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COMAGMAT 5

Calculations of eguilibrium and fractional crystallization of
S-saturated and S-undersaturated magmas, including
changes in the Fe/Ni ratio in silicate melts, femic minerals,
and coexisting sulfides, as well as sulfide-silicate (+Fe-Ti
oxides) proportions for multiple-saturated mineral
assemblages.

COMAGMAT 5

Calculations of equilibrium and fractional crystallization of S-saturated and
S-undersaturated magmas, including changes in the Fe/Ni ratio in silicate
melts, femic minerals, and coexisting sulfides, as well as sulfide-silicate
(+Fe-Ti oxides) proportions for multiple-saturated mineral assemblages.
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v Geochemical thermometry UT-04: Ol (1443°C) > Aug (1233°C) —> PI (1174°C),
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of marginal rocks from the ME-15: Pl OF (14356 s A (1161°C)
KT-47: 0l (1346°C) — PI (1191°C) — Aug (1189°C),

S kae rg aa rd i ntru S | on EG4507: Pl (1242°C) — Ol (1225°C) — Aug (1163°C).
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Kamchatka




MopenmpoBaHue cepvum oT

BbICOKO-Mg A0 BbiCOKO-AI

6azanbToB KnroueBCKOro
ByJikaHa Ha KaMuyaTke




Volcanlc Zones:
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MODELING THE GENERATION OF HIGH-AL BASALTS
from the Klyuchevskoy volcano, Kamchatka
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High-Mg basalts
10 MgO, wt%

The volcanic edifice consists of numerous basalt lava sheets and pyroclastic
materials, ranging continuously from high-Mg basalts to high-Al basalts
containing at least 18% Al,O,. The proposed genetic link between high-
magnesia and high-alumina basalts includes the removal of mafic phases,
principally olivine and augite.




MODELING OF THE THE ISOBARIC FRACTIONATION PROCESS
at unhydrous conditions ranging from 1 atm to 20 kbars

At the pressures more than 8 kbars

O Hian Mo ot equilibrium crystallization of the high-
magnesia parent results in the alumina

B e NN enriched liquids. However, the modeled
< trends do not provide an adequate
match with the observed CaO-MgO

12 kbar

_| 4 kbar

1 atm

[
4 trend.

A possible explanation of these
discrepancies is to link the formation of
the observed suite with decompression
COMAGMAT fractionation of the parental high-

magnesia magma containing small but
significant water.




THE OPTIMAL MODEL OF THE DECOMPRESSION FRACTIONATION
for the high-Mg magma of the Klyuchevskoy volcano

These chemical
CaO trends can be
- 11y 153 __193Kbar prodl_Jced t_)y ~40%
! W fractionation of the
] e Klyuchevskoy basalts Ol-A4 ug -Sp -Op 25
— COMAGMAT model assemblage during
T ascent of the magma
ECIa over the pressure
range 19-7 kbars.

This is consistent
with the decrease in
the temperature from
1350 to 1100°C, with
~2 wWt.% of H20 in
the initial melt.
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KAMCHATKA

saaznne |

Taking tea among layered
diabases of the Chazhma sill
(Eastern Kamchatka, 1982)




MODELING THE FORMATION OF FERRODIORITES
from the Chazhma sill, Kamchatka

This intrusion is
composed of
differentiated rocks
ranging from high-Al
diabases to diorites
and granophyres.

The diorites make up a
large number of fine-
grained leucocra-tic
layers embedded
between massive
more dark diabases.

These observations allowed us to conclude that there were no large scale mixing
between these two magmas. This leucocratic material was probably injected into
the main magma body simultaneously with, or just after emplacement, as the body
began to crystallize.




MODELING THE FORMATION OF FERRODIORITES
from the Chazhma sill, Kamchatka

Geochemical studies
have demonstrated that
the compositions of
Chazhma layers display

. COMAGMAT modeling
a trend of decreasing | " —— Fracional
iron with increasing silica — Equilibrium
content. 42 11 10 9 -8 -7 -6

A Leucocratic rocks

The presence of Magn e Pldiabases
crystals indicates these
trends were originated

due to the fractionation
of magnetite-bearing 5+ T T T T
assemblages f_rom same 12 11 10 -9 -8 |o§7foia Sigg, wtz/g
basaltic andesite parent.

