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JEO I: TEOPUJA, MOTYRHOCTU U MATEMATHUYKHA
IMPOPAYYHU 3A CUCTEM CaCO,- SrCO,

[Tapne TAHUYUR!

Kmbyune pedu:  nMHeapHa 3aBHCHOCT IPOMEHE KpHCTanorpadgCcKux
llapaMeTapa y OJIHOCY Ha cacras, a;, by, Co, Vo, i, dasos
dpyy doaty Aoy iz, dagy dagy, dysy, H3pavynaTu CaCoO,,
n3pauynatu SrCO;,

Kpamax cadpacaj: icnutasane cy moryhnoeTn ofjpehnBaiba cactaBa 4BpCTHX
pacTBopa poMbuunnx kapbonata momohy Kpacranorpadgckux napamMerapa. AKO
ce Kpucrawlorpadcki napamMeTpd McHajy JIHHeapHO ca cacTaBoOM, H aKo je Ta
3aBHCHOCT JlyX JIHHH]E KOja chaja Kpajie WIAHOBE, OHJAA MOXE fla C& IPHMEHH
caencha jenaunna:

Xa = 100((Cy - Cag) / (Cs - Ca)).

ITomohy oBe jepnaunne ucnuTHBaH je cucteM CaCO; - SrCO,.
H3pauynartu cy cacrasu nosnatux (Ca,Sr)CO; xap6orara, Koju cy ynopehenu ca
BHXOBHM XeMHjcKuM cactaBuMa. Takobe cy ynopebern u3padynaTta u crBapuy

XCMHJCKHM CacTaBH KOjH Cy JOOHjeHH NpPEeKO jeiHAYMHA M3 JIATEPATypHHX IO-
JaTaka.

' Iaene Tanuuh, 'Teonncrutyt", PoBumcka 12, 11000 Beorpag,

e-mail: geoins@beotel.yu




Tanvwuh I1.

M3 pesynrara ucnurusamwa 3a cuerem pomOuuunx xkapbouara CaCO, - S1CO,,
YTBPHEHO j& a NOCTOJH JIMHCAPHOCT KPUCTAIOTPAGCKIX HapaMeTapa y ojinocy
Ha cactas. Ta JHHCAPHOCT MOXJA HHjC Y NOTIYHOCTH WICAIHA, Y CMUC/LY MOKIa-
Nama Ca JIHHHJOM KOJa Cnaja Kpajibe ‘WianoBe, an je Bpro GIueKa 3a dyyuew
dy33cae Do Vo 11 Dy S druge strane, za ag ¢ 1t D, OJICTYIAILE J¢ BHLITE H3PAKCHO.
YTpheno je na cy 3a uspauynasame HajnoropHijn ciaciehn xpucranorpagpeku
NapaMeTPH: ag, by, € Voo dyagy dangs Ay digpe dagns dyos Aoy diygye 10 dyg @ majbome je
KOPHCTHTH CPE/IBE BPEJHOCTH IOOHJCHE H3 CBIX IIPOpavyHa.

YBOJ

Y rpyny pomOuumux Kapbonara cnajajy aparonnrt (CaCOs),
crpornujaHuT (SrCO;), nepysur (PbCO;) u Burepur (BaCO,). INonammu
A3 naTepatype (Dana, 1955; Deer u ap., 1962; Mnuh u Kapamara, 1978;
Reeder, 1983; Jawnh u Pucrnh, 1989; uTn.), ykasyjy na ce NpHIMYHO
PETKO jaBiba)y y NPHPOJH, H OOHYHO Cy cacTaBa KOjH je npubamkan
cacTaBy KpajlBHX WiaHOBAa. UBPCTH pacTBOPH ca BehiM NPOILEHTOM JOH-
CKHX H3MEHa jom cy pebH, a NOroTroBy ILUXOBH HHTEpPMEIUjapHH
YIaHOBH.

360r Tora, HHOCTPAHA ayTOPH Cy ce GaBWIH M HCHHTHBAaILAMA
CHHTETHYKHX pOMOHYHHX KapOOHaTa, Kao U HHXOBHX YBPCTHX PacTBOpa,
Ha pa3JIAYATHM TeMIepaTypaMa i NIPETHCIMMA.

WcnuTABameM 3aBHCHOCTH KpHCTanorpackux napamerapa y
opHOcy Ha cactaB 6GaBwin cy ce Holland u np. (1963), Chang (1965 n
1971), Chang n Brice (1972), Brice u Chang (1973), Speer n Hensley-Dunn
(1976) u Baldasari i Speer (1979).

Holland u ap. (1963) yTBpawiu cy fa nmapaMeTpH jejiHHHYHE
hennje (ag, by, ¢ B V,) uBpcror pacrBopa CaCO; - SrCO; pacty npema
CTPOHIMjaHHTY, aJIH CE CaMO 3, MEHHa JINHEAPHO Ca MOJIEKYJICKHUM YJIEJIOM
SrCO;, 1ok cy by B V, HEIITO HCNOJ, a ¢y HEIITO M3HaJl JIMHKje KOja claja
Kpajle WIaHOBE. Y CJIE]l TOra, OHH cMaTpajy fia Vegard-oB 3aKOH HHjE Y
noTnyHocTH ucnomroBaH. Takobe, Ha 96 °C yTBpheHna je mpa3uuna y
CepHjH YBpCTHX pacTBopa ofi oko 30 mol. % (ox oko 35-40 mol. % mo oko
65-70 mol. %).
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Odpehusarse caciiasa 48pciliux paciiéopa poMoutnux Kapoonaiia ...

Chang (1965) ucnuruBao je daszHe oJlHOCE UBPCTHX pacTBopa y
cucremuma BaCO, - SrCO,, SrCO; - CaCO; 1 BaCO, - CaCO; na teMm-
neparypama on 400 do 1000 °C.

Y cucremy pombuunux BaCO; - SrCO; nmocToju KOMIUIETHA
cepuja uBperux pacrBopa usnaj 400 °C. Pom6uunu kapbonaTu npenase y
pombGoesapeke na 806 °C ko BaCO, u na 912 °C kop SrCO;. Onpehenu
cy JiMjarpaMu rpomMene inMensuja jequnnyne hennje (a,, by u ¢y) y 3aBuc-
noctTH oJ1 cactana Ha 550°C, KOjH noKa3yjy JIHHeapHy 3aBUCHOCT.

Y cucremy SrCO, - CaCO, nocroju n1Boha3HH PErHOR KOjH ce
cacToju O pOMONYHHX H poMOOEJapCcKHX YBPCTHX pacTBopa. Makcu-
Mannu cafp:kaj Kaauujyma oppeben kox pomouunor (Sr,Ca)CO, je oko
47 mol.% na 550 °C.

Y cueremy BaCO; - CaCO, KOMIUIETaH YBPCTH PacTBOP IOCTOJH
asnaj 850 °C. Pacrsopmusoct CaCO; y BaCO; je 3,5 mol. % na 400 °C u
pacre jio npubmekao 5 mol. % ma 700 °C. PacrBopmuBoct BaCO; y
CaCO, je Bpsio MaJia Ha Temnepatypama ucnojy 600 °C.

Chang (1971) ucrmutaBao je hasne oiHOCE UBPCTHX pacTBopa y
cacremnuma SrCO; - BaCO,, CaCO, - SrCO;, CaCO, - BaCO5 u CaCO, -
SrCO, - BaCO; y Temnepatypuom oncery usmeby 400 u 750 °C u na npu-
Tuciuma o)1 10 u 35 kbara. ¥ oBome pajly noTBphyjy ce neka 3anaxkamba
n3 nperxoanor paja (Chang, 1965).

KoMmiuierna cepHja 9BPCTHX pacTBOpa aparOHATCKOT THIA
nocroju y cucremy SrCO, - BaCO,, 1 npoMena napamerapa jeIHHHIHE
henuje y ojHOCY Ha cacTaB NOKa3yje JTHHEAPHY 3aBHCHOCT.

Y cucremy CaCO, - SrCO; nocroju aBochazHu pernon Koju ce
CaCTOJH H OJ] aparOHATCKOT H OJf KaJIMATCKOT THIIa gBpcTHX pacrBopa. Ca
MOpacTOM NPHTHCKA, KaJIMUTCKH PErHOH HecTaje,  ha3e KaJIIATCKOT
THOA HUCY npoHabeHe y cucteMy Ha 25 kbara. Behu Sr jon Texwu ja cra-
O6uiin3yje ha3y aparoHMTCKOT THIIa Ha BHILMM TeMIepaTypaMa OpH KOH-
cranTHOM mpUTHCKY. PactBopmuBocT CaCO, y CTPOHLMjaHATY OMaja ca
nopactoM Ttemneparype. Ilpomena napamerapa (ag, by H ¢) JUMEH3Hja
jennuuvnnx henwja y ofHOCY Ha cacTaB MoOKa3syje JIMHEApHy 3aBHCHOCT.
O6nact poM6HYAEX YBPCTHX PAacTBOpPa CMakbyje Ce ca MOPACTOM TEM-
nepatype oj Komiierse cepuje menop 420 °C pgo orpanmuene cepuje
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Tanquh I1.

w3Meby Sty 1 CaSrys na 750 °C, jok pacrsopsmisoet SrCO, y kanuury
pacrte jo Gausy 15 mol. % na 750 °C.

MebycoGua pacropmbuBoct nimebhy Kpajisix wianosa cucrema
CaCO,- BaCO, Beoma je orpannyiena.

Y tepuapuom cucremy na 550 °C n 10 kbara pacrsopmusocr
Gapujyma y Ca-Gorarom jeny mama je on 3 mol. %, jok je pacr-
BopmbHBocT CaCO, y Ba-Goratom jieny orpannicua na S mol. %, a SrCO,
mMoxe npumaTH npubmipkao 30 mol. % komOGuuosanux Ca n Ba kap-
OGonara. Ha 550 °C u 15 kbara aparonnt je crabuana opma CaCO,, a
noCTOJH KoMIuieTHa cepija o BaCO, npeko SrCO, o CaCO,.

Chang u Brice (1972) ucnutiBann cy OMHApHE H TepHapHe
¢asne opnoce y ciucremnma CaCO; - SrCO; - PbCO, n CaCO, - BaCO;, -
PbCO; y TemnepatypHom oncery 400-750 °C u na 10 u 15 kbara., Kom-
IIeTHA CEPHja YBPCTHX pacTBOpa 1ocToju y cicremuma SrCO, - PbCO, 1
BaCO, - PbCO,, u nuHeapHa 3aBHCHOCT H3Meby mapaMmertapa jeiHnHYne
henmje (aq, by 1 ¢y) 1 cacTaBa je yCTaHOB/bEHA.

Y cacremy CaCO; - PbCO, noctoji gBochaszHi peruoy 4BpCTHX
pacTBOpa aparoHHTCKOr H KJIWTCKOI THNA YBPCTOr pacTtBopa Ha 10
kbara, gox Ha 15 kbara ca3za xanuurckor Tana nuje nponahena. Ha 550°C
A 15 kbara, mocroju xommeTna cepuja uBpctux pactsopa CaCO,- PbCO,
aparoHHTCKOI THIIA. Y OpHPOJH, 0JI0BO je yobuuajeHo nponabeno y apa-
TOHHTHMa, 3aMemyjyhH KaJumjyM, HaKO je ICroB JOHCKH pajujyc
npabnmwkao 20 % Behm o kanumjyma. PacrBopmuBoct CaCO; y 1ne-
PY3HTY, ca Ipyre CTpaHe, pacTe ca OnaflalkeM TeMIepaType.

Crcrem CaCO, - SrCO, - PbCO, je ucuurusan Ha 550 °C u 10
kbara. YUBpCTH pacTBOp KaJIHTCKOr THIIA KOjHA je orpanuyen ca 38 mol.%
PbCO; 1 6 mol. % SrCO; oBOjeH je Ofi YBPCTOr paCTBOPa aparOHHTCKOT
THOA JBO-(pa3HAM PErHOHOM YBPCTHX PacTBOpa KaJlLMTCKOT M aparOHMT-
ckor Tena. Mcru cucrem Ha 550 °C u 15 kbara me mokasyje mpHCycTBO
ba3a xanmaTcKor THna. Cpu y3opuu ca Bume of 10 mol. % SrCO; cTBa-
palH cy jeany a3y crpykType aparoumTckor THma. IIpoMena
mebymbocEEX pacrojama pednekcuja (111) m (221) cy payynare y ¢yHK-
IHjH cacTaBa. YCTaHOBJbEHE Cy JIAHEapHE 3aBHCHOCTH y oba ciy4vaja, a
IPHKAa3aHO je W HEKOJIMKO JIMHHja NOjjelHaKAX MebyIUbocHUX pacTojaiba
d,,; Y OBOM TPOKOMIIOHEHTHOM JIHjarpamy.
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Odpehusare cacittasa 46pcidux paciieéopa pombusnux kapbonaiia ...

Y cucremy CaCO;- BaCO,; - PbCO; na 550 °C u 15 kbara nocroje
nBa jepnocpazna pernona. Jejlan je YBPCTH paCTBOP aparOHHTCKOT THIIA, a
ApYTH je neypehenu UBpCTH pacTBOP KaJUMTCKOT THNA KOjU je cTabuiian
camo y uentpainom jeny cucrema. Takobe, mocrtoje nBa jaBochasna pe-
raona u jejlan Tpochasiu peruon.

Chang u Brice (1972) Takobe cy ycTaHOBHIN Jla NOjaBE MPUPOJIHMX
kapGonara uirepmejjapnor cacrasa u3 cucrema SrCO, - PbCO, u BaCO, -
PbCO, jour nucy 3abesiexkene, HaKO HUXOBH CKCIIEPHMEHTH TOKa3yjy Jia Ou
KOMILUIETHA cepHja uBpeTHX pacrsopa Tpebano jia Oyjue cse o 400 °C. To
objannbaBajy THME Jla OJIOBY BHIIC ojroBapa S wid SO, yAMe ce CTBapajy
cyichujn win cynchaTi os1oBa, Iok Ba 1 Sr crBapajy kapbonare.

Brice u Chang (1973) noTBpAHJIA Cy MOCTOjJarbeé KOMIUIETHHX
uBperux pacreopa CaCO,- SrCO, u SrCO, - BaCO,.

