NNekuusa Ne 8.

TTpuHUMNEL pacyeTa NPOCTHIX (PA3OBLIX
ANArpamm Kak ocHosa JBM-mopenuposaHus

KPUCTANNU3ALIUU MATM

TTporpamma KOMAIMAT
U Apyrue mopenu




CYWECTBO YACNEHHBIX METOLNOB MOOENMPOBAHNA
KPUCTANNMU3ALIMOHHBLIX TIPOLIECCOB

dx/=(x/-x7)de/ (1 - @)

3ameHa 6ecKoHeYHO ManbIX
NpUpaLieHUN KOHeUYHLIMMU

Ax!=(x/-x) A9/ (- )




TTpuHUUMN NocTpoeHUus KOHeYHO-pPAa3HOCTHBLIX CXeM

¢ Coctas TBepaou (pasbr Coctas pacnnaea

Ax!=x/-x)Ap/(1- @)




YyTO HEOBXOONMO OANA TTOCTPOEHNA YNCNEHHBIX
MOLOENEN KPUCTANNMU3ALMN MATM?

lNpun 3agaHHOM BanoBOM cOCTaBe reTeporeHHOM pacnnaBHO-
KpUcTannm4yeckom cucteMbl UMM UCXOQHOro pacnnaea (gns
cny4das opakuMOHNPOBaAHUA) HEOOXOAUMO “Hay4YUTb

anropuTtmMmbl”’ onpenensiTb:

(1) lNepsbiti kpucmannusyrowuticss MUHepars (8Kryasi e2o cocmas),
(2) INocredoeamernbHOCMB 8bI0ENIEHUS KOMEKMUYECKUX MUHEepPasios,
(3) lNponopuuu Kpucmannusauyuu amux MUHeparsos,

(4) Cocmasbl MuHeparios u pacrisiaga rno Mepe roHUXXeHus
memrepamypbl UU rMoebILEeHUU cmereHu Kpucmarnnusayuu

UCXOOHOU cucmemMabl




OBA MMABHBIX METOOA

(1) MnHMMU3auuAa TepMogUHaAMUYECKMX NOTeHUManoB
(06b14HO c80600HOU aHepauu [ubbca) pns 3agaHHOro
cocTaBa cucTeMbl, UCrosb3ys 3Ha4eHUss c80600HOU
3Hepauu [ubbca 0Ons pacrnnaea u MUuHepasibHbIX ¢ghas rnpu
3adaHHbIX P-T ycriosusix

(2) YncneHHoe pewieHMe CUCTEM HESTMHEeUHbIX YPaBHEHUN
(Uu3geCmHbIX Kak “3aKkoH Oelicmeyruwux Macc”), CBA3bIBaOLMUX
COCTaBbl MMHEpanoB U pacnfasa Nnpu 3agaHHbIX P-T
YCIIOBUSAX - C UCIO/Ib308aHUEM KOHCMaHm pacripedeneHusi unu
KOHCMaHm pasHo8ecuUs MUHepars-pacrisias




NCTOYHNKU NHEOPMALINAN

(1) CBoboaHble 3Heprum MuHepanoB u pacnnasa G
paccyMTbLIBalOTCA NMPU NOMOLLU TePMOXUMMNYECKUX
OaHHbIX (3HMarnkenus, 3HMPOorus, MernjioemMKocme U3
mepmMoOUHaMUYECKUX CripasoyHUKO8 U ba3 0aHHbIX)

(2) OueHKM aKTUBHOCTU BbIOpPaHHbIX KOMMNOHEHTOB pacnnaBa
(mpu nomowu napamempos cmeweHust W, kanubposaHHbIx
10 pe3yribmamam 3KcriepumMeHmarsibHbIX OaHHbIX)

(3) KoHcTaHTbI pacnpeaeneHuns, onucbiBarwwme paBHoOBeCUs
MUHepan — pacnnas (paccyumei8aromcs HarpsiMyro 1o
pe3yribmamam 3KCrnepuMeHmos8 8 pacriyiagHo-KpucmarssiudyecKux
cucmemax)




AIMTTUPUYECKUN BA3NC OBOUX TTOAXOO0B

Pe3ynbraTtbl 3KCNEpPUMEHTOB NO NJIaBfEHUIO U
KpucTannusauum marmaTtmyeckux nopoa n nx
CUHTETUYECKNX aHarloroB 8 WuUpoKom Ouarna3oHe P-
T-fO2-H20 ycnosuu

OTcropa HeoOxoaAMMOCTL pa3padboTKu MeToaoB
MaTeMaTn4yeckou obpadboTkm (onTMMmnsauum)
aKcriepumMeHmarbHbIX OaHHbIX, M0S1y4YEHHbIX 8 Pa3HbIX
niabopamopusix, pasHbIMu MemooamMu 0515l pa3HbIX
MUHepasios U cocmaso8 MoO€esibHbIX CUCMEM