15

FeO, wt%
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Finally, simulations near NNO buffer were carried out to accurately reproduce
the iron-silica relations observed in the Chazhma suite.
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MODELING POLYBARIC FRACTIONATION OF MORB GLASSES

The tholeiitic compositions form
two evident clusters that could Hole 332
indicate of two different tholeiitic
magmas fractionating Cpx at a
depth.
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In attempt to understand this
diversity, we carried out a set of o Glasses

. . . . X < Inclusion in Spin
polybaric calculations simulating @ Inclusion in Oliv
fractionation at low to elevated
pressures for a proposed high-
magnesia parental basalt.

o

o))

o
]

The results evidence for the diversity of tholeiitic glasses has been derived from
same precursor, with these two compositional groups being different in the depth
of the fractionation process.

A part of these melts has been originated near 6 kbars, whereas the majority of
the glasses indicate of low pressures crystallization at the depth of 2-3 kbars.
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CONVECTIVE-CUMULATIVE MODEL SIMULATING THE
FORMATION OF DIFFERENTIATED SILLS FROM
THE SIBERIAN PLATFORM
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DEVELOPMENT OF “INTRUSION” PROGRAM AND FIELD STUDIES

START COMAGMAT PROGRAMS

Read Data Files Initialization of Model Parameters
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}

SOLUTION OF THE EQUILIBRIUM PROBLEM

|THERMO: Thermometry of Mineral - Melt Equilibria |
A }

| PHASPRO: Calculate Phase Proportions

INFORM: Store Equilibrium Information at given crystallinity ¢, >0

!

SUBROUTINE DYNAMICS (THE INTRUSION PROGRAM)

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

Correct precision of 9, =™ |— Yes
T-X iterations g & I

l EXIT: Printing out Thermodynamic Information

on the Modelled Crystallization Trajectory and
(if use INTRUSION program) Geochemical
Structure of the Modelled Intrusion Body

Integration of physical constraints
into the COMAGMAT model
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METHOD OF GEOCHEMICAL THERMOMETRY

Samples of OI-Pl cumulates The method was
Rock 1 (enriched with Ol, A

designed to extract
genetic information
as “recorded” in
_ osssies the whole
ﬂﬁgﬁ ﬁﬁmﬁ %ﬁiﬁ S chemistry of
A Samelliglid cumulus rocks,
composition such as the
temperature, inter-
cumulus melt and
mineral compositi-
ons, and the initial

modal (i.e. phase)
Rock 2 (enriched with Pl) MgO in the melt proportions.

Method of geochemical thermometry is accomplished by means of computer
modeling of the course of equilibrium crystallization for a set of rocks that assumed
to have contained the same intercumulus liquid composition.




GEOCHEMICAL THERMOMETRY OF MARGINAL ROCKS
from the Skaergaard intrusion

COMPOSITIONS OF THE MARGINAL ROCKS

Compo-
nents

Primitive cumulates [Hoover, 1989]

Chilled
gabbro

UT-04,
d=2.5

UT-08,
d=8.5

EC-10,
d=1.0

MEO-10,
d=3.0

KT-47,
d=6.0

EG4507,

SiO;
TiO,
Al,O;
FeO

44.65
0.69
4.88

14.16
0.24

23.61
9.15
0.81
0.03
0.00

48.38
0.60

20.91
7.19
0.10
7.06

11.79
2.61
0.17
0.03

46.92
0.63
9.36

12.84
0.10

17.22
11.14
1.22
0.04
0.02

47.45
0.40
18.32
9.49
0.15
9.83
10.40
2.36
0.06
0.00

48.19
0.81
11.37
11.04
0.19
14.53
11.60
1.78
0.13
0.08

uT-04:
UT-08:
EC-10:

MEO-18:

KT-47:

Ol (1443°C) — Aug (1233°C) — PI (1174°C),
Pl (1332°C) — OI (1231°C) = Aug (1164°C),
Ol (1385°C) —> Aug (1199°C) — PI (1187°C),

Pl + OI (1248 °C) — Aug (1161°C),

Ol (1346°C) — PI (1191°C) — Aug (1189°C),
EG4507: Pl (1242°C) — Ol (1225°C) — Aug (1163°C).