Speer n Hensley-Dunn (1976) ucnuTHBaMK Cy NPHPOJIHE CTPOH-
HMjaHuTe 13 12 TOKaTHOCTH H YTBPJMIIK Jla ce Hanase yX auuunje CaCO,
- SrCO; u3meby Srg06sCaggae H Sto253Ca034s-

Jamensuje jepunnunux henuja, d;; # TyCTHHA Mewajy ce JIHH-
eapHO y ofiHocy Ha cacras. Oppebene cy H jeHaunne 3a oxpebupame
cagpxkaja SrCOy (y mol. %) npeko ds, ag, by, Co, Vo, Diaty 8 D

Baldasari u Speer (1979) wucnmtuBanu cy 17 npupogHux
BHTEPHTA M3 Pa’IMUNTHX JOKAJHOCTH M YTBPAMJIM Ja WMajy Sr 3ameny
(o 11 mol. %), Mame cappxkaje Ca (< 1 mol. %) u na cy 6e3 Pb. Behuna
BUTEPHTA CajipKu Matbe o)t 4 mol. % Sr u 0,5 mol. % Ca.

JuMensnje jeIMHUIHAX hesnja A TYCTHHA ce Membajy JIMHEApHO Y
OJIHOCY Ha cacraB y LeJoM HcnuTHBaHOM omcery. Oppebene cy
jennaunne 3a ojpebuBame cappxkaja SrCO; (y mol. %) npeko dyy u D.

3aBHCHOCT CPEJIber jOHCKOr pajiijyca y OJIHOCY Ha 3alpeMHHY
Ce KOJI MPHPOJHMX BHTEPHTa Hajla3¥d HENITO M3HAJ PaBHH KOja Craja
uhcre Kpajie wianoe BaCO,; - SrCO; - CaCOs, miTo yKasyje Ha Maju
MO3WTUBHH BUINIAK 3alIPEMUHE YBPCTOT PacTBOpaA.

Y nHawmoj] 3eM/bH MOCTOJH CaMO HEKOJHMKO KpHCTanorpadckux
nojiaraka 3a pom6uune kap6onare. Tako cy 3a aparOHHAT PUKA3aHA HE-

komiuieTHH noflanu (Byjanosuh u Teodmiosuh, 1978) u xomieTHu
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(Tomuh, 1999 1 Tanunh, 2002), n kKomnuaernn 3a nepy3nt (Tomuh, 1999 y
Tanuuh 1 np., 2002).

Y oBoMm pany Onhe pasmarpana npobiemarnka ojpchusama
cacTaBa UBPCTHX pacTBopa uiMeby Kpajibix wianona poMOHuImMx Kap-
OomnaTa (aparonuTa, CTPOHIjAHHTA, UEPY3IHTA H BHTCPHTA).

Buhe H3BpLUIEHA MATCMATHYKA HpepatyHaBalba IPCKO pa3iux
KpHcTanorpadpckux napamerapa nomohy kojux he OGurn yrspbemn
CacTaBH NO3HATHX YUBPCTHX PACTBOpPd.

Hama mMaTemMaTHuka [popavyHaBama Ouhe _\"IIOPL‘})L‘IIEI Ca CBUM
OCTaJTHM NpepavyHaBalbHMAa NO3HATHM YV JINTCPATYPHHM NOJLalliMa.

Ha taj naunn Ouhe yrepbena sesza usmeby cacrapa poMOHunux
kapOoHaTa u ojipehennx kpucranorpagckux napamMerapa.

ITomohy oBe yrspbene Bese usmchy cacrasa u onpebennx
KpHcTanorpadckux napamerapa Omhe u3pauysaT OjHOCH 3a JIBE, a Kac-
HHje H 3a TpH (YETHPH) KOMNOHEHTE, WTO he GHTH OCHOB 3a NpaBLEwe
JIBOKOMIIOHEHTHHX H TPOKOMNOHEHTHHX (YE€TBOPOKOMIIOHCHTHHX ) JIMjarpaMa.

Ycaen BeHKe OOHMHOCTH H3pauyHaBalba, V NMPBOM JICIY OBOI
HCOHTHBama Omhe m3BpmenH mpopayynd 3a cucerem CaCO, - SrCO,, a
KacCHH]€e 32 OCTaJIe CHCTEME.

TEOPUJA U MOI'YRHOCTHU

YcnoB Koju je mnorpebaH 3a EBEHTYAJIHO MaTeMaTHYKO
H3padyHaBamhe CacTaBa YBPCTHX PAcTBOpa NMPEKO KPHUCTAJOrpachCcKux
napaMerapa je, mpe cBera, yTBpbHBame THNA 3aBHCHOCTH H3Meby
KpHCTaJIorpadpcKHX mapaMeTapa H cacraBa. To ce NPBEHCTBCHO OJIHOCH
Ha yTBphHBam-€ Jla JIH je Ta 3aBHCHOCT JIHHEapHa WIH HE. AKO je 3aBHC-
HOCT JIHBeapHa, Tpebano 6M YTBPAHTH Ja JIK je AYX JIMHHje KOja claja
Kpaji¢ WIaHOBE, U KOJH Cy IapaMETPH HajIOTOJIHHAjH.

Y ToM cMHEciy 64 Tpebano noMohy no3HaTHX cacTaBa YBPCTHX
pacTBOpa poM6HYHEX KapboBaTa, KOJU Cy M KpHcTajorpadcku jeuHu-
CaHH, OfIPENHTH Be3y H3Mebhy BHXOBOI cacTaBa M KpHcraiorpadcKux na-
pameTapa.
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On kpuctanorpadpckux napamerapa 6 ce MOIJe KOPHCTHTH
pumensuje jepunuune hennje u pediekcuje koje 3ajopomanajy ciuejehe
yCIIOBE:

- Jla ¢y 3acTynibene Koj sehune poMbuunux kapbonara,

- Jnacy y jobpoj Kopenaliji ca XeMHjCKUM CacTaBOM,

- Jla ¢y JIOBO/LHO BHCOKOT HHTEH3UTETA,

- na aucy pudpysne,

- na cy y yraonom oncery 20 sehem oy nnp. 35° Kaja jjonasu o
pasjBajamba oy H o, 3pauciba.

Kao wro ce Moxe Bujlet y ysony, Holland u jip. (1963) yr-
Bpiuin ¢y 3a usperi pacrBop CaCO; - SrCO, na ce mapamerap a, jeft-
uanane hennje Mema JiHHeapHo, JIOK ¢y by n V, nemro ncnoj, a ¢, HEWTo
U3HAaJ| JIMHHUjEe KOja Cllaja Kpajibe YanoBe.

McnurnBamuma koje cy u3spmmin Chang (1965 u 1971), Chang
u Brice (1972), n Brice u Chang (1973), yrBpbena je nuneapna 3aBHCHOCT
n3Mmeby napamerapa jepunane henuje (ag, by M ¢g) M cacraBa KOJi cHCTEMa
CaCO;- SrCO;, CaCO4- PbCO,, CaCO;- BaCO,, SrCO; - PbCO,, SrCO, -
BaCO; n PbCO; - BaCO;. OBa siHeapua 3aBHCHOCT C€, 3aBHCHO O)] CHC-
TEeMa, jaBba Ha Pa3TuuUTHM TeMIlepaTypaMa # OPUTHCIMMA.

Speer u Hensley-Dunn (1976) yTBppwinu cy 3a cCTpOHIHjaHATE
gyBpcror pacrsopa CaCQO, - SrCO; jia ce auMensnje jeguanunux hennja,
dyy; M rycruna Memajy JHHEapHO Y OIHOCY Ha cacTas.

Baldasari m Speer (1979) yrepauwin cy aa ce 3a cucrem BaCO; -
SrCO, - (CaCO,) numensuje jepunnuunx hemuja, d,y B rycTHHA MEmbajy
JIMHEAPHO Y OJIHOCY Ha CacTaB y LEJIOM UCIHUTHBAHOM OICery. 3aBHCHOCT
CpelbEr JOHCKOT pajijyca Y OJIHOCY Ha 3aMpeMMHY Hajla3d CEé HEINTO
W3HaJl PaBHH Kaja Claja YHCTE Kpajlke WIaHOBE, IITO yKa3yje Ha Malid
NO3HTHBHH BHIIAK 3allpeMHHE YBPCTOT PacTBOPA.

AKO je yClIOB JTHHEAPHOCTH 3aJOBO/bCH, H aKO Ta JIMHEAPHOCT
HAC JAyX JIMHHJE KOja Claja Kpajibe WIAaHOBE, MOXE Ce KOPHCTHTH
ciepeha jejnmauMpa 3a JIMHEapHY OPOMEHY KPHCTAJIOrpad)ckmMx Ta-
pameTapa y OJHOCY Ha CacTaB:

Cas = X2Cp + x5Cp,

e cy:
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Xa- 3actymsenoct case A (v 1/100 mol. %),
Xg— 3actymmbenoct case B (y 1/100 mol. %),
Ca— Bpepnocr onprosapajyher Kpucranorpadekor napamerpa
dase A,
Cp— Bpepnoct oxrosapajyher kpucranorpacdekor mapamerpa
tasze B, n
Cas — Bpennoct oarosapajyher kpucraiorpacgekor nmapaMerpa
uBpcTOr pacTBopa aze A u haze B,
opu ueMy je Cg > C,, 1j. haza B je ca Behum jouckum pajjycom ont chase
A.
ITowmTo je:
Xxg=1-x,4
oHja,
Cr\B = xa\Cr\ -+ (1 2 xz\)CB!
Cz\B = xz\ca\ + CB In XACH!
Cas = xA(Ca—-Cp) + Cy,
Cas— Cp = x5(Ca - Cy),
XA(Cp—C,) = C3 - Cpp,
Xa = (Cs—Cap) / (Cs - Ca),
a na 6m ce 3aCTymbeHOCT X, jobmwna y mol. %, Tpeba
NOMHOXHTH ca 100, 1j.:
Xa = 100((Cg—Cyp) / (Cs - C,))-
KBanureTHe kpucranorpacdceke nopatke (ca osnakom =~ JCPDS)
3a Kpajibhe WiaHoBe poMOHYHMX KapOoHaTa, IPUKa3ajlH Cy:

- 3a aparosuT Keller u p. (1989, JCPDS 41-1475),

- 3a crpoHIMjaHAT Swanson u Fuyat (1954, JCPDS 05-0418),
- 3a mepy3uT Martin u McCarthy (1993, JCPDS 47-1734), u

- 3a paTepHT Kern u sip. (1993, JCPDS 45-1471).

Kao OocHOB 3a Hallla HCIMTHBaKka H MaTeMaTHYKe npopauyne Guhe
Y3€TH OBH KpHCTajiorpadhCKH oAy, KOjU Cy MPHKa3any y Tabenu 1.
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Tabeaa I:  Kpuciuanoepaperu  dodayu u  uspasynaimia 2yciiuna 3a
apazonuil, cliponyujanuill, yepy3uill u euitiepui.
aparonuT CTpPOHIGjanuT HCPY3HT BHTCPHT
(JCPDS 41-1475) | (JCPDS 05-0418) | (JCPDS 47-1734) | (JCPDS 45-1471)

[ h k1 d 1 d 1 d I d I
110" 42120 3 4,3670 14 4,4180 15 4,5629 8
02 0] 39840 ! 4,2070 6 4,2520 5 4,4520 4
11 1] 33970 100 3,5350 100 3,5900 100 3,7215 100
02 1) 32740 50 3,4500 70 3,5000 37 3,6603 50
00 2% 28720 [ 6 | 30140 22 3,0730 2] 3,2164 20
12 19] 27330 | 9 | 285% 5 2,9000 2 3,0145 2
Q 12" 2,7020 60 2,6380 20 2,8910 2 3,0251 6
1 Q2% 2,5960 12 2,6430 1 2,7518 4
031 2,6948 <]
20 0% 24810 40 2,5540 23 2,5880 9 2,6571 18
11 29] 23730 | 45 | 24810 | 34 | 25230 | 19 | 26290 30
13 0™ 2,5420 25 2,4580 40 2,4900 23 2,5912 40
02 2" 2,3300 25 24511 33 2,4900 23 2,6074 16
2.1 1'"] 21900 12 2,2646 5 2,3681 1
1:3 1 2,1680 2

1.2 2,1080 20

22 09 2,1080 20 2,1831 16 2,2130 5 2,2817 12
0 4 0™ 2,1035 7 2,1270 1 2,2260 4
202 1N 1974 55 2,0526 50 2,0820 2] 2,1505 50
032 1,9500 l

04 1| 18821 25 1,9860 26 2,0100 6 2,1035 20
2002 18775 25 1,9489 2] 1,9803 7 2,0487 18
013 18616 2

