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TEPMOAHHAMHKA OPTOnHPOKCEHCKHX  
HBPCTHX PACTBOPA

ofl

JlaHHJia B a6HHa*

Y  p a f ( y  c y  n p e flC T aB Jb eH H  p e 3 y jiT a T H  TepM O R H H aM H K e o p T o n n p o K ce H C K H X  h b p c t h x  p a c T B o p a  H a  n p H M e -  

p H M a H e K n x  npH pop;H H X  o p T o n n p o K c e H a .  ITpHM eHO M  KH HeTH Ke jejxHOCTaBHHX h j i h  p e ry j ia p H H X  qB p cT H X  p a c T B O - 

p a ,  M o r y h e  j e  h o 6 h t h  c})yH KqH je 3 a  H 3M eH y y  Mj h  M 2 n o jio iK a jH M a , K a o  H o j i r o B a p a j y h e  B pejtH O C TH  3a H3MeHy.

K j b y i a e  pe< iH : o p T o n n p o K c e H H , TepM O H H H aM H K a, e H e p r n j e  Mj, M 2 n o J io > K a ja , <!BpcTH p a c T B o p n .

YB0 3

OpTonnpoKceHH npeflCTaBJi>ajy BeoMa 3Haqajne MHHepajiHe BpcTe, K o jn  ce jaBJi>ajy 
y M H orH M  BpcTaMa CTeHa. Bnine o/j 95% opTonHpoKceiia npe/icrraBJL.ajy 'mpcTC pacTBO- 
pe H3Mel?y KpajH>HX HJiaHOBa eHCTaTHTa (Mg2Si20 6) h cJ)epocHJiHTa (Fe2Si20 6). Fe2+ h 
Mg2+ cy y C T pyK T ypH  jmcxpnf)yHpaHH nsMei^v jiBa HeeKBHBaJieHTHa noJioacaja M2 h M2.

Fe2+ h Mg2+ Mory ce o/ipejmTH y nojioacajHMa Mj h M2 npHMeHOM peHTreHCKHX Me- 
TO/̂ a, hjih npHMeHOM M čssb au e r-0B0r  cneKTpocKoncKor MeTO/̂ a (Evans et a l., 1967; 
Takeda and R id ley , 1972; htji.). Obh nojjaHH Mory 6h th  HCKopnuiheHH 3a o/ipe- 
^HBame TepMO//HHaMHHKHX oco6nHa opTonHpoKceHCKHX rm pcT H X  pacTBopa (Virgo and 
H afner, 1969; Saxena and Ghose 1971; hta.).

TEOPHJA HHTEPKPHCTAJIHE H3MEHE 3A 
OPTOnHPOKCEHCKE HBPCTE PACTBOPE

KpHCTajiHH hbpcth p a c T B o p  (A, B) M M o x ce  HMaTH /iBa KaTHjoHa A h B pacnope- 
ijena y HeeKBHBaJieHTHHM CTpyKTypHHM nosimnjaMa a  h p y CTpyKTypn. M je HHepTaH 
CHJiHî HjcKH aHjoj. Y CHJiHKaTHMa Kojn cy HBpcra pacTBopH, n p o i ie c H  y p e f)e H > a  -  H e y p e -  

Ijema cy BeoMa 3HanajHH. Cjie^ehn D ien es-a  (1955), M u e lle -a  (1960,1962,1969) npo- 
n;ecH Heype^eH>a ce Mory npHKa33TH ca peaKii;HjoM H3MeHe

PynapcKo-reojiouiKH cj)aKyjiTeT, H h c th t t t  3a MKnr, T>ymHHa 7,11000 Beorpan.
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A-oc+B-p A - P + B - a  (1).
BpeMeHCKa 3aBHCHOCT H3MeHe A  y oojio>Kajy p npeM a KnneTHMKoj T eo p iijh  /u i'ra  je  ca

—dXA_p/dt=Kp_aw p_aXA_pXB„a—Ka_p (x>a-pXB_pXA_a (2).