TQPMO,D.MHGMM‘-ICCKM nocneanosartesibHbie moaesiv
Kpuctannumsaumm marm

[MPOrPAMMDbI NCTOPUS PASPABOTKU

THOLEMAG Ariskin and Frenkel, 1982;

\% Frenkel and Ariskin, 1984, 1985;
COMAGMAT Ariskin et al., 1993;

Ariskin and Barmina, 2004

Ghiorso and Carmichael, 1985;
Ghiorso and Sack, 1995;
Ghiorso, 1997

No name Weaver and Langmuir, 1990;
Langmuir et al., 1992

No name Camur and Kilinc, 1995




M.A.DpeHKkenb u

A.A.APUCKUH:

adBTOPblI MOAEI N
KOMAIMAT (COMAGMAT)
(TEOXUN PAH, 1978)

Mapk N'mopcoy (criesa)
n Puyapp Cak:
AsTtopbl mogenu MELTS

(BalMHITOHCKUI YHUBEPCUTET,
Cwuatn, 1991)




CYWECTBYHOWWME MOLOENN KPUCTATINTTIU3ALINA
Knaccuyeckunmn tepmognHammyeckum nogxopn, (MuHumusayus G)

(1) NMpoepammMbI cemelicmea (2) Mpozpammbl, OCHOBaHHbLIE Ha UCMOJIb308aHUU
anzopumma muHumusayuu (Connoly, 2005) c
MOOKJIIOYEHUSIM pa3siudHbIx 6a3 daHHbIX u modeseu
meepobix pacmeopos (Perple_X)

MELTS, Ha4uHas ¢ pabom
(Ghiorso, Sack, 1985-1987)

Available thermodynamic software”

MELTS ' Adiabat 1pH ~ THERMOCALC

Also includes pHMELTS
Uses actual MELTS code

Ghiorso et al. T Holland & Powell

\ Perple_X /

Both have option to choose
These use published between databases... Solid phases may be
algorithms and solution different to ones used

models for MELTS Th eri ak / D om in 0 in MELTS calibration

[loyemy 30echb rpo
Holland & Powell?

" List is not exhaustive e.g. Pele is a Windows clone of MELTS
T Also TWEEQ software (Berman) but no liquid end-members




TTOOPOBHEE TTPO PERPLE_X ana marmatuyeckux cucrtem

Murumusauus G memodamu
OUHeaHoeo npoepaMMupoeaHuﬂ HOSaFI 5838 mepMOGUHaMULIeCKUX OaHHbIX

Earth and Planetary Science Letters
Volume 236, Issues 1-2, 30 July 2005, Pages 524-541

. metamorphic Geol., 2011, 29, 333-383 doi:10.1111/].1525-1314.2010.00923.x

Computation of phase equilibria by linear

programming: A tool for geodynamic An improved and extended internally consistent thermodynamic
modeling and its application to subduction  ldataset for phases of petrological interest, involving a new
zone decarbonation . ;

equation of state for solids
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CYWECTBYOLWWHME MOOENU KPUCTANNTU3ALIMUA

MNonyamnupuyeckun noaxon (umepauyuoHHoe peuwieHue cucmem
ypasHeHUl pasHOBeCUS Mo 3aKOoHy delicmeyrouwux Macc 0515 rnap

MUHepar - pacrisias)
(2) lNpoepammMmbI cemelicmea

1) lMpoepammbI cemelicmea
(1) lpozp PETROLOG, Ha4yuHasi ¢ pabomel
KOMAIMAT (COMAGMAT), Ha4uHas ¢

( ) (Danyushevsky, Plechov, 2011)
pabom (ApuckuH, @®peHkernb, 1982;

®petiKene, Apuckut,1984) (3) Mpocpamma KpuMuHan

(bbiykos, Konmek-/L]eopHuKos,

2023)

TepmoanHammnyeckoe o60CHOBaHWE arirOPUTMOB AaHO
ana nporpamm cemencts MELTS, Perple_ X u KOMATMAT !

InK = AG/RT
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Phase equilibria modeling in igneous petrology: use of
COMAGMAT model for simulating fractionation of ferro-basaltic
magmas and the genesis of high-alumina basalt
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TEPMOAMHAMMUWYHECKMUE
OCHOBbI U NPUHUMINDbI
KAJINBPOBKA MOAEJIN

KOMAIMAT




TepmoauHamudeckaa Tpaktoska cuctemsr Di-Ab-An

CaMgsl,0, e
1391°C | Liquidus Liquidus

Ligulds crystallizing In this
system produce two-phase
assemhlages:

1) Diop. of fixad
composition
and 2) Plag. of variable
compaosition.

No thres-phass assamblagss
as in tha previous tsrnary Liquid
syastems s¥aminad. e

Crystals
i Solidus

Eutectic
Crystals

s | |
10 20 30 40 50 60 90
Anorthite

Diopside

PLAGIOCLASE + L

Anorthite
CaAlSl,0,

TEMPERATURE, °C

Albite

NaAlSi, o,
System exhlblts complets solld solutlon betwaen Ab and An.