2 ¥ 1,8275 4

13 2™ 18149 20 1,9053 35 1,9340 15 2,0179 40
1 4 19 1,7598 3 1,8514 3 1,9554 <l
11 3™] 1,7430 25 1,8253 31 1,8590 15 1,9407 30
23 19 1,7290 12 1,8023 4 1,8924 1
0 2 3™ 17257 16 1,8134 16 1,8461 8 1,9319 14
2 2 2% 1,6984 2 1,7685 7 1,7956 3 1,8610 6
04 2] 1,6369 3 1,7253 5 1,7498 1 1,8304 3
1 23] 16500 1 1,8162 <l
31 0W) 16198 2 1,6684 3 1,6921 1 1,7376 &)
2 4 O 1,6236 4 1,6442 ! 1,7064 3
31 1] 1,5588 4 1,6080 13 1,6312 4 1,6774 12
QU5 215357 7 1,6408 1 1,7165 <l
15 0™ 1,5981 3 1,6172 1 1,6884 2
2 4 1% 14993 4 1,5676 13 1,5883 4 1,6492 14
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AparoumT cTponuUMjaumT uepyInT HHTCPHT
(JCPDS 41-1475) | (JCPDS 05.0418) | (JCPDS 47-1734) | (JCPDS 45-1471)
213 1,4891 |
321 ] 14764 2 1,5948 <l |
15 10 14672 4 1,5447 T 1,5633 3 1,6331 12
00 4| 14360 1 1,5072 3 1,5366 | 1,6082 5]
2 2 39| 14167 1 1,4782 1,5032 3 1,5626 6
01 4 1,4132 3 1,5826 <]
31 2% 14107 4 1,4596 4 14819 2 1,5287 3 )
33 0™ 14040 3 1,4551 9 1,4754 -4 1,5211 7
0 4 3™ 13804 <] 1,4751 4 1,.5443 2
2 4 2| 13663 2 1,4295 (o} 1,4496 3 1,5074 3
3 3=1 1,3639 2
11 49] 1,359 5 1,4246 7 14515 2 1,5168 5
0 2 49| 1,3507 2 1,4455 2 1,5126 2
322 1,3487 3
15 2W| 13416 2 1,4120 5 1,4307 | 1,4950 3
143 1,3290 1
06 0W| 1,329 | 1,4024 4 1,4186 | 1,4639 3
251 1,3058 1
124 1,3035 1
3 3 2| 12615 5 1,3103 10 1,3296 2 1,3753 12
161 1,2521 1
2 0 49] 12427 3 1,2977 4 13214 I
3-4.00] 12427 3
31 3™] 1,2365 6 1,2840 13 1,3044 4
4 0 09| 1,406 4 1,2766 4 1,2051 1 1,3286 4
053] 1,245 3
13 49| 12245 3 1,3071 3 1,3664 10
252 12149 2
06 2™| 1,059 4 1,2885 2 1,3474 14
2 4 3™] 1,2059 4 1,2823 2 1,3352 7
15 3| 1,189 3 1,2693 1 1,3266 8
22 49| 1,1864 2 1,2620 <1 1,3145 2
162 1,711 3
26 07 11711 3 1,2439 1 1,2956 6
0 4 4™ 1,1642 1 1,2459 1 1,3035 1
342 11642 1
015 1,2732 <1
420 1,2385 1 1,2732 <]
350 1,2559 <l
4 2 1] 1,1600 2 1,2146 1 1,2489 5
ag” 4,962 5,107 5,178 5314
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ﬂpﬂl'(}lll‘l'l' CTp(]lllulj anmuT I[(!]J}':HIT llllTEpllT
(JCPDS 41-1475) | (JCPDS 05-0418) | (JCPDS 47-1734) | (JCPDS 45-1471)
| 7,968 8,414 8,515 8,903
e 5,743 6,029 6,146 6,433
Vo 227,11 259,07 270,98 304,42
D, 2,927 3,785 6,550 4,306

cy Takobe BeoMa perke.

) - gkpucrasiorpachek napaMeTap Koju je sajeannuki 3a pehuny mmnnepana y

Tabenu 1.

Kao mrro ce Mmoxe BujeTi u3 tabese 1, Hekn KpHcTanorpacgeku
MmapaMeTpH cy NpHCYTHH caMO 3a jefny a3y poMOGu4HHX KapOomnara.
Camum TuMm, TH napameTpu nucy norpebnu u 30or Tora he 6urn u3ysern
n3 m3pauynasama. To cy cieehe hkl pecpnekcenje: 031, 131, 122, 032, 013,
212, 213, 331, 322, 143, 251, 124, 161, 341, 053, 252, 162, 342, 015 u 350.
Takohe he 6urn uzyszere u pecpaekenje ca hkl: 123, 321, 014 u 420, koje

[TomTo je KOHCTaTOBaHO Jla je 3aBHCHOCT u3meby Kpucrano-
1'pa(bcmix napaMeTapa M cacrapa :umcapua, d Jia 3a CBa ICTHPH Kpiljlha
yjaHa OBC H30MOphHE CepHje NOCTOje MOJIA3HH KPUCTANOrpachcku Mo-
nany, To he 6uTH OCHOBA 3a Hallle MaTEMaTHUKE POpavyHe.

PE3Y/ITATU MATEMATUYKUX I[TPOPAYYHA U
AUCKYCHIA

Cucrem CaCoO, - SrCO,

Y nurepaTypHHM MOJaHMa MO3HATH CY HEKH YBPCTH PACTBOPH
u3 cucreMa CaCO,- SrCO,.

Tabeaa 2: Ilpeiiuiociliasmenu Xemujcku caciliaé u Kpuciliaaoxemujcka
opmyaa xaayuociuponyujanuimia Dietrich-a (1960) na ocnosy
3 O aiioma.
OKCH % 6poj aToma na ocuosy 3 O atoma'?
CaO 8,10 0,200 Ca
SrO 60,104 0,800 Sr
CO, 31,80 1,000 C
z 100,00 3,000 O

M- opaj pan.
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Dietrich (1960) mcunTiBao je¢ KaauocTpouunjamT 3 Bupy-
uanje (CAJL) ca 8,10 % CaO. ITomrro ¢y XEMHJCKH HOJAL HEnoTnynn,
MOXE Ce NMPETNOCTaBHTH cnenchin XeMUjCKIt cacras Koji j¢ npukasan y
Tabenn 2.

Mitchell u Pharr (1961) Takobe ¢y nenuruBaan KaJiocTponm-
janur 13 Buppokunnje, ann ca 10,60 % CaO. [lomro ¢y n opjie XeMHjcku
NOJAI HEeMOTHYHH, MOXE €€ MpeTHocTaBuTn ciejichn XxeMujckn cacras
KOjit je nmpukasan y Tabexn 3.

Tabeaa 3: Ilpewiiociiasmenu Xemujcku Caciias u Kpuciantoxemujcka
¢opmyaa kaayuociuponyujanuwia Mitchell-a u  Pharra
(1961) na ocnosy 3 O aiiosa.

OKCH % 6poj aroma na ocnony 3 O aroma'”
Ca0 10,60 0,256 Ca
SrO 56,951 0,743 S
CO, 32,43 1,000 C
E 100,00 3,000 O
a _ oBaj pan

Vasil’ev 1 Chesnokov (1992) ucnuTHBajJIiH Cy UBPCTH PacTBOp
(Sr,Ca)CO; n3 Cubupa (Pycnja) ca ckopo nojjeanakum ojnocom CaCO,
n SrCO,;. XeMHjcKH cacTaB H H3payyHaTa KpHCTajoXeMujcka chopmyia
OBOT y30pKa DpHKa3aHHA cy y Tabenn 4.

Tabeaa4: Xemujcku caduae u KpuaudaoxXeMmujcka hopsyaa ysopka
Vasi'ev-a u Chesnokor-a (1992) na ocnosy 3 O aiioma.

OKCH % npepaqyn ua 100 % m:;:;l ; T(()}::(ﬂ?at o

CaO 19,60 20,04 0,457 Ca

SrO 42,79 43,75 0,539 Sr

PbO 1,10 1,12 0,006 Pb

BaO 0,82 0,84 0,007 Ba

CO, 33,50 34,25 0,995 C
> 97,81 100,00 3,000 O 5
(). oBaj pan.

Kparcranorpagckd nogamu koje je mpukazao Dietrich (1960)

HENMOTNYHH CY, jep Cy AaTe caMo d-BpEHOCTH H MATCH3HTETH, Ia je y
OBOM pajly OBaj MAHEpaJl HHAEKCOBaH H H3padyHaTe Cy JIMMEH3Hje jel-
uauyHe henmje. Takobe, Heke d-BpefiHOCTH KOje cy npukasanu Mitchell u
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Pharr (1961) uncy perynapue, opnocno d-spepnocru 2,4600 u 2,4300
npunajajy MuneposuM uujiekeuma 112 w130, tako pa cy u osje
uapauyHare jiuMensuje jepnunanc henuje. OBu nopanu cy 3ajeiHoO ca no-
naumuma Vasil'ev-a u Chesnokov-a (1992), kao u ca W3padyHaTHM Bpejl-

nocruma 3a CaCO,, npukasanu y Tadesnn 5.

Taoeaa 3:

Kpuciianoipaheru

uapameiipu 3a (Sr,Ca)CO,

Kapoonaitie

(Dietrich, 1960; Mitchell u Pharr, 1961 u FPasil’ev u Chesnokov,
1992) u uspauynaiue épeonociiu 3a CaCo, (u mol. %).

(5ry.630Cay.47)CO, (Sro70C20256)0,999C1.0000,™ (Sru200C20,200) 1,000Crom 05"
(JCPDS 44-1421) (Mitchell i Pharr, 1961) (Dietrich, 1960)
h k| d I | CaCoO, d 1 CaCO, d 1 CaCO,
110" 4.3300 W 2387 4,3400 W 17.42
02 0=» 4.1600 wWw 21,08 4.1700 ww 16,59
11 1] 34870 100 3478 3.5100 Vvs 18,12 35100 vvs 15,12
02 1% 33820]| 60 38,64 3,4000 vs 28,41 3,4100 vs 22,73
00220680 | 13 | 3239 | 29800 | mw 23,94 2.9800 w 23 .94
l z im)
0 1 2#v | 27800 | 27 | 36,03 | 28100 m 20,59 2,8150 w 16,91
10 2% 25540 | 1o / 2,5800 W / 2,5800 w /
20 0*"]25290] 16 3425 2,5300 mw 3288 2,5400 s 19,18
11 2%%[ 24300 | 40 | 3889 | 246000 | m 19,44 2.4600 m 19,44
1 3 0" 24060 | 32 44,83 2.43001" 5- 24,14 2.4300 Vs 24,14
0 2 zlal
Z 1 1= 22340 | 4 41,02 | 22500 W 19,57 2,2500 W 19,57
220021510 13 | 4274 | 21600 | mw 30,76 2,1650 m 24,10
04 0¥ 2.0700 W / 20750 w /
2 2 1°%3] 20210 | 50 | 2202 | 2,0400 s 16,76 2,0400 s 16,76
04 12| 19300 15 | 4524 1,9600 mw 25,02 1,9600 m 25,02
2 0 2% 19220 19 37.68 1,9300 mw 26,47 1,9350 mw 19,47
1 3 20021 18670 | 27 42.37 1.8800 m 27,99 1.8850 m 22,46
l 4 llli
11 3= 17930 5 3925 1.8100 mw 18.59 1,8100 m 18,59
2 3 llll
023~w[17780] 19 [ 4036 | 1.7900 w 26,68 1,8000 mw 15,28
22203 17400 3 | 4066 | 1,7500 w 26,39 17500 | ww 26,39
04 20" [ 16360] 3 | 4446 | 1.7000 | ww 28,62 17050 | www 22.96
31016500 2 3786 | 16500 | wvw- 37.86 1,6600 vw 17,28
2 4 0™
31 1*V[ 13880 8 | 4065 | 1.6000 | mw | 1626 | 16000 | mw | 1626
05 1™
1509
24 1D 15370 6 | 4480 | 15500 | mw | 2577 | 15500 | mw | 2577
15199 1,5090 ] 6 | 4606 | 15300 | w 1897 | 15300 | ww | 1897
00 4= 1.4900 ww 2416 1,4900 wWw 24,16
223% [14550] 3 [ 37732
312® |14400] 3 | 4008
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Tanvwuh I1.

JCPDS

148

(2

) - kopuwhenn napameTpn 3a cpejirsy Bpentoct (I)
©) - xopumhesn napameTpu 3a cpensy spenroct (1)

(Srp.50Cy 70)CO, (8107000, 356) 0.9909C1 0000, (Sr000C 00, 200) 1,000C 1oy O, V]
(JCPDS 44-1421) | (Mitchell u Pharr, 1961) (Dietrich, 1960)
33 oW 1.4400 vw 29,55 =~
0 4 3@ 1,4400 ViV /
2 4 2@ 14100 VW 30,63
11 4™ | 14000 5 40,00 14100 VW 2232
o 2 4!-\.
152w
06 0™ 1.3800 ww 30,52
33209112900/ 5 41,60 1.3000 mw 2111 1.3000 v 21,11
2 0 4™ | 1,2760 3 39,45
313w 1.2700 mw 2947
400" | 12630] 10 37,78
13 4= 1,2700 mw /
0 6 2{!1
2430
15 3[-]
2 z ‘[-]
26 0(-}
04 ‘(l)
421w
a i) 5,054 36,55 5,069(4)™" 26.21 5,080(3)'V 18,62
by~ 8,209 43,96 8,285(7) 28,92 8.312(6)" 22,87
[ Al 5,916 39,51 5.967(4)\V 21,68 5,969(3)" 20,98
A Ay 245,44 42,65 250,6(2)™" 26,50 252,0(2)W 22,12
D, 3352 5047 3.5900) 22,73 3,650 15.73
sr.vr.1 () 4239 25,04 22,13
sr.vr. 11 () 41,17 25,83 21,15
®) _ xpucranorpacdeky napamerap Koju je 3ajenuuuku 3a sehuny minepana y
Tabenn 5.
™ . oBaj pan

M3 Tabere 5 MOXe ce BHAETH Jla BpeJiHOCTH JloOHjeHe nmoMohy ay,
o, €0, Vo, diz0, A0y Aoy, doss, daay Ay, dog, Aoy, ® dysy, yrITaBHOM 3aJ10BO-
JbaBajy yclIOBe KOjH Cy NOMEHYTH Y MPETXOJHOM IOrJaBby, Tj. KOjH Cy
noTpebHE fa 61 ce noMohy BHEX BpmmaM npopadyHn. Takobe, Moxe ce
BHJCTH Ja cy nobujere cpeame BpennoctH (I u 1I) 3a CaCO; npuiiHIHO
GnEcke cacTaBEMa JOOMjEHHM M3 XEMHJCKMX aHanu3a, ¢ O63MpoM Jia cy
KanmEocTponEjaraTH Dietrich-a (1960) u Mitchell-a n Pharr-a (1961)
JaBHO ypabeHA MaBbe NpeNU3HAM HHCTPYMEHTHMA, JIOK (Ca,Sr)-kap6oHaT
Vasil’ev-a m Chesnokov-a, (1992) mema 03HaKy BHCOKOKBAaJIHWTETHOT

yaopka ().
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Oopehusamwe caciiasa 4spciaux paciieopa pombudnux kapbonaiua ...