Y H 3pa3y (2) X je mojickh ca/ip>Kaj, Ka_p h K(s a cy  KOHCTaHTe Koje 3aBHce ojr (p,T); 
d>a_pH d)p_a cy KoetJonmijeH'ni aKTHBHOCTH y xeMHjcKOM CHCTeMy h 3aBHce KaKO o;j cacTa- 
Ba TaKO h ofl (p,T).

y  paBHOTeacn dXA_p/dt=0, h 3a KOHCTaHTy paBHOTeace peaKHiije (1) hmbmo

K-=Kp_a/Ka_p=(XA_pfA„pXB_afB_a)/(XB_afB_pXA_afA_a) (3).

y  jeflHaHHHH (3) H3pa3 X A_pX B_a/XB_pX A_p=KD npe/jcTaiuLa Koe({)iinHjeiiaT pac- 
no/jejie, (f) je iiapniijajiHH KoecjjHnnjeHaT aKTHBHOcth, Te ce je/iHa'iHiia (3) Moace narin- 
caTH y  o 6 jih k y

K=KD(fA_pfB_a)/(fB„pfA_a) (4).

KoHCTaHTa paniiOTOKe je reHepajiHO rjiviiKHHja (p, T). Ho, aKO je npoMeHa 3anpe- 
MHHe y H3MeHH BeoMa Majia, M oryhe  je 3aHeMapHTH 3aBHCHOCT (K) o/( (p) h (K) 3aBHCH 
caMO o/i (T).

3a  p e a K n n jy  (1) npoM eH a I ’nGcoBe c jio fio /n ie  e H e p rn je  H3MeHe mo>kc ce  /iarni ca  

AG° = -R T  lnK (5);
R  -  je  yHHBep3anHa racHa KOHtrraHTa, T  -  TeMnepaTypa.

E[pHMeH.yjyhH na p eaK i/n jv  (1) KHHeTHKy je//HocrraBHHX h jih  pery jiapH H x h b p c th x  
paCTBOpa, HM3MO

ln K = lnKD-W a(l-2 X A_a)/RT+Wp(l-2 X A_p)/RT (6).
H 3 p a 3  (6 ) je  H e o 6 n LiHo 3HanajaH,H Moace ce  k o p h c th t h  ko // o pT o irapoK ceira  Kao 

HBpCTHX paCTBOpa.
K o ^  opToiiHpoKcena, H3pa3 (1 ) Mo»ce ce HarmcaTH Kao

F e 2+M 2 + M g 2+M j ^  F e2+M ! + M g 2+M 2 (7).
KoHCTaHTa paBiioTOKc 3a peaKu;Hjy (7) h3hoch

K (7) : =  ( X FeM  j ^ F e M j ^ M g M 2 ^ M g M 2 ) / ( X FeM  2 f  F eM , - ^ M g M , f  M g M , ) (8);

h  yrjiaBHOM je  3aBHCHa o /i T eM neparry p e . n p o M eH a  rn 6 co i5 c  c jio 6 o /m e  e n e p rn je  3a peaK - 
^H jy (7 ) je

AG° = -  RT In K{7) (9).

3 a  opTonHpoKceHCKe HBpcTe pacTBope H3pa3 (6) Mo^ce ce HanncaTH y o6jiHKy 

■ lnK(7)=lnK D+W Mi( l - 2 X FeMi)/R T -W M2( l - 2 X FeM2)/R T  (10);

r / je  je  K d  =  X  FeMi ( 1 - X  FeM i ) /  X FeM2 (1 _  XFeMi ); 3 X  FeMi H X  FeM2 -  ca^pacajH  Fe y  h o s h -
iriijaMa Mj h M2.
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y  T a S e jiH  1 jjaT H  c y  J iH T ep aT y p H H  n o j / a n n  o  c a j jp a c a jH M a  Fe h  Mg k o jj  HeKHX opTO- 
iiH poK ceiia y  n o s n n n j a M a  M, h  M2.

Tačejia 1. CaHpacajH Fe n Mg koji hckhx opronHpoKceHa.
Table 1. The values of Fe and Mg in Mj and M2 sites.