PLAGIOCLASE CRYSTALS

40
WEIGHT PERCENT An




OTTUCAHWUE 3BTEKTUYECKOU CUCTEMBLI DI-AN

YPABHEHWE LLIPE[JEPA:.
SCHROEDER's Equation

Xgt - cogepxanve Din An B

f
InXg =208 (I,
pacnnase,

.1
T, TS

Note: B may be Dior An AHBf - MOJ1bHbI€ TEeNnJoThl
nrnasneHuns ynctoro Di n An,

RTh,

L _of L
Thn™Thn /(1 5 |ny
\n

Tg' - Temnepatypbl nnaeneHns
3TUX KOMMOHEHTOB;

R - rasoBsag nocrtogHHas.

3HaveHue T;- npepacraBnser
Temnepartypy JIMKBUAYCHbIX
KpuBbix anga Di unn An:

EUTECTIC composition

T,,-=Func (X, -, AH, T, T, )

XII5i+ an= 1

Tpit = Func (Xt , AHR T, T F)




OnucaHue 3sTekTUYeckou cuctemsr Di-An

Temnepamypwl 1ukeuoyca:

TAnL — TAnnﬂae/ [ 1 - (RTAnnﬂae/AHAnnﬂae )lnXAnL]

Liquid

TDiL — TDinJme / [ 1 - ( R TDinJme / AHDinJme )lnXDiL]

_ ITepecedennto AByX 3TUX TEMIIEPATYPHBIX JTAHUU
Sl OTBCUACT pAaBEHCTBO TEMIIEPATYP KpUCTaUM3auuu Di u
An B 3BTEKTHYECKON TOYKE:

L — L
TAn TDi

Ecau kK 3ToMy paBeHCTBY J100aBUTh yCIOBUE OadaHca
MaccC B pacIuiaBe, CoAepKaiieM TOJIbKO Di u An:

XAnL + XDiL= 1

MOHO pemuth cuctemy otHocurensho X L= 1-Xp L

L_1.v L
nnu X p); 1-X,,




OTTUCAHUE TBEPLOOIO PACTBOPA B CUCTEME AB-AN

YPABHEHUE BAH-JIAAPA:
VAN-LAAR's Equation

Xgh - conepxaHve Ab n An B
pacnnase,

L f
InXs =aHs (1f - 1L)
XX R "Tg Tg

Note: B may be Ab or An XBS -Co,u,ep>KaHl/Ie Ab n An B

nJarnokriase,

f
,,//(g TAn

LIQUID

AHg f MonbHble TennoTbl
nnasneHna Yynctoro Ab mn An,

f_
PLAGIOCLASE Tz ' - Temneparypbl nnasnenns
STUX KOMIMOHEHTOB.

L S
XAn XAn

I ! I I
40 60 80

Xgh/ Xg® = K — koHcmaHma paeHosgecus,
xapakmepu3syrouwias pacripederneHue Ab

Unu An mexay pacnnaBoM U KpucTannamm
rniasuoKnasa

PL composition

Xab* X pn= 1




OnucaHue 6UHAPHOU CUCTEMLI C TBepALIMU pacTsopamu Ab-An

Temnepamypul 1ukeuoyca:

TAnL — TAnnJuw/ [ 1 - (RTAnnJuw/AHAnnJuw )anAn]

/ . i
/ PLAGIOCLASE + L/
3 P’

- i Ty =T/ [1- R T, "*/AH ;" )InK ]

4
/ PLAGIOCLASE CRYSTALS

40 60 80 100
A

WECGHT FECRHT 4 @l OTBCUACT PABEHCTBO TEMIIEpPATyp KpUCTAIM3aluu Ab n

TEMPERATURE, °C

[lepeceyeHure AByX 3TUX TEMIIEPATYPHBIX KPUBBIX

An Ha TMHUW JTUKBHUIYCAa MIAardoKJa3a:

— L Pl Eciu k s TOMY paBeHCTBY J0OaBUTH YCIOBHE OajlaHca
Macc B paciuiaBe u Pl, cogepskaiuM TOIbKo Ab u An:

L L — Pl Pl —
XAn + XAb 1’ XAn + XAb 1
MOHO pelnuThb cuctemy otHocutensho X, F=1-X L

um X ;' =1-X, L ucocrasa Pl




OTTUCAHUE TBEPLOOIO PACTBOPA B CUCTEME AB-AN

YPABHEHUE BAH-JIAAPA:
VAN-LAAR's Equation

Xgh - conepxaHve Ab n An B
pacnnase,

L f
InXs =aHs (1f - 1L)
XX R "Tg Tg

Note: B may be Ab or An XBS -Co,u,ep>KaHl/Ie Ab n An B

nJarnokriase,

f
,,//(g TAn

LIQUID

AHg f MonbHble TennoTbl
nnasneHna Yynctoro Ab mn An,

f_
PLAGIOCLASE Tz ' - Temneparypbl nnasnenns
STUX KOMIMOHEHTOB.