Speer u Hensley-Dunn (1976) npuka3sanu cy cienehe jennaqune
3a ofipchuBaibe cacraBa CTPOHIIMjaHHATA:

SrCO, (mol. %) = (-2116,24 + 1162,84 * d,3,) + 0,95;
SrCO; (mol. %) = (-3886,02 + 702,03 * ag) + 2,37

Ogjie MOpaMO Jla HarJIaCHMO Jla CMO NPHMETHJIHM Jla je Y OBOj
jennaunuu (ctp. 1003) BepoBaTHO JOLLIO IO MITAMOAPCKE IpEIKe, jep ce
nobujajy Hemoryhe BpejiHocTH, Tako fla 6H, MO HalleM MHILERY, OBa
jennaunna Tpebano ja oyjue:

SrCO; (mol. %) = (-3486,02 + 702,03 * a,) + 2,37,

SrCO; (mol. %) = (-1746,35 + 219,41 * b,) £+ 1,00;

StCO; (mol. %) = (-2156,62 + 373,83 * ¢o) + 2,26;

SrCO; (mol. %) = (-734,63 + 3,219 * V,) £ 0,79;
StCO, (mol. %) = (-367,47 + 123,18 * D,,,)) £ 0,29; i
StCO; (mol. %) = (-381,35 + 127,33 * D,;,,) + 0,45.

Oge jeynaunne he GutH ynotpebibeHe la 6U ce OXPEJHO cajipXkaj
SrCO,, ojnocno CaCO, (100 - SrCO;) (Ca,Sr) kapbonaTa KOjU Cy HCIIMTUBAHH Y
taberm 5. OBH pe3ynaTaTH cy, 3ajefHO ca HammMm m3padyHatum CaCO, (y
mol.%) u cpejiibuM BPEIHOCTAMA, IPAKa3aH| y Tabesn 6.

Tabeaa 6: Hapauynaitiu cadpycaju SrC0O, u CaCO, tomohy jednavuna Speer
u Hensley-Dunn (1976), 3ajedono ca Hawusm u3pasyHamium
CaCO, u cpedrwus apednociauma (y mol. %).

(Srg530Ca0470) CO, (Sfo.uscau.zsﬁ)o,mca,ounosm (Sl‘o_mcao.zoull.mcl.mojm
(JCPDS 44-1421) (Mitchell u Pharr, 1961) (Dietrich, 1960)
SrCO,M|CaCO,*|CaCO,'"|SKCO,*|CaCO,*|CaCO,"|S:CO,#| CaCO,?|CaCO,!!
d;y, | 54,78 45,22 42,37 69,90 30,10 27,99 75,71 24,29 22,46
ag | 62,04 [ 3796 36,55 | 72,57 [ 27,43 26,21 | 80,29 19,71 18,62
by | 54,79 45,21 45,96 71,46 28,54 28,92 77,39 22,61 22,87
cy | 5496 45,04 39,51 74,02 25,98 21,68 4,17 25,23 20,98
Vo | 5544 | 44,56 4265 | 2,05 | 2795 26,50 | 176,56 23,44 22,12
D, | 4543 54,57 50,47 74,75 25,25 22,13 82,14 17,86 15,73

54,57 | 4543 | 42,92 | 72,46 | 27,54 | 2567 | 77,81 | 22,19 | 2046

). oBaj pan
(). jepnaunne (Speer n Hensley-Dunn, 1976)
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Tanvuh I1.

M3 Tabene 6 Moxe ce Bieri ja Cy naumm npopavynima jloGujene
Gome cpembe  BpejocTin 3a KapOonare cacrasa (St C a026)0Cr0: 1
(Sras0Cauan)1000C 10005 @ Jounije 3a (SrgsnCagm)CO..

Speer u Hensley-Dunn (1976) wenmrann ¢y 12 kanunocrponnu-
JAHATA W3 Pa3HIX JOKAIHOCTIL. Bpennocrn cappkaja SrCO, Koju cy
U3PAIYHATH UPEKO IHHXOBUX JeAHAWHHA CY, 3ajeqHO €A U3pa'ynaTHM
CaCO; (100 — SrCO,) u nspauynarum CaCO, (y mol. %) npeko name
JennavnHe, npuKasaun cy y TaGenama 7-14.

Tabeaa 7: Hspauynaitiu cadpawcaju SrCO; u CaCO,; iomohy jednavune za
012-usMepeno (Speer u Hensley-Dunn, 1976), sajedno ca nawus
uspaiyuaiium CaCo, (v mol.%).

Sr Ca Pb Ba (LR SrCQO," CaCO," CaCO,'M
0,9655 0,0287 0,0005 0,0028 1,9017 95,13 4,57 3,98
0.9094 0,05873 0,0006 0,0030 1,5954 91,30 8,70 1.63
0,5595 0,1051 0,0001 0,0025 / / / /
0,5534 0,1134 0,0006 0,0028 1,6954 §7,61 12,19 10,95
0,8420 0,1544 0,0003 0,0036 / / ! /
0,5378 0,1598 0,0003 0,0027 1,8922 54,09 15,91 14,49
0.5178 0,1791 0,0001 0,0032 1,8905 82,11 17,89 16,37
0,5153 0,1817 0,0004 0,0028 1,8591 50,45 19,52 17,92
0,7926 0,2040 0,0002 0,0034 1,8879 79,09 20,91 19,25
0,7651 0,2286 0,0002 0,0033 1,8850 75,71 24,19 12,46
0,7586 L2385 0,0004 0,0027 / / / /
0,7531 02435 0,0003 0,0029 1,8830 73,39 26,61 24,61

). oBaj pan

@ - jennaumna (Speer n Hensley-Dunn, 1976)

Tabeaa 8: Hspauynaiuu cadpucaju SrCO, u CaC0, iiomohy jeonawune za
0,3,-u3pavynaiio (Speer u Hensley-Dunn, 1976), 3ajedno ca
Hawum uspasynaiuum CaCo, (y mol. %).

Sc Ca Pb Ba dial 5rCO," CaCO," CaCO,"
09685 | 0,287 0,0005 0,0028 1,9022 95,71 4,29 3,43
09094 | 0,0873 0,0006 | 10,0030 1,8985 91,41 8,59 7,52
08895 | 0,1081 0,0001 0,0025 1,8954 87381 12,19 10,95
08634 | 01134 0,0006 0,0028 1,8957 88,16 11,84 10,62
08420 | 0,1544 0,0003 | 0,0036 1,8922 84,00 15,91 14,49
08378 | 10,1598 0,003 | 0,0027 1,8016 83,39 16,61 15,15
08178 | 10,1791 0,0001 0,0032 1,8906 8222 17,78 16,26
08153 | 0,1817 0,0004 | 0,0028 1,8897 81,18 18,82 17,26
07926 | 02040 | 00002 | 00034 | 18881 79,32 2068 | 1903 |
0,7586 | 02385 0,0004 0,0027 1,8861 76,99 U301 | 212h
0,7681 | 02286 0,0002 0,0033 1,8853 76,06 2394 22,12
07531 | 02438 0,0003 0,0029 1,8839 14,43 2557 | 123,67

M. opaj

(4) - jenuaquna (Speer u Hensley-Dunn, 1976)
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Qodpehueame cacitiasa 468pciiux paciieo,

Tabeaa 9:

Hipauynaiau cadpxcaju SrC0O, |

(Speer u Hensley-Dann, 1976), .
CalCO, (y mol.%).

4} _

Sr Ca Pb Ba ay
0,9685 | 0,0287 0,0005 0,0028 5,1028
09094 | 0,0873 0,0006 0,0030 5,0984
0,8895 [ 0,1081 0,0001 0,0025 5,0944
0,8834 0,1134 0,0006 0,0028 5,0936
0,8420 | 0,1544 0,0003 0,0036 5,0888
0,8378 | 0,1598 0,0003 0,0027 5,0881
08178 | 0,1791 0,0001 0,0032 5,0854
08153 | 0,1817 0,0004 0,0028 5,0841
0,7926 | 0,2040 0,0002 0,0034 5,0834
0,7681 0,2286 0,0002 0,0033 5,0763
0,7586 | 0,2385 0,0004 0,0027 5,0789
0,7531 0,2438 0,0003 0,0029 5,0746

. oBaj paj

jeanaunna (Speer n Hensley-Dunn, 197

Tabeaa 10: H3apauynaitiu cadpacaju SrC0O, |
(Speer u Hensley-Dunn, 1976), .
CalO; (y mol.%).

Sr Ca Pb Ba b,
0,9685 | 0,0287 0,0005 | 00028 [ §,3992
0,9094 | 0,0873 0,0006 0,0030 8,3759
08895 | 0,1081 0,0001 0,0025 8,3602
0,8834 | 0,1134 0,0006 0,0028 8,3619
0,8420 [ 0,1544 0,0003 0,0036 8,3440
0,8378 | 0,1598 0,0003 0,0027 8,3389
08178 | 0,1791 0,0001 0,0032 8,3361
08153 [ 0,1817 0,0004 0,0028 8,3317
0,7926 | 0,2040 | 0,0002 0,0034 | 8,3211
0,7681 0,2286 0,0002 0,0033 8,3059
0,7586 | 0,2385 0,0004 0,0027 8,3154
0,7531 | 0,2438 | 0,0003 | 0,0029 | 8,3005

M. oBaj pan

@ - jepnaunna (Speer n Hensley-Dunn, 1975



Tanyuh II.

Tabeaa 11: Hspauynaitiu cadpxcaju SrCO; u Cal0, iiomohy jednauune za s
(Speer u Hensley-Dunn, 1976), sajedno ca nawus uspavynaiiiug

Calo, (v mal.%).

St Ca Pb Ba cy S${CO,* | CaCO™ | CaCO,®
0,9685 | 0,0287 0,0005 0,0028 6,0197 93,72 6,28 3,25
0,9094 0,0873 0,0006 0,0030 6,0115 90,66 9,34 6,12
0,8895 0,1081 0,0001 0,0025 6,0012 56,81 13,19 9,72
0,8834 0,1134 0,0006 0,0028 6,0027 87,37 12,63 9,20
08420 | 0,1544 0,0003 0,0036 59917 83,26 16,74 13,04
0,8378 | 0,1598 0,0003 0,0027 59920 83,37 16,63 12,94
0,8178 0,1791 0,0001 0,0032 5,9869 81,46 18,54 14,72
0,8153 | 0,1817 | 0,0004 | 0,028 | 59547 | 80,64 19,36 15,49
0,7926 | 0,2040 0,0002 0,0034 53,9806 79,11 20,589 16,92
0,7651 0,2286 0,0002 0,0033 53,9743 16,75 23,25 19,13 |
0,7586 | 0,2385 0,0004 0,0027 59716 75,74 24,26 20,07
0,7531 0,2438 0,0003 0,0029 5,9687 74,66 25,34 21,08

m_ osaj pan

) - jennaunna (Speer it Hensley-Dunn, 1976)

Tabeaa 12: Hspadynaiuiu cadpcaju SrCO;u CaCO, iomohy jeonauune 3a ¥,
(Speer u Hensley-Dunn, 1976), sajedno ca nawum upasynaitius

CaCO, (y mol %).

Sr Ca Pb Ba Vy $tCOM | CaCO,"* | CaCO,™
0,9685 | 0,0287 0,0005 0,0028 258,00 95,87 4,13 3,35
0,9094 | 0,0873 0,0006 0,0030 256,71 91,72 8,28 7,38
0,8895 | 0,1081 0,0001 0,0025 255,59 88,11 11,89 10,89
0,8834 | 0,1134 0,0006 0,0028 255,66 88,34 11,66 10,67
0,8420 | 0,1544 0,0003 0,0036 254,42 84,35 15,65 14,55
0,8378 | 0,1598 0,0003 0,0027 254,24 83,77 16,23 15,11
08178 | 0,1791 0,0001 0,0032 253,80 82,35 17,65 16,49
08153 | 0,1817 0,0004 0,0028 253,51 81,42 18,58 17,40
0,7926 | 0,2040 0,0002 0,0034 252,97 79,68 20,32 19,09
0,7681 | 0,2286 0,0002 0,0033 251,90 76,24 23,76 22,43
0,7586 | 0,2385 0,0004 0,0027 252,20 77,20 22,80 21,50
0,7531 | 0,2438 0,0003 0,0029 251,41 74,66 25,34 23,97

M- opaj pan
@ . jennaunna (Speer u Hensley-Dunn, 1976)

152



Oopehusarve cacitasa 4apciuiux paci.

Tabeaa 13: Hspawynaiuu cadpycaju SrCG
(Speer u Hensley-Dunn, 1976,
CaCao, (y mol %).

Sr Ca Pb Ba D,
0,9685 0,0287 0,0005 0,0028 3,1
0,9094 0,0873 0,0006 0,0030 3,7
0,8895 0,1081 0,0001 0,0025 3,1
0,88 34 0,1134 0,0006 0,0028 /i
0,8420 0,1544 0,0003 0,0036 /
0,8378 0,1598 0,0003 0,0027 3,6
0,8178 0,1791 0,0001 0,0032 3.6
0,8153 0,1817 0,0004 0,0028 3,6
0,7926 0,2040 0,0002 0,0034 3.5

0,7681 0,2286 0,0002 0,0033 /

0,7586 0,2385 0,0004 0,0027 /

0,7531 0,2438 0,0003 0,0029 33
- opaj pan

- jepnaunna (Speer u Hensley-Dunn, 1

Tabeaa I4: Hipauynaitiu cadpicaju SrCO
(Speer u Hensley-Dunn, 1976)
CalO, (y mal%).

Sr Ca Pb Ba D,
0,9685 0,0287 0,0005 0,0028 3,77
0,9094 0,0873 0,0006 0,0030 3,71
0,8895 0,1081 0,0001 0,0025 3,7C
0,8834 0,1134 0,0006 0,0028 3,7C
0,6420 | 0,1544 0,0003 0,0036 3,6€
0,8378 0,1598 0,0003 0,0027 3,66
08178 | 0,1791 0,0001 0,0032 3,64
08153 | 0,1817 0,0004 0,0028 3,64
0,7926 | 0,2040 0,0002 0,0034 3,62
0,7681 0,2286 0,0002 0,0033 3,61
0,7586 [ 0,2385 0,0004 0,0027 3,59
0,7531 0,2438 0,0003 0,0029 3,59

W oBaj pan
@ - jennaunna (Speer n Hensley-Dunn, 1

U3 rtabena 7-14 moxe ce BH;
CaCO; m3 mame jemHaumme, y opHON
JerHaunHa Speer u Hensley-Dunn (1976)



Tanquh II.