MHHepaJi (Mineral) FeMx FeM2 MgM^ MgM2 JlHTepaTypa (References)
B pO H 3H T

(Bronzite)
0,07 0,29 0,86 0,64 Takeda (1972)

B pO H 3H T

(Bronzite) 0,07 0,50 0,91 0,44 Takeda & Ridley (1972)

B pO H 3H T

(Bronzite) 0,064 0,39 0,81 0.52 Takeda & Ridley (1972)

Al—6pO H 3H T  

(Al—Bronzite) 0,036 0,359 0,764 0,10 Kasoi et al. (1975)

XHnepcTeH
(Hyperstene)

0,157 0,90 0,85 0,10 Ghose (1965)

XHnepcTeH
(Hyperstene) 0,069 0,811 0,931 0,159 Kasoi (1974)

BpepfHocTH jta 're  y Ta6ejiH  1 KopHraheHe cy 3a H3panyHaBaH>e K(7), WM,, WM2 yno- 
Tpe6oM n p o r p a M a  REGSOLl (Guggenheim , 1967). O B aj nporpaM , ko jh  npeflcraBJba 
H ejiH H eapH H  mctoji HajMaH>HX K isajipa ia  BHiuecTpyKHM HTepaTHBHHM nocTynn;HMa H3pa- 
nyHaBa BpejjnocTH K(7), WMj h  WM2. y  Ta6ejiH 2 jjaTe cy H3p a TiynaTe BpejpocTH K(?), 
WMj, WM2Kao h  AG° y HHTepBajiy TeM neparypa oj* 500-1000°C (773-1273 K).

Ta6ejia 2. H3pa>iynaTe BpeanocTH K(7), WM,, WM2 h  AG°
Table 2. The values of equilibrium constant K(7), W M ,, WM2 and AG°=-RTlnK7

T°K K(7) WMj (J/mol) WM2 (J/mol) AG° (J/mol)
773 0,279 12101,42 8029,09 8203,60
873 0,277 9999,76 6601,32 9342,87
973 0,273 8016,54 5083,56 10497,65

1073 0,289 6865,94 4422,48 11070,86
1173 0,298 5598,19 3489,45 11790,51
1273 0,311 4610,76 2803,28 12338,61

Ha cji. 1 jjaTa je rpacfnmKa 33bhchoct BeJiHHHHa K(7), WMlt WM2 h AG° ojj TeMne- 
paType. Mctojjom H ajM aitH X  K B a jip a T a  H3p a TiynaTa j e  3aBHCHOCT B eJiH H H iia c a  T e M n e p a -  

TypoM cjie jjeh e r o 6jiHKa
WM  ̂ = 14748,60(103/T) -  6973,06
WM2 = 10284,27(103/T) -  5276,02 (11)
AG° = 18749,09 -  8150,43(103/T)
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K J/m ol K

TeMnepaTypa (Temperature) C

WMj (KJ/mol) 
AG(KJ/mol)

WM2 (KJ/mol) 
K

Cji. 1. 3aBHCHOCT K(7), WM], WM2 h  AG° or T  
Fig. 1. W M ,, WM2 and AG° plotted against T

TEPMOftHHAMHHKE nAPHHJAJIHE OYHKHHJE ME1UAH.A 
3A  Mx, M2 1H). I()>KA.II KAO nPOCTA MEIUABHHA

I l a p n n ja j in e  TepMOHHiiaMH'iKe cjjyHKB(Hje Memaaa y Mj h  M2 nojio»:ajiiMa, Mory 
6 h t h  H 3 p aTiy H arr e  Ha 0CH0By p e j i a n n ja  ( S a x e n a ,  1973)

g p(m 1) = x FcMx M8Miw m 1

Gp(M2) = XFeM XMgMjWM2
(12)

K a K o  c y  BpeflHOCTH 3 a  WM: h  WM2 j t a rr e  c a  (11), je jn ia H H iie  (12) c e  M o ry  H an n caT H
K ao

GP (M ,) = (XFeMi XMgMi) x 14748,60(103 /T) -6973,06

GP(M2) = (XFeM̂ XMgM ) X 10284,27(103 / T) -  5276,02
(13)

B p e jin o c T H  3 a  X rm, ........ XwgM. flaT e  c y  y  T aG ejin  1, Te c e  Ha 0CH0By (13) Mory H 3pa-

H ynaTH  B pejjH ocTH  Gp(Mj) h  Gp(M2). H 3 p a iiy n a 'r e  B pejjiiocT H  jja 're  c y  y  T aS e jiaM a  3 h  4.
P e3 y jiT aT H  j(aTH y  T a 6 e jia M a  3 h  4 n o K a 3 y jy  j ja  cy eHeprnje y jia c K a  Fe2+ m h o to  B eh e  

y n o J io a c a jH M a  M2 y C T pyK T ypaM a o p 'ro i iH p o K c e iia  y  nopel)eH > y c a  Mj nojio>KajHM a. Ha
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TaSeiia 3. H3paqyHaTe BpeflHOCTH napt(HjajiHHX (J)yHKijHja MeniaH>a y KJ/mol Ha 0CH0By nonaTaKa H3 Ta6eJie 1. 
Table 3. The calculated values of partial function of mixing Gp(Mj), GP(M2) in KJ/mol, based on the data 

in table 1.