L S
XAn XAn

I ! I I
40 60 80

Xgh/ Xg® = K — koHcmaHma paeHosgecus,
xapakmepu3syrouwias pacripederneHue Ab

Unu An mexay pacnnaBoM U KpucTannamm
rniasuoKnasa

PL composition

Xab* X pn= 1




TTIPUMEP PACYETA 3A30BOM OMATPAMMBI DI-AB-AN

PE3YJIbTATbI OKCIIEPUMEHTOB PE3YJIbTATbI BbIYUCJIEHUNA

Diopside . Diopside

L3300
fluoncud

“ Q 'l Q -~ -
// // ey, \
- mole %

MapameTpbl pacyetoB: T, = 1663 °K, T, f=1823 °K, T, f=1370°K

AHp, T = 23 kkan/monb, AH, . T =29 kkan/monb, AH,, =13 kkan/monb




CTPOEHHE CUINTMKATHBIX PACTINNIABOB

o ® ©
OS89 o &

PeanbHbIe KOMMNOHEHTLI pacnnaea:

Mg?*, Fe2*, Ca?*, Na*, K",
(S5i0,)*, (Si,0,)6-, (Siz040)%,

TTpocreiwme konbua FparmeHT cTpykTypbl K,Si0; npu 2000 K
(Bockris, 1955) (O - kpynHbIe u Si - Menkue benbie Wapkl,
K - TeMHbIe Wapuku)




TTIPOBJIEMA BbIBOPA KOMTTOHEHTOB PACTIJIABA

| | T T T T T T

Walker et al., 1979|Grove, Bryan, 1983 Grove & Bryan, 1983  Tormey et al., 1987

. T oFm | of2 EM ! )
J1 T o e s

Ol PI Aug Pig 1+ 1 TiO,
1

|

FErceniurysidii I on

e

'-f'l"lll T b b
L HROP YA e Ol Pl Aug

" Tormey et al., 1987| Grove et al., 1990

S / QFM 7 QFM
L UL L L P A A O B | - 1 1
. Shereotty I b
Si0, X 5 s, i 80
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4 Ol Pl Au = W
. Pl Ol AugPig

2 Snyderetal., 1992| Yangetal., 1996
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==== Calculation ===s Experiment <= Calculation

MELTS (Ghiorso, 1997) KOMAIMAT (Ariskin et al., 1993)

KomnoHeHTbI pacnnaea: KomnoHeHTbI pacnnaea:
Si0,, Al,0;, Mg,SiO,, SiO,, AlO; 5, MgO, CaO, NaAIO,
CaSiO;, Na,SiO,, u ap.
Ca3(PO,), v Ap.




SKCTTEPUMEHTAJTTIbHOE TTNABIEHUE TIPMPOLOHBLIX OBPA3LIOB
TTIPUU ATMOCZEPHOM LOABNEHUN ( "meTon netnu”)

TTnasneHue komatuurtosoro 6asanbra

Cxema nposeaeHUs B ycnosusax 6ypepa QFM

onbITOB OnueuH (OL) 4349 240 LQ

1339 25.0 LQ OL

* o 1328 400 LQ OL

TToaaya rasosou cmecu 1320 24.0 LQ OL
/ 1311 25.0 LQ OL

1300 23.0 LQ OL
] C02+ H2 Pacnnae (LQ) 1291 25.0 LQ OL

1279 25.0 LQ OL
1270 240 LQ OL
: 1260 30.0 LQ OL
— ObpaseL 1251 23.0 LQ OL
St 1240 25.0 LQ OL

1231 240 LQ OL
1221 240 LQ OL

Tepmonapa 1212 68.0 LQ OL
T N 1200 70.0 LQ OL
1190 72.0 LQ OL

1180 119.0 LQ OL

| 1171 117.0 LQ OL

1160 186.0 LQ OL

lNnarnoknas (PL) 1149 189.0 LQ OL

1149 263.0 LQ OL

HarpeBaTenb




OT KOHCTAHT PABHOBECUS PEAKLIMMA KPUCTANNMN3ALIMU
K SMTTUPUYECKUM TEOTEPMOMETPAM B TOPME
KO33TULIMEHTOB PACTTIPEQENEHNS MUHEPAN - PACTTNIAB

KOHCTAHTbBbI PABHOBECHA IJTIATOKIJIA3 - PACIITIAB

K, =X,"X,}) —— Ko =Xe0" 7 X

KOHCTAHTbI PABHOBECHWA OJINBUH - PACITJIAB

Ky, =Xp,%/ Xg," > K,ro0 =XMgOOI / XLMgO

}

®opmMma reorepMoMeTpoB: KOHCTaHTbLI Takoro Buga

InK=A/T+B +C, NCNonb3ylTCA AN KannopoBKU
3MNUPUNYECKUX YPaBHEHUMN,
NOJyYMBLUMX Ha3BaHUe
reorTepMomMeTpoB

T — memnepamypa pasHogecusi MUHeparn - pacninas.