JTABHOM Y KOPEAALMjH, T]. HEKE HALIC BPENHOCTH ¢y nemto 0olbe, a neke
Hemro nomuje. Bpennocru 3a CaCO, obujence npeko iy, ¢ 1 Dy, Mame ¢y,

M3 pesyarara CBHX OBHX HCHHTHBAILA 34 CHCTEM pOMOHUNHX
kapOonata CaCO,-SrCO;, MOXe ce YTBPJMTH Jla NOCTOjH JIHHCApHOCT
KpucTajnorpackux napamerapa y ojuocy na cacran. Ta JIHeapnoct
MOXJIa HHje Y MOTNYHOCTH WICAJHA Yy CMHCIY NOKJIANaima ca JIHHHjoOM
KOja Craja Kpajibe WIAnoBe, aju je Bpno onueka 3a dyo,..0 dins by, Vo ur
D,. C npyre crpane, HajBEPOBATHH]C JIa |¢ 3a &, ¢ W D, TO oncryname
MaJIoO BHILIE H3PAXKEHO.

3AK/BYYHAK

HcoutaBane cy moryhwocrd ojpebusama cacrapa uBpermx
pacTBopa poMOHYHHEX KapOoHaTa (aparoHHTa, CTPOHIHJAHNTA, LICPY3HTa
H BHTepHTa) noMohy KprcTajsorpackux napamerapa.

Ha ocHOBY iHTepaTypHHX NOjlaTaka HPETIOCTABLENO je jla ce
KpHcTanorpackn napaMeTpi Membajy THHEapHO ca CaCcTaBOM, H Jia je Ta
3aBHCHOCT YK JINHH]jE KOja craja Kpajie wianose. CaMHUM THM, MOTJIa je
jla ce npuMeHH cieficha jegnaynna:

Xa = 100((Cg - Cpup) / (Cs—Cn)).-

ITomohy oBe jegnaumne ucnuTHBaH je cucreM CaCO, - SrCO,, a
Ka0 OCHOB 3a Ta HCIHTHBama M MaTeMaTH4YKE IPOpadyHe, Y3€TH Cy
KpHCTajlorpadcKu Nojlalid KOjH Cy MpAKa3aHu y Tabenu 1.

IlpeTnocraBlbeHE XxeMHjckH cacraBd Dietrich-a  (1960) n
Mitchell-a u Pharr-a (1961), xemujcku cacrap Vasil’ev-a u Chesnokov-a
(1992), u u3payyHaTe KpHCTaJoXeMHjcKe (hOpMyJie OBHX y30paKa, NMpH-
Ka3aHe cy y Tabenama 2-4.

Kpacranorpadcku mopaus Koje je mpukaszao Dietrich (1960)
HENOTIYHH cy, 360r Tora mTo cy jate caMo d-BpeJIHOCTH H HHTECH3UTETH,
Na je OBaj MHHEPAJI HHJICKCOBAH H M3padyyHaTe Cy JIAMCH3HjE JCHHAYHE
henmje. Takobe, Heke d-BpejHoCcTH KOje cy mpukasaau Mitchell u Pharr
(1961) mmcy perynapge, onHocHo d-BperocTH 2,4600 1 2,4300 npunajajy
MuneposaM HHIeKcAMa 112 1 130, Tako fa cy 4 OBjie H3padyHaTe JIAMCH-
3Hje jeluEngHe henmje. '
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Odpehusave caciiasa 4apciiux paciuaopa pombuynux kapoonaiaa ...

OB nojlany cy, 3ajejino ca nojauuMa Vasil’ev-a u Chesnokov-a
(1992), kao u ca u3padynatum spepaoctuMa 3a CaCOs, npuKasaHd y Ta-
Oenn 5.

M3 Tabene 5 MOXe ce BUJICTH Jla BPEIHOCTH JlobujeHe noMohy ay,
by €0 Vo disay dazor diag, doar, dagas dysz, dana, dayy, 1 dysy, yrmaBaom 3agoBo-
haBajy TCOPCTCKE YCIIOBE, Tj. KOJH ¢y moTpebuu fa 6u ce noMohy mHuX
BpiuniK npopavynu. Takobe, MoXe ce BHJIETH Jla cy jobujene cpefme
spejinoctd (1w 11) 3a CaCO, npunnvno Oi1HCKe cacTaBMMa JOOHjEHUM U3
XEMHJCKHX anajin3a, ¢ 063upoM jla ¢y KajuuocrponurjanuTn Dietrich-a
(1960) u Mitchell-a u Pharr-a (1961) maBuo ypabeHu Maibe NMpenU3HAM
uHeTpyMenTHMa, ok (Ca,Sr)-kapGonaTt Vasil’ev-a u Chesnokov-a (1992)
HeMa 03HaKy BacokoksaiaureTnor JCPDS y3opka ().

Speer u Hensley-Dunn (1976) npukazaid Cy HEKOJIHKO
jeanaunna 3a ojpebuBame cacrasa CTPOHIMjaHHTA, W TE jeJIHAYHHE CY
ynotpebmene 3a ojpebusame cajpxkaja SrCO;, opnocno CaCO; (100 -
SrCO;) kapbonarta Koju cy HcnuTHBaHA y Tabenu 5. OBy pesynrartu cy,
3ajenno ca uspauynatum CaCO, (y mol. %) npeko Haie jefHa4YHHe U
CPCIILHM BpEIHOCTHMA, TPHKa3anH y TaGenn 6.

M3 tabene 6 MOXKe ce BUIETH Jla Cy HallliM IpOopadyHuMa Jo0HjeHe
fosme cpejlibe BPEJHOCTH 3a KapOoHaTe cacraBa (Sry74Cagass)osnCianOs H
(Sro.00Ca0200)1,00C 100003, @ TOmHjE 32 (Sry50Ca,470)COs.

Speer u Hensley-Dunn (1976) ucouranu cy 12 xamquocTpoHIU-
jaHuTa M3 pasHUX JoKanHocTu. BpepHoctn cagpxkaja SrCO; koju cy
3pavdyHaTH MPEKO IHHXOBHX jeJHAYHMHA Cy, 3ajCAHO Ca HM3pavyHATHM
CaCO, (100 - SrCO;) n m3paaynatum CaCO, (y mol. %) npeko Hauie
jenaunte, npuKasauu y tabenama 7-14.

M3 rabena 7-14 MoXe ce BHIETH Ja cy NOOHjeHH cajpiKaju
CaCO; u3 Hamie jefHaYHHE, Y OJIHOCY Ha pe3ynTaTte pobujene wu3
jennauuna Speer 1 Hensley-Dunn (1976), 3a dsmeas, di32cacs Doy Vo # Dy yr-
JTaBHOM Y KOpeJlal|j, Tj. HEKE Hallle BPEHOCTH Cy HEWITO 6oJbe, a HEKe
nemro nomuje. Bpepnocru 3a CaCO,;, fobujeHe mpeko a,, ¢, 1 D, Mame
cy.

W3 pesynrata CBHX OBHMX MCIHTHBaHa 33 CHCTEM POMOHYHMX
kapbonara CaCO, - SrCO;, MOXe ce YTBPJANTH Jia NOCTOjH JIKHEAPHOCT
KpHcTanorpad)ckiux napaMeTapa y OfHOCY Ha cacraB. Ta JiMdeapHOCT
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Tanyuh I1.

MOXJIa HHje Y MOTIYHOCTH Wiealla, y CMHCIY NOKJIAlaha ca JIHIHjoM
KOja Cllaja Kpajibe WIanose, an je spio Oancka 3a dyuye Giveae by Vo 1t
D,. C npyre crpane, najBepoBaTHHje Jla je 3a &, ¢ 1 D, 10 ojicryname
MAaJIO BHILIE H3PaXKeHO.

30or Tora, npeTnocraBmbaMo jla 61 ce MOIJIa KOPUCTHTH Halla
jennaunHa 3a ofpebuBame cacraBa H3 KpucranorpachcKux napamerapa,
ca BEPOBATHO HEIITO Maj0 BEhOM IpemikoM Hero wro je 1o ciayuaj koj
jenHaunsa Speer H Hensley-Dunn (1976), a napounTo 3ato mro je jex-
HOCTaBHA 1 MOXE JIa C€ KOPHCTH H 3a OCTaJle CHCTEME.

M3riena ja cy 3a n3pauynasaiba najuorojimnju eiejichn kpucra-
norpadCKu MapaMeTpH: ay, b, Co, Vo, dix, Ao, daagy doayy dagas iz, dagay dagy,
H dy5;, @ HOax je §ajéobe KOPHCTHTH CPEeNibe BPEJIHOCTH JIOOHjCHE H3 CBHX
npopavyHa.
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DETERMINATION OF THE COMPOSITION
OF THE ORTHORHOMBIC CARBONATE SOLID
SOLUTIONS USING CRYSTALLOGRAPHIC PARAMETERS,
PART I: THEORY, POSSIBILITIES AND MATHEMATICAL
CALCULATIONS FOR THE CaCO,-SrCO, SYSTEM
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Key words: theory, possibilities, linear dependence of the crystallo-
graphic parameters variation regard to the composition,
equation, ag, by, ¢y, Vo, dix, daag, doays doar, dagas iy daa,
daay, dysy, calculated CaCO,, calculated SrCO,, compari-
son.

Abstract: There were investigated possibilities of determination of the composi-
tion of the orthorhombic carbonate solid solutions using crystallographic parame-
ters. If crystallographic parameters vary linearly with composition, and if that de-
pendence is along the line which join the end members, than it can be applied fol-
lowing equation:

Xs = 100((Cp —Cpp) / (Cg - C,))-

By this equation it was investigated CaCO; - SrCO; system.

There were calculated compositions of the known (Ca,Sr)CO; carbonates, which
were compared with their chemical compositions. Also, there were compared cal-
culated and actual chemical compositions which were obtained through equations
from the literature data.

' Pavle Tanéié, "Geoinstitut", Rovinjska 12, 11000 Belgrade,

c-mail: geoins@beotel.yu, Serbia and Montenegro.
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From the results of investigations for sistem ol the orthorhombic carbonates
CaCO; - S1CO,, it was established that there is lincarity of crystallographic pa-
rameters by composition. That linearity is maybe not completely ideal, meaning to
coincide with the line which join the end members, but it is very similar for dyyen
dynee b Vo and Dy On the other hand, for ay, ¢ and D, deviation is more noti-
cable.

It was established that for calculations there are most usclul following crystallo-
graphic parameters: ag, by, ¢ Vi diss dazg dazye doays dagys dygy dissy diyys and dygy,
and best is to use the average values obtained from all of the calculations.

INTRODUCTION

To the orthorhombic carbonate group belongs aragonite
(CaCQ,), strontianite (SrCO;), cerussite (PbCO,) and witherite (BaCOj).
Literature datas (Dana, 1955; Deer et al., 1962; Ili¢c and Karamata, 1978;
Reeder, 1983; Janji¢ and Risti¢, 1989; etc.), indicate that they are very rare
in the nature, and that they are usually with the composition which is near
to the composition of the end members. Solid solutions with bigger percent
of the ionic exchanges are furthermore rare, and especially their interme-
diate members.

As a consequence, foreign authors also investigated synthetic or-
thorhombic carbonates, and their solid solutions, at different temperatures
and pressures.

Holland et al. (1963), Chang (1965 and 1971), Chang and Brice
(1972), Brice and Chang (1973), Speer and Hensley-Dunn (1976) and Bal-
dasari and Speer (1979) investigated dependence of the crystallographic
parameters with composition.

Holland et al. (1963) established that unit cell parameters (ag, by, ¢
and V,) of the solid solution CaCO,- SrCO, increase toward strontianite, but
only a, varies linearly with SrCO; molecul content, while b, and V,, are some-
what below, and ¢, is somewhat above the line which joining the end mem-
bers. As a consequence, they believe that Vegard’s law isn’t exactly obeyed.
Also, at 96 °C it was established gap in the solid solution series of about 30
mol. % (from about 35-40 mol. % to about 65-70 mol. %).
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Chang (1965) investigated solid solution phase relationships in
BaCO; - SrCO;, SrCO; - CaCO; and BaCO, - CaCO; systems at tempera-
tures from 400 to 1000 °C.

In orthorhombic BaCO; - SrCO; system there is a complete series
solid solutions above 400 °C. Orthorhombic carbonates transformed into
rhombohedral at 806 °C at BaCO, and at 912 °C at SrCO;. There were es-
tablished variation diagrams of the unit cell dimensions (ay, by and ¢g) by
composition at 550 °C, which manifested linear dependence.

In the system SrCO,- CaCO, there is two-phase region consisting
of both orthorhombic and rhombohedral solid solutions. Maximum cal-
cium content determined at orthorhombic (Sr,Ca)CO, is about 47 mol. %
at 550 °C.

In the system BaCO,- CaCO, complete solid solution exists above
850 °C. Solubility of CaCO; in BaCO; is 3,5 mol. % at 400 °C and rise to
approximatively 5 mol. % at 700 °C. Solubility of BaCO; in CaCOs; is very
small at temperature below 600 °C.

Chang (1971) investigated subsolidus phase relations in the sys-
tems SrCO,- BaCO,, CaCO;- SrC0O;, CaCO;- BaCO; and CaCO;- SrCO;-
BaCO; in the temperature range between 400 and 750 °C and at pressures
at 10 and 35 kbars. In this paper there were affirmated some of the obser-
vations from the previous work (Chang, 1965).

A complete series of aragonite-type solid solutions exists in the
system SrCO; - BaCQO,, and variation of lattice parameters as a function of
composition shows a linear relationship.