These rocks belong to
the Marginal Border
Series of the Skaergaard
intrusion.

All of them were selected
within 10 m from the
intrusive contact and have
no any record of parental
magma fractionation.

The results indicate a wide
high-temperature field of
Ol for high-magnesia
samples and an early
crystallization of Pl for
aluminum enriched
compositions.
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The Skaergaard intrusion ot 1165°C
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and intersection near 1165°C. VA €51 e o T

UPPER AlLO3 [ 12.95
Fiurs FeO | 13.24

MnO 0.19
&[aMIDDLE =
a[s ZONII_E (10 MgO 6.90
CaO 12.40

This intersection is consistent with 1o e gl 100
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LAYERED SERIES

Results of Geochemical Thermometry

Average liquid composition

representing this cluster of six
evolutionary lines at 1165°C is D siod % 1o, ] £ Ayo,
considered to present a probable o g g o N 0 T e B % & 1015 % s
initial melt composition intrinsic to ] , ] Experimental data

e Hoover, 1989

the original crystal mush from | , . o McBimey & Naslund, 1990
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—  Other samples
crystallized.
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METEOMOD: A numerical model for the calculation of melting-
crystallization relationships in meteoritic igneous systems

A. A, ARISKIN'*, M. . PETAEVZ A A. BORISOV! AND G. 5. BARMINA!
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Abstract-The METEOMOD model is a computer program designed to calculate melting-crystallization re-
lationships in igneous systems compositionally similar to ordinary chondrites and basaltic achondrites. The
core of METEOMOD is a set of empirically calibrated equations, called geothermometers, which describe
equilibria between silicate melt and minerals such as olivine, orthopyroxene, pigeonite, augite, plagioclase, and
metallic Fe in terms of pressure, temperature, and liquid compositions. The silicate mineral geothermometers
are calibrated from a database containing the compositions of melts and minerals produced in melting experi-
ments on 113 meteoritic and 141 synthetic systems. The metallic iron-silicate melt geothermometer is cali-
brated from a database of 396 melting experiments.

The Meteorite Melting Model or METEOMOD calculates crystallization temperatures and contents of
major end members in mineral solid solutions with accuracies of +10-15 °C and =+ 1-2 mol%, respectively.
Input parameters for the program are (1) increment in crystallization degree; (2) one of 12 f, buffers rou-
tinely used in petrology; (3) shift from the buffer in log units, if any; (4) a choice of equilibrium or fractional
crystallization trajectory; (5) terminal crystallization degree; (6) contents of ten major elements in wi%; (7) a
set of minor and trace elements in parts per million; (8) the number of initial compositions to be modeled in a
single computation run. The output consists of a series of tables that list equilibrium temperatures, O fugacities,
and proportions of melt and minerals and their compositions, as a function of the degree of crystallization.

The results of application of METEOMOD to modeling of melting-crystallization of the St. Severin LL
chondrite are compared with the experimental data of Jurewicz et al. (1993).




CosepuweHcTBOoBaHUe 3BM-mopenu METEOMO[:
npumMepsbl HTepPdencoB HOBOU BepCUMN Moaenu

BaXXHbIM MOMEHT KacaeTcH
BU3yanuM3auuum u
nocneayowen oopadboTku
pe3ynbTaTtoB pacyeToB.

47.00
46.20
43.40
47.90
46.00
45.60
44.90
4590
4410
4320
4557
41.40
42.00
42.00
41.90
46.70
45.70
46.60
46.80
46.20
46.90

am
471
360
751
11.80
11.20
10.40
10.20
355
386
368
344
360
329

composition editor

(2 METEOMOD
File Help

rSelect a modeling process-

* Th try of Mineral-Melt E quilibria;