A, B, u C — amnupuyecku kanub-
poB8aHHbIE KOHCMaHMmMabI,




TTEPBLIE FEOTEPMETPbLI ONMMBUH - PACTINAB
(Roeder & Emslie, 1970 v Roeder, 1974)

OLIVINE - MELT EQUILIBRIUM
processing experimental data
on MgO and FeO (Roeder, 1974)

Distribution coefficients
K=MeO(Ol)/MeO(Liq)

InKj.,=4/T+B,

InK,. =A,/T+B,
!
XAOéo = XAL4g0 exp(4, / T + B,)

4 7.2
10 /T(K)

oL _ vL
OL - MELT GEOTHERMOMETERS: Xieo = Xpo€Xp(A, / T+ B,)

InK(Mg0)=8086/T-3.94 oL oL _
nK(Mg0) X0, + X2 =0.667
InK(FeQ)=7591/T-4.74

utor: To.=f (coctaBa pacnnaga)




OT TTPOCTbIX FTEOTEPMOMETPOB K CINNOXHbIM

KOHCTAHTbI PABHOBECUA TTJIATUOKIJIA3 - PACITIJIAB

I( h XCaOPl /XCaO KAn - XAnPl / [XLCaO Al203 (XLSIOZ)Z ]

KOHCTAHTbI PABHOBECHA OJINBUH - PACIIJIAB

KMgO _XMgOOI/ XMgOL — | K, =Xg,%/ [(XLMgo)ZXLSiOZ]

dopMa coxpaHAeTca: K — koHCmaHma pasHosecusi XUMU4YeCcKoU
K KoTopasi onucbIBaeT
INK=A/T+B+C, peakyuu, KotTopas onuncbiBae
KpucTannuaaumio MMHepanoobpasyroLmx
HO MEeHSIeTCsl CMbICH KOMMOHEHTOB M3 pacnnaga.
KOHCTaHTbI pacnpegeneHus !




TIPUMEPLI HOBbIX OJIMBNHOBBIX NTEOTEPMOMETPOB

OLIVINE - MELT EQUILIBRIUM

—— Distribution coefficients ——— 34eCb BHOBb NMCNOoNb3yHOTCA
pe3ynbTaTtbl 00paboTKM MaccuBa
3KCNepuUMeHTarnbHbIX AaHHbIX,
BKJTHOMAKOLWKUX COCTaBbl OfIMBUHA U
pacnnaBa, paBHOBECHbIX NMpu
AaHHON TeMneparype.

CHavyana oHM ucnonb3oBaHbl AN
pacyeTa MOJIbHbIX KO3(pULMEHTOB
pacnpeneneHus.

4 8.0
10*T(K)

Equilibrium constants

_ 3aTtem norapumbl 3TUX 3HAYEHUN
MgO(LQ)+0.5Si02(LQ)=Fo(OL)
FeO(LQ) +0.55i02(LQ)=Fa(OL) npeacraBneHbl Kak (pyHKUUA
obpaTHoM Temnepatypbl 1/T.

HumxHun rpacduk npeacraBnser
pe3ynbraTbl TaKUX NOCTPOEHUN AN
TEPMOAUHAMUYECKMNX KOHCTAHT
paBHOBECUS ONIMBUH — pacnnas.




MMABHbLIE TEOTEPMOMETPbI MMHEPAN - PACTINAB,
ucnonb3osaHHbIe Npu paspabotke mosenu KOMATMAT

Mineral Calibrated equations Ref

0l InK = 5543 / T-2.32 + 0.210In (Al/SI) Ariskin ot 1300-{ Ol-melt

(n=387)

In K=6547 /T -4.22 + 0.0841n (Al/Si) al., 1993

InK=10641/T-132+0.369In R Ariskin &

InK=11683/T-6.16-0.119In R

Barmina,
1990

In K=8521/T-5.16

In K=13535/T-9.87

In K=2408/T-1.24
D =0.20

Ariskin et

al., 1987

In K=8502/T-4.74

In K=5865/T-4.04

In K=4371/T-4.02
D=0.10

Ariskin et
al., 1987

AlO; 5

In K=7208/T-3.71
In K=6386/T-4.39
InK=11950/T-10.40
D=0.10

[Bolikhov-
skaya et
al., 1996]

Notes. R = In [(Na + K) Al/Si?].
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CXEMA COOTHOLLUEHWUN TEMIMNEPATYP JIMKBUOYCA
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CTPYKTYPA NPOIrPAMMbl KOMAITMAT
(http://geo.web.ru/~ariskin//index.html)

INPUT: Banoseit cocras N;, IPOrHO3HEIE KOTHIECTBA MUHEPANIOB N,
7 MHHAJIOB N" KOJTMYeCTBO pacmiaBa N, = E N,
¥ 006111as cTeneHb KPHCTAJIIM3AIMA @, = ] -N;

!