In the system CaCO;- SrCO; there is a two-phase region consist-
ing of both aragonite- and calcite-type solid solutions. With the increasing
pressure, calcite region diminishes, and no calcite-type phase was found in
the system at 25 kbars. The larger Sr ion tends to stabilize aragonite-type
phase to a higher temperature at a constant pressure. The solubility of
CaCQO, in strontianite decreases with increasing temperature. The varia-
tion of lattice parameters (ay, by and c,) as a function of composition shows
a linear relationship. The range of the orthorhombic solid solutions de-
creases with increasing temperature from a complete series below 420 °C
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to a limited series between Sryy and CagsSris at 750 °C, while the solubility
of SrCO, in calcite increase up to nearly 15 mol. % at 750 °C.

Mutual solubilities between the end members of the system
CaCO,- BaCO;, are very limited.

In the ternary system at 550 °C and 10 kbars the solubility of bar-
ium in the Ca-rich part is less than 3 mol. %, while the solubility of CaCO,
in Ba-rich part is limited to 5 mol. %, and StCOjy can take approximately
30 mol. % combined Ca and Ba carbonates. At 550 °C and 15 kbars arago-
nite is the stable form of CaCO,, and there is complete series from BaCO,
through SrCO; to CaCO..

Chang and Brice (1972) investigated binary and ternary phase re-
lations in the systems CaCOj;- SrCO;- PbCO, and CaCO,- BaCO;- PbCO,
in the temperature range 400-750 °C and at 10 and 15 kbars.

Complete series of solid solutions exist in the systems SrCO, -
PbCO; and BaCO; - PbCO,, and linear relationship between unit cell pa-
rameters (a,, by and ¢;) and composition were established.

In the system CaCO;- PbCO; there is a two-phase region of both
aragonite- and calcite-type solid solutions at 10 kbars, whereas at 15 kbars
no calcite-type phase was found. At 550 °C and 15 kbars, there are com-
plete solid solution series CaCO, - PbCO, of aragonite-type. In nature,
lead is commonly found in aragonite, substituting for calcium, although its
ionic radius is approximately 20 % larger than that of calcium. The solubil-
ity of CaCO; in cerussite, on the other hand, increases with decreasing
temperature.

System CaCO;- SrCO;- PbCO; was investigated at 550 °C and 10
kbars. Solid solution of the calcite-type with saturation limits of 38 mol. %
PbCO; and 6 mol. % SrCO, is separated from the solid solution of the ara-
gonite-type by a two-phase region of the solid solutions both calcite- and
aragonite-type. Same system at 550 °C and 15 kbars shows no calcite-type
phase. All samples with more than 10 mol. % SrCO; produced single phase
of the aragonite-type structure. Variation of spacings of reflections (111)
and (221) was calculated as a function of composition. Linear relationships
were observed in both cases, and few lines of equally interplanar spacings
d,, were represented in this three-component diagram.
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In the system CaCO; - BaCO; - PbCO; at 550 °C and 15 kbars
there are two single-phase regions. One of them is aragonite-type, and the
other is a disordered calcite-type solid solution which is stable only in the
central portion of the system. Also, there are two two-phase regions and
one three-phase region.

Chang and Brice (1972) also established that occurences of natu-
ral carbonate of an intermediate composition in the systems SrCO, -
PbCO; and BaCO, - PbCO, has not yet been reported, although their ex-
periments shows that complete series of solid solutions should be at least
to 400 °C. That was explained with that lead prefers S or SO, which rise to
lead sulfide or sulfate, while Ba and Sr form carbonates.

Brice and Chang (1973) confirmed the existence of the complete
solid solutions CaCQOy- SrCO, and SrCO,- BaCO,.

Speer and Hensley-Dunn (1976) investigated natural strontianites
from 12 localities and established that they lie along the CaCO, - SrCO,
_]Oi]l bl‘:t\-\-"cc[] SI.U,W‘SC&U,O.N and Sl’o‘-;ﬂcaq;_“.

Lattice parameters, d;;, and density vary linearly regard to the
composition. There were determined equations for determination of the
SrCO; content (in mol.%) through d,s,, &, bo, Co, Vo, D, and Dy,

Baldasari and Speer (1979) investigated 17 natural witherites
from various localities and established that they have substitution of Sr (up
to 11 mol. %), lesser amounts of Ca (< 1 mol. %) and that they are without
Pb. Most witherites contain less than 4 mol. % Sr and 0,5 mol. % Ca.

Lattice parameters and density vary linearly with composition in
the entire investigated range. There were determined equations for deter-
mination of the SrCO; content (in mol. %) through d», and D.

Dependence of the mean ionic radius regard to the volume for
natural witherites lies above the plane connecting the pure end members

BaCO,;- SrCO;- CaCO,, which suggesting to a small positive excess volume
of mixing.

In our Country there is only a few crystallographic data for ortho-
rhombic carbonates. For aragonite there are represented incomplete datas (by
Vujanovi¢ and Teofilovié, 1978) and complete (Tomi¢, 1999; and Tangié, 2002),
and complete for cerussite (Tomi¢, 1999; and Tancié et al., 2002).
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In this paper we will consider problematic of determination of the
composition of the solid solution between the end members of the ortho-
rhombic carbonates (aragonite, strontianite, cerussite and witherite).

Mathematical calculations through various crystallographic pa-
rameters will be accomplished whereby we will establish the compositions
of the known solid solutions.

Our mathematical calculations will be compared with all the cal-
culations which are known in the literature datas.

At that way we will establish the connection between the composi-
tion of the orthorhombic carbonates and certain crystallographic parameters.

With this established connection between the composition and
certain crystallographic parameters, we will calculate relationships for two,
and later for three (four) component, which would be a fundament for
making a twocomponent and threecomponent (fourcomponent) diagrams.

According to the extentive calculations, in the first part of this in-
vestigations we will perform calculations for the CaCO, - StCO, system,
and later for the other systems.

THEORY AND POSSIBILITIES

The requirement which is necessary for the eventually mathe-
mathical calculation of the composition of the solid solutions through crys-
tallographic parameters is, before all, to establish the type of the depend-
ence between the crystallographic parameters and composition. That is
priorly relate to deducing if that dependence is linear or not. If the de-
pendence is linear, we should establish if it coincide with the line which
join the end members, and what parameters are most suitable.

For this purpose we should by known compositions of the solid
solutions of the orthorhombic carbonates, which are crystallographicaly
defined, to establish the connection between their compositions and crys-
tallographic parameters.

From crystallographic parameters we could use unit cell dimen-
sions and reflections which satisfied following conditions:
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- that they are present in most of the orthorhombic carbonates,

- that they are in good correlation with the chemical composi-
tion,

- that they are with enough high intensity,
that they are not diffuse,

- that they are in the angle range 20 bigger than e.g. 35°, when
comes to the spliting of the a; and o, radiation.

As we can see in the introduction, Holland et al. (1963) estab-
lished for the CaCO, - SrCO; solid solution that a, parameter of the unit
cell is changing linearly, while b, and V, are something below, and ¢, is
something above the line which coincide the end members.

With the investigations which were performed by Chang (1965
and 1971), Chang and Brice (1972), and Brice and Chang (1973), it was
established linear dependence between the unit cell parameters (a,, b, and
¢) and compositions in the systems CaCO,; - SrCO;, CaCO; - PbCO;,
CaCO;- BaCO,, SrCO, - PbCO;, SrCO;- BaCO, and PbCO, - BaCO,. That
linear dependence, depend on the system, occurs at different temperatures
and pressures.

Speer and Hensley-Dunn (1976) established for strontianites of
the solid solutions CaCO; - SrCO; that unit cell dimensions, d,;, and den-
sity vary linearly regard to the composition.

Baldasari and Speer (1979) established for the system BaCO; -
SrCO, - (CaCO,) that unit cell dimensions, d,x and density vary linearly
with composition in the entire investigated range. Dependence of the mean
ionic radius regard to the volume for natural witherites lies above the plane
connecting the pure end members, which suggesting to a small positive ex-
cess volume of mixing.

If the linearity requirement is satisfied, and if that linearity coin-
cide with the line which join the end members, than we can use following

equation for linear exchanging of the crystallographical parameters regard
to the composition:

Cas = X.Ca + xgCs,
where are:
Xa— content of the phase A (in 1/100 mol.%),
165
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xg— content of the phase B (in 1/100 mol.%),

C,— value of the adequate crystallographic parameter of the
phase A,

Cp—- value of the adequate crystallographic parameter of the
phase B, and

C,s— value of the adequate crystallographic parameter of the
solid solution of the phase A and phase B,

nevertheless Cy > C,, 1.e. phase B have bigger 1onic radius than phase A.
Since:
Xg = 1-x,

then,

Cas = XaCa + (1 = x,)C,

Cas = x.Cy + Cg —x,Cy,

Cas = Xa(Ca - Cp) + Cs,

Cas = Cs = xA(CA - Cy),

Xa(Cs — C,) = Cg— Cps,

Xa = (Cg - Ca) / (Ca - C,),

and in order to obtain content x, in mol. %, it should be multiple with 100,
e.g.:

Xa = 100((Cg ~ Cag) / (Cs - C,)).

Quality crystallographical datas (with sign ~ JCPDS) for the end
members of the orthorhombic carbonates, was represented by:

- for aragonite Keller et al. (1989, JCPDS 41-1475),

- for strontianite Swanson and Fuyat (1954, JCPDS 05-0418),

- for cerussite Martin and McCarthy (1993, JCPDS 47-1734), and
- for witherite Kern et al. (1993, JCPDS 45-1471).

As fundament for our investigations and mathematical calcula-

tions we will use this crystallographical datas, which are represented at Ta-
ble 1.
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Table I:

strontfianite, cerussite and witherite,

Crystallographic datas and calculated density for

aragonit

stroncijanit ceruzit v
(JCPDS 41-1475) | (JCPDS 05-0418) | (JCPDS 47-1734) | (JCPD
h k| d 1 d I d 1 d
110" 42120 3 4,3670 14 4,4180 15 4,5629
0 2 0™] 39840 1 4,2070 6 4,2520 5 4,4520
11 19 3,3970 100 3,5350 100 3,5900 100 3,7215
02 1™ 32740 50 3,4500 70 3,5000 37 3,6603
00 2% 28720 6 3,0140 22 3,0730 21 3,2164
y 2 1] 27330 9 2,8590 5 2,9000 2 3,0145
01 2% 27020 60 2,8380 20 2,8910 2 3,0251
10 2@ 2,5960 12 2,6430 1 2,7518
031 2,6948
200" 24810 40 2,5540 23 2,5880 9 2,6571
1129 2,3730 45 24810 34 2,5230 19 2,6290
13 0] 23420 15 2,4580 40 2,4900 23 2,5912
02 2™ 23300 25 2,4511 33 2,4900 3 2,6074
21 1) 2,1900 12 2,2646 5 2,3681
131 2,1680 2
122 21080 20
220" 2,1080 20 2,1831 16 2,2130 5 2,2817
04 o™ 2,1035 7 2,1270 1 2,2260
22 1w 19774 55 2,0526 50 2,0820 21 2,1505
Q3 2 1,9500 l
04 1] 18821 25 1,9860 26 2,0100 6 2,1035
2029 18775 25 1,9489 21 1,9803 7 2,0487
013 1,8616 2
2132 1,8275 4
13 2W] 18149 20 1,9053 35 1,9340 15 2,0179
1 4 1®| 17598 3 1,8514 3 1,9554
1.1 3% 17430 25 1,8253 31 1,8590 15 1,9407
2319 1.729 12 1,8023 4 1,8924
0:2 3B 72sT 16 1,8134 16 1,8461 8 1,9319
2 2 2™ 1,6984 2 1,7685 7 1,7956 3 1,8610
04 29| 16369 3 1,7253 5 1,7498 1 1,8304
123 1,6300 1 1,8162
3109 16198 2 1,6684 3 1,6921 1 1,7376
2 4 0™ 1,6236 4 1,6442 1 1,7064
31 1% 1,5588 4 1,6080 13 1,6312 4 1,6774
05 1™ 15357 2 1,6408 1 1,7165
150" 1,5981 3 1,6172 1 1,6884
2 4 12 14993 4 1,5676 13 1,5883 4 1,6492
213 1,4891 1
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aragomit stroncijanit ceruzit viterit
(JCPDS 41-1475) | (JCPDS 05-0418) | (JCPDS 47-1734) | (JCPDS 45-1471)
321 14764 2 1,5948 <]
15 19 14672 4 1,5447 11 1,5633 3 1,6331 12
00 4™] 14360 1 1,5072 3 1,5366 I 16082 [ 3
2 2 39 | 4167 1 1,4782 6 1,5032 3 1,5626 6
014/ 1413 3 1,5826 <]
31 2% 14107 4 1,4596 4 1,4819 2 1,5287 3
33 o™ 14040 3 1,4551 9 1,4754 4 1,5211 7
0 4 3] ]3804 <l 1,4751 4 1,5443 2
2 4 2™ 13663 2 1,4293 6 1,4496 3 1,5074 3
331 ] 1,3639 2 ]
11 4% 1,3592 5 1,4246 7 1,4515 2 1,5168 5
02 4™ 1,3507 2 1,4455 2 1,5126 2
322 1,3487 3
1.5 2] 13416 2 14120 5 1,4307 | 1,4950 3
143 15329 1
06 0™ 13290 1 1,4024 4 1,4186 1 1,4839 3
251/ 13058 1 =
124 1,303 1
3 3 2™ 12615 5 1,3103 10 1,3296 2 1,3753 12
161 ] 1,2521 1 )
2 0 4% 12427 3 1,2977 4 1,3214 I
341 12427 3
3132 12365 6 1,2840 13 1,3044 4
4 0 0] 12406 4 1,2766 4 1,2951 1 1,3286 4
053 12245 3
13 49 12245 3 1,3071 3 1,3664 10
252 12149 2
06 2% 1,2059 4 1,2885 2 1,3474 14
2 4 3] 12059 4 1,2823 2 1,3352 7
1539 11890 3 1,2693 1 1,3266 8
2249 11864 2 1,2620 <] 1,3145 2
162 1,1711 3
26 0% 11711 3 1,2439 ] 1,2956 6
04 49| 11642 1 1,2459 1 1,3035 1
(342 1,1642 1
015 1,2732 <l
420 1,2385 1 1,2732 <]
350 1,2559 <1
421" 1,1600 2 1,2146 1 1,2489 5
ap® 4,962 5,107 5,178 5,314
by 7,968 8,414 8,515 8,003
cp'® 5,743 6,029 6,146 6,433
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aragonit stroncijanit ceruozit viterit
(JCPDS 41-1475) | (JCPDS 05-0418) | (JCPDS 47-1734) | (JCPDS 45-1471)
Vi 227,11 259,07 270,98 304,42
D 2927 3,785 6,550 4,306
B _ crystallographic parameter which is common for most of the minerals in
Table 1.