Miiiiepaji
(Mineral)

E poH 3H T  (Bronzite) 
Takeda (1972)

E poH 3H T  (Bronzite) 
Takeda & Ridley (1972)

E poH 3H T  (Bronzite) 
Ridley (1972)

T°C Gp(M0 Gp(M2) GP(M0 Gp(M2) GP(M0 GP(M2)

100 2,28 6,47 2,28 11,15 2,08 8,70
200 1,69 4,78 1,69 8,24 1,55 6,42
300 1,31 3,67 1,31 6,34 1,20 4,94
400 1,04 2,90 1,04 5,00 0,95 3,90
500 0,85 2,33 0,85 4,01 0,77 3,13
600 0,69 1,88 0,69 3,25 0,63 2,59
700 0,57 1,53 0,57 2,64 0,52 2,06
800 0,47 1,25 0,47 2,15 0,43 1,68
900 0,39 1,01 0,39 1,74 0,36 1,36

1000 0,32 0,81 0,32 1,40 0,29 1,09

Ta6eJia 4. H3paqyHaTe BpeflHocrH napijHjajiHHX ({jyHKUHja Meuian.a y KJ/mol Ha ocnoBy no/iaTaKa H3 Ta6ejie 1. 
Table 4. The calculated values of partial function of mixing Gp(Mj), GP(M2) in KJ/mol, based on the data 

in table 1.

MHHepaji
(Mineral)

A jI-E p O H 3 H T  
(Al—Bronzite) 

Kasoi et al. (1974)

XHnepcTeH 
(Hyperstene) 

Ghose (1965)

XnnepcTeH 
(Hyperstene) 
Kasoi (1974)

T°C GP(Mj) GP(M2) Gp(Mj) GP(M2) GP(Mi) GP(M2)

100 1,17 8,00 5,11 20,07 2,25 18,08
200 0,87 5,91 3,80 14,82 1,67 13,36
300 0,67 4,55 2,95 11,40 1,29 10,28
400 0,54 3,59 2,34 9,00 1,03 8,11
500 0,43 2,88 1,90 7,22 0,83 6,51
600 0,35 2,33 1,56 5,85 0,68 5,27
700 0,29 1,90 1,28 4,76 0,56 4,29
800 0,24 1,55 1,06 3,88 0,47 3,49
900 0,20 1,25 0,88 3,14 0,39 2,83

1000 0,16 1,00 0,71 2,52 0,32 2,27
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G(M ,j, G(M,j KJ/mol

TeM nepaTypa (Temperature) °C

—  Bro. Take. 1972 (GMX) Bro. Take. 1972 (GM2)
Bro. Ta. & Rid 1972 (GMt) Bro. Ridl. 1972 (GM2)

C j i . 2 .  I l a p i iH ja j iH e  e H e p r n j e  k o ^  HeKHX o p T o r iH p o K c e n a .

Fig. 2 .  The partial energies for some orthopyroxenes.

G(M ,), G(M2) KJ/mol

rr e M n e p a T y p a  (Temperature) °C

—  Bron. Ridl. 1972 (GM,) —t -  Al-Bro. Kas. 1974 (GM,) Al-Bro. Kas. 1974 (GMJ

—s — Hype. Ghose 1965 (GM,) — Br. Ta. <fe Rid. 1972 (GMJ

C j i .  3 . r i a p u n j a j i H e  eneprnje k o j j  h c k h x  o p T o n H p o K c e H a . 

Fig. 3. The partial energies for some orthopyroxenes.
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c ji .  2, 3 h  4 jjaT  j e  rpa(J)HHKH npHKa3 napi;HjajiHHX eHeprnja y jiacK a Fe2+ y nojioacaje Mx 
h  M2 y c T p y K T y p a M a  o p T o i r a p o K c e n a .  Hs rpacjiHHKor npH K a3a npoH3HJia3H, j j a  cy  Hajon- 
THMajiHHjH y c jio B H  y j ia c K a  Fe2+ y  o jjro B a p a jy h e  CTpyKTypHe no3HD;Hje y HHTepBajiy 
T e M n e p a T y p a  o,rj 500-1000 °C, h i t o  o j j r o B a p a  ycjioBHMa 0 6 p a 3 0 B a i b a  opTonH poK ceH a y 
jjy 6 jL H M  HHBOHMa p e r H o i i a j i i i o r  M eT aM op(j3H 3M a o j j h o c i i o  M arM aTCK O M  C T ajjH jyM y.