THERMO: Tepmomempus pacnaasno-munepanbHbix pagroeecuil

PacyeT paBHOBECHBIX CMEIEHHI A, 1 Ax,{m TemnepaTyp pasHosecis T;,

! i
roeoro cocrasa pacnnaga Nj = N{ + Ax] —x! =N!/(1-¢,,)
M HOBBIX COCTaBOB MHHEPaNOB x; = (N/ + Al)/ N,

!

m RG)
=33 A, /(1-q,)

j=lr=1

ST :Tm;u _ Tmin §T<ET

START COMAGMAT PROGRAMS

Read Data Files Initialization of Model Parameters

MAINMENU.DAT DICOEF.DAT e cat
| I | Set Number of initial Compositions

Define Trace Elements

| OXYBUF.DAT || MINERS.DAT

P = 5 kbar, QFM buffer, H,0=0.2 wt%

|
|

| COMMAJ.DAT ” CORREC.DAT | Isobaric Fractional Crystallization
|

COMTRA.DAT ” INTRUS.DAT

}

j(N;=0) J(N; >0)
|6TZETI ox! <el(l=sisn)

4

SOLUTION OF THE EQUILIBRIUM PROBLE
ITHERMO: Thermometry of Mineral - Melt Equilibria |
PHASPRO: Calculate Phase Proportions :

CAPRO: Pacuem ghazosvix nponopyuit

Kpucrammams dasst jI(T; = T;"). Tnasnenne (asst j2(T, = T,
NI =N 4 AN N2=N}- AN2
!

Honbrit cocras pacnnasa Ni =N - Z vi,A NJ"+ 2 vlmANﬂ

INFORM: Sstore Equilibrium Information at given crystallinity o, 20

!

Calculation of Perfect to Partial Fractionation
or Simulation of In Situ Magma Differentiation
by the Convective-Cumulative Mechanism

SUBROUTINE DYNAMICS (THE INTRUSION PROGRAM) |

OUTPUT: 3adaua pasnosecun peuiena

Temneparypa pasnosecua T =(T™ +Tj’"“") 2
J

!
Ha nevarh BLIBOJATCA paBHOBecHbIe 3Hadenus N/ x/ u x;

Correct precision of max

- = — Yes
T-X iterations +No—pRE = I

l EXIT: Printing out Thermodynamic Information

on the Modelled Crystallization Trajectory and
(if use INTRUSION program) Geochemical

Structure of the Modelled Intrusion Body




TTIPUMEPBI TTPEACTABIEHNS PE3YJIbTATOB PACHETOB
NOpAAOK KPUCTANNU3ALUMU U BAPUGLIMOHHBIE AUGTPAMMBI

T.°C
Walker et al., 1979 |Grove, Bryan, 1983 Grove & Bryan, 1983  Tormey et al., 1987

Bt = aFfm | o2 QFM ! !
7

1150 ? 70 -t :
= e Ol PI Aug Pig |

M%7 o1 Pl “Aug

1050

T°C Tormey et al., 1987| Grove et al., 1990
1250 -

QFM QFM
1200 - I 1
| ]

1150 -
100 4 Ol PI Aug

L e
Pl Ol Aug Pig

1050

L Snyderetal., 1992| Yangetal., 1996
1250 - QFM ? E QFM

1200 - O

1150 - . .
Ol Pl Aug
1100 - R T : T T ' T - T
1200 1250 1150 1200 1250

1
Ol Pl Aug lim Mt 1190
1050 TemperatureC TemperatureC

=== Calculation ===s Experiment <= Calculation ¢ Experiment




Fne B3atb KOMAITMAT (COMAGMAT)?

https://comagmat.web.ru/apps-comaghmat.html

COMAGMAT 5

Calculations of equilibrium and fractional crystallization of
S-saturated and S-undersaturated magmas neludi 0]
35 in the Fe/Ni ratio in silicate melts, femic minerals
= (+Fe-T

oxides) proportions for multiple-saturated minerz

e T

e —

assermblages,

COMAGMAT 5 COMAGMAT 3

Caleulations of equilibrium and fractional crystallization of S-saturated and Calculations of equilibrium and fractional crystallization for dry and

S-undersaturated magmas, including changes in the Fe/Ni ratio in silicate hydraus natural magmas in the range of pressures fram 1 atm ta 10-12

melts, femic minerals, and coessting sulfides, as well as sulfide-silicate kbar and including both open (12 oxygen buffers) and closed system

{£Fe-Ti oxides) proportions for multiple-saturated mineral assemblages fractionation with respect to oxygen. Simulating formation of layered
intrusicns.