As we can see from Table 1, some crystallographical parameters
are present only for one phase of the orthorhombic carbonates. Therefore,
that parameters are not necessary and because of that they will be reject
from the calculations. This are following hkl reflections: 031, 131, 122, 032,
013, 212, 213, 331, 322, 143, 251, 124, 161, 341, 053, 252, 162, 342, 015 and
350. Also we will reject reflections with hkl: 123, 321, 014 and 420, which
are also very rare.

Since it was established that dependence between the crystallo-
graphic parameters and composition is linear, and that for all of the four
end member of this isomorphous series there are initial crystallographic
datas, that will be basis for our mathematical calculations.

RESULTS OF THE MATHEMATICAL CALCULATIONS
AND DISCUSSION

System CaCOQ, - SrCO,

In the literature datas there are some of the solid solutions from
the CaCO;- SrCO; system.

Dietrich (1960) investigated calciostrontianite from Virginia
(USA) with 8,10 % CaO. Since chemical datas are incomplete, it can be
presumed following chemical composition which is represented at Table 2.

Table 2: Presumed chemical composition and crystallochemical formula of
the calciostrontianite by Diefrick (1960) at 3 O basis.

oxides % number of atoms at 3 O basis
Ca0O 8,10 0,200 Ca
SrO 60,101 0,800 Sr
Co, 31,8000 1,000 C
¥ 100,00 3,000 O

(M - this paper
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Mitchell and Pharr (1961) also investigated calciostrontianite
from Virginia, but with 10,60% CaO. Since chemical datas are also incom-
plete, it can be presumed following chemical composition which is repre-
sented at Table 3.

Table 3: Presumed chemical composition and crystallochemical formula of
the calciostrontianite by Mitchell and Pharr (1961) at 3 O basis.
oxides %o number of atoms at 3 O basis'?
CaO 10,60 0,256 Ca L
SrO 56,95 0.743 S
CO, 32,45 1,000 C
z 100,00 3.000 O

M this paper

Vasil’'ev and Chesnokov (1992) investigated solid solution
(Sr,Ca)CO; from Siberia (Russia) with almost equal ratio of the CaCO,
and SrCO;. Chemical composition and calculated crystallochemical for-
mula of this sample is represented at Table 4.

Table 4: Chemical composition and crystallockemical formuala of the sam
ple by Vasil'ev and Chesnokov (1992) at 3 O basis.
Gildia % calculation at | number of at:as at 3 O

100%'" basis'"
Ca0O 19,60 20,04 0,457 Ca
SrO 42,79 43,75 0,539 Sr
PbO 1,10 1,12 0,006 Pb
BaO 0,82 0,84 0.007 Ba
CO, 33,50 34,25 0,995 C
z 97,81 100,00 3,000 O

) this paper

Crystallographic datas which were represented by Dietrich (1960) are
incomplete, because there were represented only d-values and intensities, thus in
this paper this mineral was indiced and there were calculated unit cell dimensions.
Also, some of the d-values which were represented by Mitchell and Pharr (1961)
are not regular, respectively d-values 2,4600 and 2,4300 which belong to the
Miller’s indices 112 and 130, thus here we calculated unit cell dimensions. These
datas are together with the datas by Vasil’ev and Chesnokov (1992), and also with
the calculated values for CaCO,, represented at Table 5.
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ic parg,
Table 5: Cbﬂffﬂllﬂg’ji// a’:m" ;;ﬂe"rﬁ’ (87,Ca)CO, carbonates (i
1960; Mi*e leulated s ,a”’ 961; and Vasil’ev and Che
7992) and ca Aues £, CGCO_, (in mol. %).
e o) (Sr..,mc”"-m}('?’ (?\:::uhc 159930 C, 0,051 (570.800C6,200) 1,000C
(JCPDS 44-142 o —(d\”r'.!_&__l_’_}lgn- 1961) (Dietrich, 19¢
[ hki | g4 [ 1 |CaC —a3—~t—L_] CaCo, d x
11 0™v _J_______—:—I-G%ﬁ_._ﬂ___ 2387 | 4,3400 w
02 ol=w F—Ww—h_‘;‘_‘;v___ 21,08 4,1700 VW
11 1% | 34870 —@-"_—"___—TIEJ_“_“ wvs 18,12 3,5100 ws
8 2%0 ] 3see0]| 60 1 3568 S| 2841 [ 54100 [
002201296801 13 { 323 | 29800 | mw | 35¢ | 29800 o
12 1@ —_—
01 28 2.7890 | 27 36,03 2‘8]___m_ m —_20.59 28150 w
1 0 29[ 55540 16 / £ O e 25800 | ww
20 0% [ 23300 16 34,25 2.5300 mw 32,88 2.5400 B
11 2%% [ 24300 40 38.89 [ 246000 m 19,44 2,4600 m
13 0™*3[ 24060 | 32 44 83 2430000 5- 24,14 2,4300 VS
2 2@
._i_l 1% [ 23340 4 41,02 2,2500 vw 19.57 2,2500 vw
220021510 13 | 42.74 21600 | mw 30,76 2,1650 m
04 0=Y 20700 | ww / 20750 | ww
221" 20000] 50 | 42.02 2.0400 s 16,76 2,0400 s
041" 19390] 15 | 4524 1.9600 mw 25,02 19600 m
[2 0 2] 19220 | 19 37,68 1,9300 mw 2647 1,9350 mw
L3200 18670 ] 27 | 4237 1.8800 m 27,99 1,8850 m
1 4 1'%
113*%]17030][ 5 3925 1,8100 mw 18,59 1,8100 m
231
023017780 19 | 4036 1,7900 w 26,68 1,8000 | mw
2 220 100 3 40.66 1,7500 vw 26,39 17500 | ww
04211430 3 44 46 1,7000 ww 28,62 1,7050 www
310 16500 2 37.86 1,6500 V- 37,86 1,6600 vw
2 4 0@
31115880 8 | 4063 16000 | mw 16,26 16000 | mw
051
15 0@
241" 15370] 6 44,80 1,5500 mw 25,77 1,5500 mw
15 1% 15000 ¢ 46,06 1,5300 w 18,97 1,5300 vw
00 40 1,4900 VW 24,16 1,4900 VW
223 [14550] 3 [ 3772
312" |14400] 3 40,08
33 o 1,4400 vw 29,55
04 3@ 1,4400 vw
2 4 zl'-l 1,41(!) Vv 30,63
114% [14000] 5 40,00 1,4100 www
[ 02 4@
15 2®
[ 06 0@ 1.3Qq__ Vvw 30,52




-
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(5r4,530C4, 520) COy (5100 0C8034)5,50mCro0 00" | (570300C85,309) 1,000C 1,000,
(JCPDS 44-1421) (Mitchell & Pharr, 1961) (Dictrich, 1960)
332=[12900] § 41,60 1,3000 mw 21,11 1,3000 v 21,11
2 0 4" | 12760 3 3945
31 3w~ 1,2700 mw 29,47
40 0% | 1,2630 | 10 37,78 =il
13 4w 1.2700 mw /
06 2(-!
2 4 3!.‘)
15 3=
2 2 4™
2 ‘ 0{!]
0 4 4@
422 It-l
Pty 5,054 36.55 5.069(4)1M 26,21 5,080(3)tM 18,62
[ e 8,209 45,96 8.285(1)W 28,92 8.312(6)" 22,87
(Flrald 5,916 39,51 5,967(4)V 21,68 5.969(3)" 20,98
\ P 24544 42,65 250,6(2)\V 26,50 252,0(2)" 22,12
Di“'" 3,352 50,47 3,5901" 22,73 3.6501" 15,73
av.val.1() 4239 25,04 22,13
av.val 11 () 41,17 25,83 21,15

®) - crystallographic parameter which is common for most of the minerals in Table 5.
() this paper

@) . used parameters for average value (I)

@ - used parameters for average value (II)

From Table 5 it can be seen that values obtained through a, by, ¢o, Vi,
dyxo, Aoy A1y dosts Gay Ay, doms, dayy, @and dys;, mainly satisfied conditions which
were mentioned in the previous chapter, i.e. which are necessary to support the
calculations. Also, it can be seen that obtained average values (I and II) for
CaCO, are considerable close to the compositions which were obtained through
chemical analysis, regard that calciostrontianites by Dietrich (1960) and Mitchell
and Pharr (1961) are done long time ago with the less precise instruments, while
(Ca,Sr)-carbonate by Vasil’ev and Chesnokov (1992) don’t have sign of the
high-quality JCPDS sample ().

Speer and Hensley-Dunn (1976) represented following equations
for determination of the strontianite composition:
SrCO; (mol. %) = (-2116,24 + 1162,84 * d,5,) + 0,95;
SrCO; (mol. %) = (-3886,02 + 702,03 * a,) + 2,37;
Here we must emphasize that we noticed that in this equation (p.

1003) is probably errata, because we obtained impossible values, and thus,
by our opinion, this equation should actually be:
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SrCO; (mol. %) = (-3486,02 + 702,03 * a,) + 2,37,

SrCO; (mol. %) = (-1746,35 + 219,41 * b,) + 1,00;
SrCO; (mol. %) = (-2156,62 + 373,83 * ¢,) + 2,26;
SrCO, (mol. %) = (-734,63 + 3,219 * V,) £ 0,79;
SrCO; (mol. %) = (-367,47 + 123,18 * D,,,) £ 0,29; and
SrCO, (mol. %) = (-381,35 + 127,33 * D,,,) + 0,45.
These equations will be used in order to establish the SrCO, con-
tent, respectively CaCO, (100 - SrCO,) of the (Ca,Sr) carbonates which

were investigated at Table 5. These results are, together with our calcu-
lated CaCOj (in mol.%) and average values, represented at Table 6.

Table 6: Calculated SrCO, and CaCO, contents with eguations by Speer
and Hensley-Dunn (1976), fogether with ours calculated CaCO,
and average values (in mol. %).

(8 510C 0, 5,) CO, (5r5,7.05C85356) 0,395C 1,090 0]" ! (Sromcnu,zw) l,mcl.mo:lm
(JCPDS 44-1421) (Mitchell & Pharr, 1961) (Dietrich, 1960)
$rCO," | CaC0,"|CaC0,'"|SrC0O," |CaCO," | CaC0," | SrC0O," |CaCO,"¥ | CaCO,"

| dyy 54,78 45,22 4237 69,90 30,10 27,99 75,71 24,29 22,46
n, 62,04 37,96 36,55 72,57 27,43 26,21 80,29 19,71 18,62
b, 54,79 45,21 45,96 71,46 28,54 28,92 7739 22,61 22,87
Cy 54,96 45,04 39,51 74,02 25,98 21,68 74,77 25,23 20,98
V, 55,44 44,56 42,65 72,05 27,95 26,50 76,56 23,44 22,12

i 45,43 54,57 50,47 74,75 25,25 22,73 82,14 17,86 15,73

54,57 45,43 42,92 72,46 27,54 25,67 717,81 22,19 20,46

value

() - this paper
) - equations (Speer and Hensley-Dunn, 1976)

From Table 6 it can be seen that with our calculations there were
obtained better average values for carbonates with composition
(S10243Ca0.256)0999C 100003 and  (Sr00Ca200)1,00C100003, and poorer for
(Sl'n,smcao,m)cos-

Speer and Hensley-Dunn (1976) investigated 12 calciostrontianites from
different localities. Values of the SrCO, contents which were calculated through
their equations are, together with calculated CaCO, (100 — SrCO,) and calculated
CaCO; (in mol.%) through our equation, represented at Tables 7-14.

173



Tandié P.

Table 7: Caleulated SrC0O, and CaC0, contents (in mol. %) with eguation
Jor d;,rmeasured (Speer and Hensley-Dunn 1976 ), together with
ours caleulated CaCO), (in mol.%).

Sr Ca Pb Ba Qe | STCOY | CaCO,Y TCaco.™®
09685 | 0.0287 | 0.0005 [ 00028 | 1.9017 9513 | 487 | 398
0.9094 | 00873 | 00006 | 00030 | 1.5984 91,30 8.70 7.63
08895 | 0.1081 | 00001 | 00025 / / / i
08834 | 0.1134 | 00006 [ 00028 | 1.8954 87,81 12,19 10,95
0.8420 | 0.1544 | 00003 | 0.0036 / / / /
08378 | 01598 | 00003 [ 00027 | 1.8922 84,09 15,91 14,49
08178 | 01791 | 00001 [ 00032 | 1.8905 82,11 17,89 16,37
08153 | 0.1817 | 00004 [ 00028 | 1.8891 80,48 19.52 17.92
07926 | 0,2040 [ 00002 [ 00034 | 1.8879 79.09 20,91 19,25
0.7681 | 02286 [ 00002 | 00033 | 1.8850 75,71 24,29 22,46
07586 | 02385 | 00004 | 0,0027 / / /
07531 | 0,2438 | 0,0003 [ 00029 | 1.8830 73,30 26,61 24,67

W'~ this paper

@) . equation (Speer and Hensley-Dunn, 1976)

Table &8: Calculated SrCO, and CaCO, contents (in mol. %) with equation
Jor d,, rcalculated (Speer and Hensley-Dunn 1976), together with
ours calculaled CaCO, (in mol, %).