G(Mj), G(M2) KJ/mol

TeMnepaTypa (Temperature) °C

—  Hyper. Ghose 1965 (GM;) Hyper. Kasoi 1974 (GM,)
Hyper. Kasoi 1974 (GM2)

C ji. 4. IlapnHjaJiHe eH eprnje koji HeKHX opTorrapoKceHa.
Fig. 4. The partial energies for some orthopyroxenes.

O b h  p e3 y jiT aT H  M o ry  6 h t h  KopHcno ynoTpe6jbeHH 3 a  T epM O M eT pnjcK a o jjpe i)H B a- 
u .a  y c jio B a  o ^ p a s o B a ib a  o p T o n n p o K c e i ia  y CTeHaM a Jiy6 ji> er HHBoa p e rn o H a J iH o r  M eTa- 
MopcJ>H3Ma, K ao  h  ycjioBa 0 6 p a 3 0 B a H .a  y  h c k h m  MarMaTCKHM cTeH aM a, n p n  neM y  j e  p a j j  
no o b h m  nHTau>HMa y  TOKy, Ha y3opijHMa H3 HamHX JioKajiHOCTH HaKOH o jjp e i jH B a i ta  

c a jjp jK a ja  Fe2+ y  ojjroBapajyhiiM cTpyKTypHHM  HOSHHHjaMa.



Teoji. an. BaJiK. noji. 
Ann. Geol. Penins. Balk.

59 327-338
B eorpa^, seu;eM6ap 1995 
Belgrade, Decembre 1995

UDC 549.642.1:549.08 Original scientific paper

THE THERMODINAMICS OF ORTHOPYROXENE 
CRYSTALLINE SOLUTIONS

by
*

D anilo Babič

In the paper are presented the results of the thermodinamics of orthopyroxene solid-solutions for 
some natural orthopyroxene. By applying the kinetics of simple mixture or regular solution, function of 
ion exchange in the M, and M2 sites may established. This function may be used later for the thermomet- 
ric investigation.

Key words: orthopyroxenes, thermodinamic, energy M ,, M2 sites, solid-solutions.

INTRODUCTION

Orthopyroxenes are very important rock-forming minerals, which occur in regional 
methamorfic and magmatic rocks. More than 95% of the orthopyroxenes are a solid- 
-solution of the end members enstatite (Mg2Si20 6) and ferrosilite (Fe2Si20 6). Fe2+ and 
Mg2+ in the crystall structure are distributed between two nonequivalent sites Mj and M2.

By the use of X-ray or Mossbauer method, it is possible determine the Fe2+ and 
Mg2+ in the sites M5, M2 (Evans et al., 1967; Takeda and R idley 1972; etc.). These 
data can be used to determine the thermodynamics properties of the orthopyroxene solid 
solutins (Virgo and H afner, 1969; Saxena and G hose, 1971; etc.).

THEORY OF INTERCRYSTALLINE ION EXCHANGE FOR 
ORTHOPYROXENE SOLID-SOLUTION

A solid-solution (A, B) M may have two cations -  A and B, distributed between 
nonequivalent sites a and p in the crystall structure. M is the inert silicate framework. In 
the silicate minerals which appeared as soli-solutions, the order -  disorder processes are

University of Belgrade, Faculty of Mining and Geology, Institute of MCPG, Djušina 7, Belgrade.
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very important. Folowing D ienes (1955), M ueller (1960, 1962, 1969) the disordering 
process may be represented by the exchange type reaction

In the equation (2) X refers to the mole fractions, Kp„a and Ka_p are constants which 
depend of p, T; cj)p_a and t()a p are the activity coefficient in a chemical system, and de- 
pend of p, T and composition.

In the equilibrium dXA b/dt=0 ; and for equilibrium constant reaction (1) we have

In the equation (3) X A_pX B_a/XB_pX A_p=KD; f -  is the partial activity coefficient. 
Equation (3) may be written as

The equilibrium constant K is generaly a function of p, T parameters. If the volume 
changes involved in the ion exchanges are very small, we can ignore the depedence of K 
on p, and K is then a function only of T.