¢~ Simulating E quilibrium Crystallization
(= Simulating Fractional Crystallization
[~ BLF Crpstallization

rSolving equilibrium problem at given—

Crystallization increment 1 % oupto B0 X

rSimulating trace elements in melt

Mn, Ni, Co. Cr. 5c. ¥ . 51, Ba, Rb, Cu,
La. Ce. Nd. S5m. Eu. Gd. Dy. Er. Yb. Lu

rSelect mineral for mineral-melt equilibria-

 Metal
= Magnetite

(" Pigeonite
" OPx
" limenite

(" Plagioclaze
& Olivine
" Augite

L e e e = e e =

METEOMOD-0.01 :: Oxygen Buffers

1 Simulating effect of p

=10l x|

L

{* |zobaric crystallization

Init. pressure [P kbar) oo

rSimulating redox conditions

Init. axpgen buffer QFd
Given Igf02 - shifting 0.00

Dxygen buffer parameters

rSpecify Data Files-

of start positions

| @

Major element contents >3

Trace element contents >

2

Distribution coefficients

Mineral fractional coefficients

rPrecision of calculations

Temperature convergence, C 0.5

Fhase compositions, mol. % 0.25

rCalculating Fe3+/Fe2+ equilibrium-

(+ Sack et al [1930)

(" Borizov [1929)

BLF crystallization

Starting calculations >>

3

Bulfer _1.51 152

153 iName

Arbitrary Buffer:

[ E.471 -26834.7
Ryl 16.092 369513
1M 8.930 -29260.0
tH 13.480 -23847.6

IGF E£.336
MO 9.360
CCo 7.936
M0 5.471
COC:5 2740 -19553.0
COC<5 -0.044 -20586.0
ARB -10.000 1.0

QFM' - selected oxygen buffer

-27517.5
-24330.0
-25070.0
-26334.7

(== bt ) (n ) (g I B (RN (SN o ==

0.085 b perz. Eugster, 1983
003 M perz. Eugster, 1983
0081 Huebher 1.5..1971
0.9 b yers Eugster 1983
|0.05z
M perz. Eugster, 1983
Huebner J.5..1971
hyerz. Gunter. 1979
= lgf02[Iw]-1
"Woermann et al. 1977
French B.H.. 1966
Arbitrary Buffer

ou can specify pour ovn oxpgen buffer

Igf02=al0+al/TK+a2=[P.bar-1)/TK
A0 -10.000

Al 1.0

A2 0.000

zave changes »»

Moaenb METEOMO/[] Bknro4yaeT BO3MOXHOCTb 3KCNOpTa pe3ynLraTtoB
BbIYNCJIEHUN B COBPEMEHHbIE peAaKToOpPbl 3NEeKTPOHHbIX Tabnuy n
nporpamMmmbl noctpoeHuns rpacdukoB (Bknrodasa EXCEL).
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Pe3ynbTaTthl MOAenupoBaHUA KpucTtannmsaumm TPOKTONMMTOB
U AyHuTa 724215

MopaenbHble NMMHUK
3BOJIIOLMUN NMOKa3bIBaAIOT, YTO
npu T~ 1300°C
TPOKTONMUTOBbLIE pacnnaBbl
chopMUpyrOT KOMNAKTHbIE
KJflacTtepbl, COCTaB KOTOPbIX
MO>XHO OLIeHUTDb, OnlﬂpaﬂCb Ha

Temnepatypa,“C

P
=—=- EYHHT 72415

COCTaB OJINBMHA.

O

L
o
3
o
o
o
=
=
@

JBONOLUUA cocTaBa
OJIMBMHA

3aBucumocTu
cocTaBa
OCTaTOUYHOU
XXNOKOCTU OT
TeMnepaTypbl

Fo, mon.%

o
=

CupeHeBbIN NYHKTUP — 5 10 15 iD § 10 15 I 35 3 35 40 45
pacnjiaBbl AYHUTA Fel, mac.% MgQ, Mac.t
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PROPOSED EVOLUTION OF THE MAGMA PLUMBING SYSTEM
for the Klyuchevskoy volcano

Eruptive activity

Degassing and abundant plagioclase crystallization
MAGMA MIXING

82.0 6 180 55 29 35
173 63 27 30
166 7.1 25 25
15.9 81 24 20
154 87 23 15
148 95 22 10
144 104 2.1 5
13.9 116 20 0
Al,O; MgO H,0%  ¢%

FRACTIONATION

Crystallization sequence Melt composition




