Og' 1,964 

18. 2· •32,75 1,806 1 32,70 1,810 1 . (32,55 1,822 1 2.9°1.3' 1,8.30 1 :33,0Q 1,805 

19. i3 34,35 1,738 13 34,,301 1, 7 40 3 J34,2Q 1,745 3 30°43' 1,751 

20. 0,5 i36,00, 1,666 0,5· 32°22' 1,671 

21. 0,5' 13·6,251 1,648 0,5· ,36,251 1,6!52 0,5 36,40 1,648 1, 32°55/ 1,647 2 .36,2{). 1,61518 

22. 8 3·7,40 1.611 8 3.7,,3·5' 1,613 6 37,25 1,617 5 33°,35' 11,617 4 37,20 1,618 

23. 0,5 39,25 1,544 0,5· 39,,25· 1,544 0,5 ,39,25 Ll.,544 0,5 35°16' 1,M9 2 :39,70 '1,529 

24. 0,5. 4.0,20 1,512 1 40.;15 1,514 2 .39,95 1,521 2 35°5·6' 1,524 1 41,10 1,486 

25. 1 40,8.0 1,492 1 40.,95 1,492 .1 40,65 1,495 1 3~6°42' 1,496 6 42,951 1,42£ 

26. 5 43,6,51 1,410 5 43,45 1,416 5' 4i3,25 1,421 5. :38°52' 1,425 

27. 1 44,05· 1,.3g.g 1 43,85 D..,405 0;,5 39°30' 1,406 2 45,20 1,370 

28. 0,:5 45,101 1,37.2 2 46,85 1,330 

29. 4 47;30, 11,320 4 47,25 1,.321 .3 47,15 1,323 2· 42°22' 1,327 

30. 4 49,.3'0 1,277 4 49,25 1,278 ,3 49,2.0 1,279 2 44°201' 1,2.8.0 

31. 1 50,20 1,259 1 150,201 1,259 1 50,20 1,259 1 45°14' 1,26·0 

32. 2 51,15. 1,240 2 51,10 1,241 2 50·,85 1,24:6 1 45·043/ 1,250 

33. 0,5· 55,45' 1,168 0,5' 55,30 1,17C 0,5 5·5,2{) 1,172 1 54,70 1,17f 

34. 1 57,10 1,141 1 57,00t l,144 1 56,85 l,Hiill 511()38' 1,'141 1 56,70 1,149 

I I 
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In tlhe table of X-ray photograps (5) 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 Knilove. 
Their devitrifica.tion has been carried out 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. 

CaiMg1Siz05 diopside salite ferrosalite CaFe,Si20 6 

I. d. I. d. I. d. I. d . I. d. 
I . 

2 3,16 .3 3,17 I 3 3,1,8 I .3 3,2:3 4 3,29 
10. 2,93. 10 2,91'3 }0 2,9·5 

I 

10, 2,96 101 2,94? 
. 0,5- 2,86 1 2,86 3 2,816 4 2,8-6 

10 2,49·5 8 2,49'5 8 2,.500 7 2,5-08 6· 2,5.10 
1 2,189; 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 1,617 5 1,617 4 1,618 

5· 1,410 5 1,416 5 1,421 5 1,425 6 1,429 
4 1,,32,0 4 1,.3,21 3 1,,3Z3 2 1,;527 2 1;3,30 I 

4 1,277 4 1,278 3 1,27·9 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 qontrol 

· is advantageous. 
2. On the pr?nciple 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 diopsfde - 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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VYSVETILIVKY K TABULKAM 

Tab. L 

Fig. 1. Krystal enstatitu z Bamle - Oedegarden (mineralog. odd. Nar. musea v Praze 
inv. c. 22.066). 

Fig. 2. Krystal emtatiru z Bamle :- Vestre Kjorrestad (min. o:dd. Na.r. musea inv. 
c. 22.061). 

Fig. 3. Kusovy agreg~t salitu ze Saly, tvofeny dobre ste;pnymi tabulkami (min. odd. 
Nar. musea, inv. c. 22.143). 

Tab. II. 

Fig. 4 . .Skupina sl1oupcovitych I~rystalu diopsidu ze Schwarzenstein-A'l)pe (min. odd. Nar. 
musea, inv. c. 3:043). 

Fig. 5. Druza 'krystalu ferros.a:litu z Nordma,rken (min. odd. Na.r. musea, inv. c. 3005). 

Tab. UI. 

Fig. 6. Rtoentgenogram bro:nzitu, Bohouskovice. Data rna str. 13. 
Fig. 7. Roentg~nogram synthetickeho diopsidu. Data na str. 13. 
Fig. 18. Roentgenogram diopsidu , Schw;CI!r zernste,in-Mpe. Data na str. 13. 
Fig. 9. Roentgenogram salitu, Sala. Data na str. 13. 
Fig. 10. Roentgenogram fer:rosalitu, NordmClll'ke:n. 0 komurky 'g,O mm, Co Ka1,2 A = 

= 1,787 kX. Filt1r Fe. Napeti 1215. kV, :iJntensita 5i0 mA, e~posi ce 210 mi:n; Aparatura 
Hilger -mikro. 

Fig. 1'1. Roentgenogmm SYJnthetickeho !hedenbergitu. Data .na str. 13. 

Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

EXJPfLANATIIOJNlS OF THE TABLES 

Pl. I. 

E:nstatite crys tal from Bamle ·- Oedegarden (IMineralog. Department of the 
National :Museum !Prague,, inv. no. 22.0166). , 
Enstatite crystal from Bamle - Ve:stre tKjorrestad !Min. Dep. Nat. Museum, 
inv. no. 22.061). 
Massive aggregate of salite, formed lby we11 cleavable ;plates (Min. Dep. Nat. 
Museum, inv. no. 22.1413). 

PI. II . 

Col'umnar diop.side crysta~I:s from Schwarzenstein-Alpe (Min. Dep. Nat. Museum, 
i:nv. no. 304.3). 
Crystal cavity of ferrosali te from /Nordmarke:n (Min. D01p. Nat. Museum, inv. 
no. 30155). 

. iPl. III. 

F,ig. '6'. X-ray di<agrame of bronzite, Bohouskovice, Dates see p. 1'3'. 
Fig. .?. X-ray diagr;ame of SYJnthetical diqpside. Dates see p. fL3. 
Fig. 8. X-ray diag,rame of diopside, Schwarzenstein-Alpe. Dates se.e p.13'. 
Fig. 9. X-ray diagrame ·Of saUte, S1ala. Dates see p . 13. 

Aparature Hilger-mikro. 
Fig. '10. X-;ray diagrame of fer,rasalite, Nordmar;ke,n. 0 of the camera 90 mm., C01Ka1; 2 

radiation, A. = 1,78,7 kX, Filtered through Fe. 25 kV ,510 mA, eX!pors.ition 210 min. 
Fig. '11. X-r:ay dia9rame of synthetical hedenbergite. Dates see p. 113. 
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