The standard site preference energy, or inter crystalline ion exchange energy AG° for 
the reaction (1) is given by

R -  is universal gas constante, and T - is temperature in °K.
By applying for reaction (1) the kinetic of simple mixture or regular solution, be- 

comes

Equation (6) is very important, and may be used for ortho pyroxene crystalline solutions.
For the orthopyroxene ion exchange in the site M, and M2 equation (1) may be writ- 

ten as

K(7) has a little influence of presure. K(7) is mainly a function of temperture. The inter- 
crystalline ion exchange energy for reaction (7) is

A -a+ B -P  <-> A -p + B -a  

The time-rate of change A in site b in the terms of kinetic I heorv is given by 

—dXA_p/dt=Kp_a(t)p_aXA_pXB_a—Ka_pcj)a_pXB_pXA_a (2).

(1).

K—Kp_a/Ka_p—(XA_pfA_pXB_afB_a)/(XB_afB_pXA_afA_a) (3).

K—KD(fA_pfB_a)/(fB_pfA_a) (4).

AG° = -RT lnK (5);

ln K = lnKD-W a(l-2X A_a)/RT+Wp(l-2XA_p)/RT (6).

Fe2+M2 + Mg2+M, <-> Fe2+Mj + Mg2+M2 (7).

The equilibrium constant for the reaction (7) is

K(t) -  (XFeM]fFeM|XMgM̂fMgM̂ )/(X (8);

AG° = -  RT ln K(V) (9).
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This energy is a part of the total Gibbs free energy of pyroxene crystal, and AG° is 
therefore a very important thermodynamic quantity. For the orthopyroxene crystalline solu- 
tion Eqs (6) may be written as

lnK(7) = lnKD + WM_ (1 -  2XFeM]) / RT- WM> (1 -  2XFeMz) / RT (10);

where Kd =  XFeMi (1 — X FeM2) / XFeM2 (1 — Xfcmi ); Xpe — is the site

occupancy, and W is the energy constant of the simple mixture model.
In Tab. 1 are given the values for content of Fe2+ and Mg2+ in M, and M2 sites in

the orthopyroxene crystalline solution.
This values were attended for calculation values K7, WM, and WM2 (program REG- 

SOLl, G uggenheim , 1967). REGSOLl is a nonlinear least-squeres program operating 
by simultaneous iterations to calculate K7, WM, and WM2. In Tab. 2 are given calculated
values of Kv, WM„ WM2 and AG° for T=773-1273 K.

Fig. 1 shows a relation of WM1( WM2, K7 and AG° in depedence of T. Fig. 1 is 
clear, so the values have a good aproximateus linear relation. The equations for WM1, 
WM2 and AG° are

WMt = 14748,60(103/T) -  6973,06
WM2 = 10284,27(103/T) -  5276,02 (11)
AG° = 18749,09 -  8150,43(103/T)

TERMODINAMIC PARTIAL FUNCTION OF MIXING 
FOR Mj, M2 SITES AS SIMPLE MIXTURE

The partial function of mixing in Mj and M2 sites may be calculated from the rela- 
tions (Saxena, 1973)

Gp(Mj) = XFeM XM M WM,
(12)

GP(M2) = XFeMXMgM2WM2

Because the values for WM, and WM2 are given with (11), equations (12) may be 
writwn as

GP(M,) = (XFeM XMgM )x 14748,60(103/ T ) - 6973,06
(13)

GP(M2) = (XFeMjX MgM2 )x 10284,27(103 / T ) - 5276,02

Because the values for Xkm,......Xu6«, are given in Tab. 1, we can used (13) for calcu-
lation Gp(Mj) and GP(M2) values. The calculated values are given in Tab. 3, 4.

The results which are presented in Tab. 3, 4 show that in the orthopyroxene crystall 
structure the M2 sites have hight energy of inter-crystalline ion exchanges for Fe . On
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Fig. 2, 3 and 4 are presented partial energies of Fe2+ in the Mj and M2 sites.based on the 
values in Tab. 3, 4.

The optimal values for Fe2+ ion exchange in the Mj and M2 sites in orthopyroxene 
structure are in interval 500-1000°C, which correspond to the origin of the orthopyroxene
in the same regional methamorfic or magmatic rock.
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