Wiew details »




Cxopactea U pasnuuma sepcumt 3.xx U 5.xx

https://comagmat.web.ru/apps-comaghmat.html

Features

COMAGMAT COMAGMAT
5.X 3.x

Calculations of equilibrium and fractional crystallization of 5-saturated and S-undersaturated

magmas
Improved precision of calculations at low contents of melt components
variable madels for melt oxidation state (Fe<*/Fe" ratio)

Calculations of trace elements partition coefficients

Medeling crystallization at atmospheric pressure

Modeling crystallization at elevated pressures {up to 10-12 khar)
Modeling crystallization in hydrous systerms

Simulation of open (with respect to oxygen) systemns, using fO2-buffers
Simulation of closed to oxygen systems at given Fe'/Fe?” ratio

Simulating formation of layered intrusions

@ 0 o o o0 0 o o o o
e 0 & o o 0 o o 0 o0

Correction for mineral-melt liquidus temperatures




lne B3atb MELTS/pMELTS wu apyrue?

Teaching Petrology and
Geochemistry with MELTS software

Current Applications and Future Possibilities

Paula Antoshechkina, Paul Asimow & Mark Ghiorso.




MELTS/pMELTS u apyrue

What is MELTS (sensu lato)?

» A family of software packages
for modeling phase equilibria
In magmatic systems
> Berman 1988 based database

> Published solution models for
solid phases (& water)

> Various liquid calibrations
(MELTS, pMELTS, ...)

» MELTS uses minimization of
total free energy (for PT) or
rather than solving for
coincident tangent planes

» GUI and text-based versions

From Ghiorso 1994,
GCA 58, 5489-5501

divivion &f
& SCIENCES




MELTS/pMELTS u apyrue

The MELTS family continued

» All MELTS software has
capability to do
> Prescribed P-T paths
> Adiabatic (isentropic)
> Heat-balanced (isenthalpic)
> Constant volume (isochoric)
> ‘Find Liquidus’ or ‘Phase diagram’
> fO, constraints ~
> Output includes compositions,
thermodynamic data...
» Suitable for e.g.

> Fractional / batch crystallization
and AFC

> Mantle melting, melt extraction...

oRN

S
%
§ L
L]

o
=

» Known issues and limitations From Ghiorso 1994,
> See e.g. Hirschmann et al. (1988) GCA 58, 54895201




COMAGMAT B cpasHeHuu ¢ MELTS

Sasrval ot Peroeiogy, NS, Vel 9, e 1 0-300
22 FLIA N rakigat gl

Bamumrd dozrsan Pl woan Sz 1 bl wes S0
Driginal Arich

JoURMAL OF
PETROLOGY

The COMAGMAT-5: Modeling the Effect of Fe-Ni
Sulfide Immiscibility in Crystallizing Magmas
and Cumulates

Alewey & Ariskin'*®, Kiridl &. Bychkoy", Georgy 5. Nikolaew® and

Temperuture, *C
Galina 5. Barmina® -t

|
. o i ] sl
Gaparizani of Perolagy, daeos Sixw Urrermly, Ueisshe Bery 1, bescow 11900, Soenx; “Vernsduiy \ L i} 12000,
iramasy, Eewygn 5T 1%, Macors 1 7898Y, Aam A
= THEE T 00N Fae: + T45S-T08 338, E-rrumils 5 rimcierarrcelarra

23, i
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nEs mine al-mai 1 for chyvins, hghCn oy -, arsd oriho-
EyTOECE wi 1 i L. iy are wEh B ty propossd Fe=Md nulfcs
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e wred frorm s Compies in Sk dlvice.

Bay worde s ynamss modekng OO AT; = cry woitice e

INTRODUCTION mn e ‘wafcs version” of the COALAGMAT-S meges

Fha thermcoyramic sspact o the gersic mconEiroc-
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Fig. 2. Experimental and modeled sequences for eguilibriom
crystallization of the high-Myg andesite 88=£1c (Grove =t o,
20030 af P= 1 @ and OFM. The dashed ines represent axpern-
mental iguidus femperatures for olivine, oibhopyrossmns, amsd
climopyroxens & plagioclase. (&) Caloulations wusing the
COMAGMAT-5.2 model were conducied without cormechions
for the modeled mineral temperatures and using small term-
parature shifts with respect to the ohginal calcolsted values
{=108C for olivine, -12¢C for plagiocless, -3C for high-Ca pyr-
oxene, and +5C for oefthopyroxens], see oplion 45 n
supplementzry Data Electranic Appendix 2 {Fart 4). For com-
parison, nesults of simolatiors by COMAGMAT-3.72 are
shown. Both modeds wene downloasded from bitp:iigeoseb.my
~-ariskin/soft. himl-id=comagmat.hitm. &l crystallization trapec-
fories wenn consiructed with crystalfzation increments from
0-E% up to B0% crystallized. The compesition of the HMA s
fistad in Tabds Z. (B} MELTS calkulations (Ghicrso & Sack,
1996) were carmied out wusing the Adiaba_iph wersion 1.8 run
ey an EXCEL-based fromt-end wsing a shell commmand [deved-
aped by J-l Kimuora, JAMSTEC, Japan), whereas pMELTS
{Ghiarso & &, 300F) and RMELTS (Gualda et al, 2073} codes
were downloaded from hitpgfmels ofme-ressarch omgionioc
himi The MELTS orystalfization trapectory was modeled with a
104C termperatune increment in the T300=1000°C range; caloula-
tions using pMELTS and BMELTS were carried owt in the
1285=-1000"C range with a B'C temperature increment. The cal-
culaticns using pMELTS and RAMELTS resulted in a wide fiedd
off spanel [wnth onset of crystallizatson I:-|:rn|:i:ral:urr.': of 118rPC
and 12300°C., correspondinglyl, not shown in the Figure Th
phots. & complete sanes of EXCEL-files including results |:-'f1h|:
modeling is avaidable upon request from the awthors.
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komekmuku PI-Ol