Sr Ca Pb Ba diyeue | SrCOY | €aCO,” [CaCc0,™
0.9685 | 0,0287 | 00005 | 00028 | 1,9022 95,71 4,29 3,43
09094 | 0,0873 0,0006 0,0030 1,8985 91,41 8,59 7,52
0,8895 | 0,1081 0,0001 0,0025 1,8954 87,81 12,19 10,95
0.8834 | 0,1134 0,0006 0,0028 1,8957 88,16 11,84 10,62
0.8420 | 0,1544 0,0003 0,0036 1,8922 84,09 15,91 14,49
08378 | 0,1598 | 00003 | 00027 | 18916 83,39 16,61 15,15
0,8178 | 0,1791 0,0001 0,0032 1,8906 82,22 17,78 16,26
08153 | 0,1817 0,0004 0,0028 1,8897 81,18 18,82 17,26
0,7926 | 0,2040 | 0,0002 0,0034 1,8881 79,32 20,68 19,03
0,7586 | 0,2385 0,0004 0,0027 1,8861 76,99 23,01 21,24
0,7681 | 0,2286 | 0,0002 0,0033 1,8853 76,06 23,94 22,12
0,7531 | 0,2438 0,0003 | 0,0029 1,8839 74,43 25.57 23,67

! - this paper

@ - equation (Speer and Hensley-Dunn, 1976)
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Table 9: Calculated SrCO, and CalCO, contents (in mol.%) with equalion
Jor a, (Speer and Hensley-Dunn 1976), together with ours calcu-
lated CalCO, (in mol. %).

Sr Ca Pb Ba a, SrC0,“ | caCo0," | caCco,"
0,9685] 0,0287 0,0005 0,0028 5,1028 96,30 3,70 2,90
0,9094 | 0,0873 0,0006 0,0030 5,0984 93,21 6,79 5,93
0,8895 | 0,1081 0,0001 0,0025 5,0944 90,40 9,60 8,69
08834 | 0,1134 0,0006 0,0028 5,0936 §9,84 10,16 9,24
0,8420 | 0,1544 0,0003 0,0036 5,0888 86,47 13,53 12,55
0,8378 | 0,1398 0,0003 0,0027 5,0881 85,98 14,02 13,03
08178 | 0,1791 0,0001 0,0032 5,0854 84,08 15,92 14,90
0,8153 | 0,1817 0,0004 0,0028 5,0841 83,17 16,83 15,79
0,7926 | 00,2040 0,0002 0,0034 5,0834 82,68 17,32 16,28
0,7681 | 0,2286 0,0002 0,0033 5,0763 77,69 22,31 2139
0,7586 | 0,2385 0,0004 0,0027 50789 79,52 20,48 19,38
0,7531 | 0,2438 0,0003 0,0029 50746 76,50 23,50 22,34

- this paper

) - equation (Speer and Hensley-Dunn, 1976)

Table 10:  Caleulated SrCO, and CaCO, contents (in mol.%) with equation
Jor b, (Speer and Hensley-Dunn I976), together with ours calcu-
lated CaC0, (in mol. %).

Sr Ca Pb Ba b, | SrCO,® | CaCO,® | CaCO,™
0,9685 0,0287 0,0005 0,0028 8,3992 96,52 3,48 3,32
0,9094 0.0873 0,0006 0,0030 8,3759 91,41 8.59 8,54
0,8895 0,1081 0,0001 0,0025 8,3602 87,96 12,04 12,06
0,8834 | 0,1134 | 00006 | 0,0028 | 83619 88,33 11,67 11,68
0,8420 0,1544 0,0003 0,0036 8,3440 84,41 15,59 15,70
08378 | 0,1598 | 00003 | 0,0027 | 83389 83,29 16,71 16,84
0,8178 0,1791 0,0001 0,0032 8,3361 82,67 17,33 17,47
0,8153 | 01817 | 00004 | 0,0028 | 83317 81,71 18,29 18,45
0,7926 0,2040 0,0002 0,0034 83211 79,38 20,62 20,83
0,7681 0,2286 0,0002 0,0033 8,3059 76,05 23,95 24,24
0,7586 0,2385 0,0004 0,0027 8,3154 78,13 21,87 22,11
0,7531 0,2438 0,0003 0,0029 8,3005 74,86 25,14 25,45

M - this paper

“) - equation (Speer and Hensley-Dunn, 1976)
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Table 11: Calculated SrCO, and CaC0O, contents (in mol. %) with equation
Jor ¢, (Speer and Hensley-Dunn 1976), together with ours caleu-
lated CaCO, (in mol. %).

Sr Ca Pb Ba ¢ [ SCO," [ CaCO,® [ CaCO®
0.9685 [ 00287 | 00005 [ 00028 [ 60197 93,72 6.28 325 il
0,9094 [ 00873 | 0,0006 | 00030 | 60115 90,66 9,34 6,12
0,8895 0,1081 0,0001 0,0025 6,0012 86,81 13,19 972
0,8834 0,1134 0,0006 0,0028 6,0027 87.37 12,63 9,20
08420 | 01544 | 00003 | 0.0036 | 39917 83,26 16,74 13,04
0,8378 0,1598 0,0003 0,0027 35,9920 83,37 16,63 12,94
08178 0,1791 0,0001 0.0032 3.9869 51.46 18.54 14,72
0.8153 0,1817 0.0004 0.0028 5.9847 80,64 19,36 15,49
0,7926 0,2040 0,0002 0,0034 5,9806 79,11 20,89 16,92
0,7681 0,2286 0,0002 0,0033 5,9743 76,75 23,25 19,13
0,7586 0,2385 0,0004 0,0027 59716 75,74 24,26 20,07
0,7531 0,2438 0,0003 0,0029 5,9687 74,66 25,34 21,08

() this paper

) - equation (Speer and Hensley-Dunn, 1976)

Table 12:  Caleulated SrCO; and CaCO, contents (in mol.%) with equation
Jor ¥, (Speer and Hensley-Dunn 1976), together with ours calcu-
lated CaCO, (in mol. %).

Sr Ca Pb Ba V, | SrCO,® | CaCO,” | CaCO,®
0,9685 0,0287 0,0005 0,0028 258,00 95,87 4,13 3,35
0,9094 0,0873 | 0,0006 0,0030 256,71 91,72 8,28 7,38
0,8895 0,1081 0,0001 0,0025 255,59 88,11 11,89 10,89
0,8834 | 0,1134 [ 0,0006 | 0,0028 | 255,66 88,34 11,66 10,67
0,8420 | 0,1544 | 0,0003 | 0,0036 | 254,42 84,35 15,65 14,55
0,8378 0,1598 | 0,0003 0,0027 254,24 83,77 16,23 15,11
0,8178 | 0,1791 0,0001 0,0032 253,80 82,35 17,65 16,49
08153 | 0,1817 | 0,0004 | 0,0028 | 253,51 81,42 18,58 17,40
0,7926 | 02040 | 00002 | 00034 | 252,97 | 79,68 20,32 19,09
0,7681 | 0,2286 | 0,0002 0,0033 | 251,90 76,24 23,76 22,43
0,7586 | 02385 | 0,0004 [ 00027 [ 25220 77,20 22,80 21,50
0,7531 0,2438 0,0003 0,0029 251,41 74,66 25,34 23,97

() - this paper
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Table 13:  Calculated SrCO,; and CaCQ0, contents (in mol.%) with equation
Jor D, (Speer and Hensley-Dunn 1976), together with ours calcu-
lated CaCO, (in mol. %).

Sr Ca Pb Ba D_ SrCO,“ | CaCO0," | CaCO,"
0,9685 0,0287 0,0005 0,0028 ST 96,92 3,08 1,75
0,9094 0,0873 0,0006 0,0030 3,73 91,99 8,01 6,41
0,8895 0,1081 0,0001 0,0025 3,71 89,53 10,47 8,74
0,8834 0,1134 0,0006 0,0028 / . / /
0,8420 0,1544 0,0003 0,0036 / / / /
0,8378 0,1598 0,0003 0,0027 3,64 80,90 19,10 16,90
0,8178 0,1791 0,0001 0,0032 3,66 83,37 16,63 14,57
0,8153 0,1817 0,0004 0,0028 3,63 79,67 20,33 18,06
0,7926 0,2040 0,0002 0,0034 3,59 74,75 25,25 22,73
0,7681 0,2286 0,0002 0,0033 / / / /
0,7586 0,2385 0,0004 0,0027 / / /
0,7531 0,2438 0,0003 0,0029 3,59 74,75 25,25 22,73

- this paper
- equation (Speer and Hensley-Dunn, 1976)
Table 14:  Calculated SrCO; and CaCO, contents (in mol.%) with equation
Sor D, (Speer and Hensley-Dunn 1976), fogether with ours calcu-
lated Cal0O, (in mol. %).

Sr Ca Pb Ba D, S$rC0,“ | CaCO,"* [ CaCO,”
0,9685 0,0287 0,0005 0,0028 3,771 97,04 2,96 1,63
0,9094 0,0873 0,0006 0,0030 3,718 90,51 9,49 7,81
0,8895 0,1081 0,0001 0,0025 3,706 89,04 10,96 9,21
0,8834 0,1134 0,0006 0,0028 3,700 88,30 11,70 9,91
0,8420 0,1544 0,0003 0,0036 3,668 84,35 15,65 13,64
0,8378 0,1598 0,0003 0,0027 3,663 83,74 16,26 14,22
0,8178 0,1791 0,0001 0,0032 3,645 81,52 18,48 16,32
0,8153 0,1817 0,0004 0,0028 3,646 81,64 18,36 16,20
0,7926 0,2040 0,0002 0,0034 3,626 79,18 20,82 18,53
0,7681 0,2286 0,0002 0,0033 3,610 77,21 22,79 20,40
0,7586 0,2385 0,0004 0,0027 3,594 75,24 24,76 22,26
0,7531 0,2438 0,0003 0,0029 3,598 75,713 24,27 21,79

() _ this paper

@) . equation (Speer and Hensley-Dunn, 1976)
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From Tables 7-14 it can be seen that obtained CaCO, contents
from our equation, regard to the results obtained through equations by
Speer and Hensley-Dunn (1976), for djuyes i bo, Vo and D, are
mostly in correlation, i.e. some of our values are something better, and
some are something poorer. Values for CaCO; obtained through a,, ¢, and
D,, are smaller.

From the results of all of these investigations for CaCO, - SrCO,
system of the orthorhombic carbonates, it can be deduce that there is pre-
sent linearity of the crystallographic parameters regard to the composi-
tion. That linearity maybe isn’t completely ideal, meaning to coincide with
the line which join the end members, but it is very similar for d, 4,00 iz
be, Vo and D,,. On the other hand, most probably that for a,, ¢, and D, de-
viation is more noticable.

CONCLUSION

There were investigated possibilities of determination of the solid
solutions compositions of the orthorhombic carbonates (aragonite, stron-
tianite, cerussite and witherite) with crystallographic parameters.

At basis of the literature datas it was supposed that crystallo-
graphic parameters vary linearly with composition, and that dependence is
along the line which join the end members. According to that, it can be
applied following equation:

Xa = 100((Cp - Cag) / (Cs - C,))-

By this equation it was investigated CaCO,-SrCO; system, and as
basis for that investigations and mathematical calculations, there were
taken crystallographic parameters which are represented at Table 1.

Presumed chemical compositions by Dietrich (1960) and Mitchell
and Pharr (1961), chemical composition by Vasil’ev and Chesnokov (1992),
and calculated crystallochemical formulas of these samples, are repre-
sented at Tables 2-4.

Crystallographic datas which were represented by Dietrich (1960)
are incomplete, because there were represented only d-values and intensi-
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ties, thus this mineral was indiced and there were calculated unit cell di-
mensions. Also, some of the d-values which were represented by Mitchell
and Pharr (1961) are not regular, respectively d-values 2,4600 and 2,4300
which belong to the Miller’s indices 112 and 130, thus here we calculated
unit cell dimensions.

These datas are, together with the datas by Vasil’ev and Chesno-
kov (1992), and also with calculated values for CaCOs;, represented at Ta-
ble 5.

From Table § it can be seen that values obtained through the a,,
bg, o Voo dixs daoy dazyy doars daas dizas dazgy dayy, @and dysy, mainly satisfied
theoretical conditions, i.e. which were required in order to service the cal-
culations. Also, it can be seen that obtained average values (I and II) for
CaCO, are considerable close to the compositions which were obtained
through chemical analysis, regard that calciostrontianites by Dietrich
(1960) and Mitchell and Pharr (1961) are done long time ago with the less
precise instruments, while (Ca,Sr)-carbonate by Vasil’ev and Chesnokov,
(1992) don’t have sign of the high-quality JCPDS sample (°).

Speer and Hensley-Dunn (1976) represented several equations
for determination of the strontianite composition, and that equations were
used for determination of the SrCO; content, respectively CaCO, (100 -
SrCO,) of the carbonates which were investigated at Table 5. These results
are, together with calculated CaCO; (in mol. %) with our equation and
average values, represented at Table 6.

From Table 6 it can be seen that with our calculations there were
obtained better average values for carbonates with composition

(Sro743Ca0.56)0999C100003  and  (Sto,500C2200)1,00C10003 and poorer for
(Sro530Cag,470) COs.

Speer and Hensley-Dunn (1976) investigated 12 calciostron-
tianites from different localities. Values of the SrCO, contents which were
calculated through their equations are, together with calculated CaCO,

(100 - SrCO;) and calculated CaCO; (in mol.%) through our equation,
represented at Tables 7-14.

From Tables 7-14 it can be seen that obtained CaCO, contents
from our equation, regard to the results obtained through equations by
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Speer and Hensley-Dunn (1976), for diuuess dincae by Vo and Dy, are
mostly in correlation, i.e. some of our values are something better, and
some are something poorer. Values for CaCOj, obtained through a,, ¢, and
D,, are smaller.

From the results of all of these investigations for CaCO,- SrCO,
system of the orthorhombic carbonates, it can be deduce that there is pre-
sent linearity of the crystallographic parameters regard to the composi-
tion. That linearity maybe isn’t completely ideal, meaning to coincide with
the line which join the end members, but it is very similar for d,yca, di32cascs
by, Vo and D,,. On the other hand, most probably that for a,, ¢, and D, de-
viation is more noticable.

Because of that, we suppose that our equation could be used for
determination of the compositions from crystallographic parameters, with
probably something bigger error than it is at equations by Speer and
Hensley-Dunn (1976), and especially because it is simple and it can be
used for other systems.

It seems that for calculations there are most useful the following
crystallographic parameters: ay, by, o, Vo, di0, Ao, Aoy, doas, daga, diza, dana,
d.4;, and d,s;, and best is to use average values obtained from all of the cal-
culations.
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