J1.B. laHrowesckuu
(TacmaHutckul yH-m, Aecmparius)




O6ocHoBaHMe MeToAa “OnyxaaHna Bo3re KOTeKTUK”
(1982-2011)

1982 FTEOXHMHAHA

YK 550.89
MOIEJUPOBAHUE ®PAKIIMOHHON KPHCTAJIJIM3AIIHMHA
OCHOBHBIX CU/IMKATHBIX PACIIVIABOB HA 2BM
,-’].PH[TKHH A. A, PPEHKEJB M. A.
Ha ocHOBanHK JHTEpaTYpPHHX AaH] -L}aMgSigt}

nmocTpoeH aaropHTM pacuera Ha IBM
HBEIX CHJAHKATHBIX PacljaBoB I:l'l[)]]ﬂllf.]

6

IHAXCS MHHEPaJOoB, COCTAB pacmniaana,
B 3aBHCHMOCTH OT CTeneHH (ppakiuHOH
4eT TpaeKTOpHH (PaKUHOHHOH KpHCTA.
KMX no cocrasy Oasanpram. Pesynbtar
LA KOJHYECTBeHHOH OHEHKH BJHAHHS
poCTh (PAKUHOHHDOBAHHA MKHIKOH H 1

NOpUHH KPHCTANIH3AIHE H TeHIEHIHH 3

lMpumep “6nyxdaHus’”
okosio komekmuku Di-Pl
(ApuckuH, 1985)




[Mpobnembl NPON3BOSILHOIO BbIOOpPA reoTepMoOMeTPOB
B nporpamme PETROLOG

Mineral-melt models

Select models for calculations: | 1 Fl-l:ll cakeckic
Madel |P {w |Tr | o e peen

PR Mineral Mode| W Tr
fietsen 1505 Olivine Baattie, 1993 c Y
e 00 Plagmoclase Weaverdlangmuir, 1990
Stk ok ., 1955 Clinopyroxens  |Darushessky, 2001
Beattis, 1993 E Crkhopyroxene  |Bolikhowskaya et al,, 1995
HerzberalO'Hara, 2002 F'igeﬂnxe Flr":_l-gg t|:| SEIE'CI.-
JEutey S {ck) Shiree| Ariskin 2 Mikolasy, 1996
Putirka, 2005 {C-D)
Imenite Press to Select
Maognetite

Ariskin et al., 1993

[ Use kd For composition

B cnyyae npou3eosibHO20 ebibopa
2e0/mepMomMempoe (0CHOBaHHbIX Ha Pa3HbIX
MOOe/IsSIX aKmueHOCMU KOMITOHeHMOo8 pacrisiasa)
3mo ycJsioeue Hapywaemcsl

3akoHbI mepMoOuUHaMUuKu
mpebyrom 8bInosiIHeHuUe ycro8us
(Ghiorso, 1987)

T>P>nk¢i

HapyweHue amux coomHoweHuUl o3Ha4aem, 4mo
yHKUUSI c80BOOHOU 3Hepauu He oripederieHa 80
gcem duaria3oHe cocmasos

Heob6xo0umocmb KOHMpPOJISI pacyemos C
nosicHeHUsIMU apmedgakmoese




MOCKOBCEKHMH FrOCYIAPCTBEHHRIHN YHUBEPCHTET
wsenn M.B. MOMOHOCOBA

FEQMOTHYECKHH ®AKYIIBTET

Ha npasax pyxonucn

Brrysos Iaurpui Anekceenny

[Mporpamma KpuMunan n nabop KOMOOIHTOMETPOB: HHCTPYMEHTE 714

MOTEMTHPOBAHNA PABHOBSCHA CHITHEATHBIN paACHNAB = MHHEPATHI

Cnegnansiocts 164 — Munepanorns, kpucrannorpadhus.

I.—CU.".H.'H.HH. e AMMAYECKHE METOOL! ITOHCKOE NOMEIHLIX HCKONQEMBIX

ABTOPEDEPAT
AMCCEPTALMH HA COMCKAHNE Y4EHOM CTENEHN

HKAHIUOATA rediiono-MEHCPATOrHHMECKHY HAVE
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