NMPUMEPbBI UCTOJIb3OBAHUA
MOLEJIN KOMAIMAT

PaccnoeHHbIe UHTPY3UBLEL U ByJIKGHUYECKUe cepum




WINDOWS BEPCUA MOAEJIN KOMAIMAT

A COMAGMAT-3.53 ISl [ comagem:

File Edit
File Edit Process Help 502 [Tioz_[AR0z [Wez0_[kz0 [czoz [Lol [Sample =]

rSelect deli ———————————————— Simulati ffect of _ . | 5780 [1.80 1390 199 144 009 000 12
e (LTI (ISR IS Number of start compositions I'I =i %30 208 1370 23 1A D10 aoo 110
5270 256 1330 10 ] . 197 264 002 000 1089

= Thermometry of Mineral-Melt Equilibria & lzabaric crystallization : .
v a ¥ —Specify Data Files £1.00 1330 142 224 007 000 1072

#* Simulating Equilibrium Crystallization; " Increasing pressure routing
Major element contents |@|

(~ Simulating Fractional Crystallization = Decompression crystallization

("~ Simulating Layered Intrusion Formation Total pressure [P kbar] 0o Trace element contents |@|

Imlmlwlm o

=

o

I axim pressure [Pro.kbar) 10.0

—Trace element information includes:

=}

=

Distribution coefficients |@|
+ Melts " Selected mineral (O]

m

@

Mineral-Melt geothermometers  »» |@|

=

—Minerals —Simulating redox conditions

@

3

% Olivine " Magretite " Clozed system [Fe2+/Fel ratios) Cormrection of model temperatures > |@|

™ Plagioclaze = limenite " Open system [osygen buffers)

= Pigeonite i Orthopyrozene - DOxygen buffer parameters 33 |@|
 Augte ¢ Constant  Wariable

Main oxpgen buffer g Parameters of intruzion process >> |@|
—Solving equilibrium problem at given———— Given Igf02 - shifting 0.00

Crystallization increment 1 2 upto B0 X M cxon H b I e co CTa B bl
e et ol el =2 e

@ Mn, Ni, Co, Cr, Sc,% , %1, Ba, Rhb, Cu Temperature convergence, G | FiE

" La, Ce, Nd. Sm. Eu, Gd, Dy, Er, b, Lu Phase compastions, mol.% Select composition Melt Composition

# ﬂ Mol [ Temp,C [ Dens | 5i02 | Tio2 | 4203 [ Fe0 | MaD | Cad | Ma20 | K20 | P205| H20 | FesMa| Caitl| Fea/Fe| 0=
42 11095 260 71 210 1385 1152 368 719 233 1819 0000 0000 3243 0519 0843
3 0 1072 280 5753 211 1334 1150 348 709 2356 1.836 0000 0000 3249 0519 0648

N

—Simulating trace

H20 content in model system, wt“l

|Simu|ating Equilibriurn Crystaliization #4 ﬂ 0 11051 260 5767 212 1403 11.48 338 693 2377 1.853 0000 0000 3335 0503 0848
1035 280 5775 213 1407 11458 331 691 2383 1.863 0000 0000 3423 0498 0847

) _ 0 11024 253 5782 214 1407 1150 326 EA3 2392 1886 0000 0000 3496 0431 0847
Select data-table with calculating results 0 11014 253 5789 216 1407 1153 322 675 239 1903 0000 0000 3554 0485 0847
Phase proportions | Cpstalization proportions 0 11003 253 5796 217 1407 1155 317 G667 2393 1921 0000 0000 3614 0480 0847
HMuMan M3auMﬂ Melt compasitions | Kd 0 10992 253 5803 219 1407 1156 312 653 2402 1939 0000 0000 3676 0474 0847
. . ot 0 10930 253 5311 220 1408 1157 207 G52 2405 195/ 0000 0000 3740 0469 0847
?'”e'alsl°°mp°s.'“°;3'm7"/°'Wt'/°UE 0 10963 253 5813 222 1408 11.53 302 544 2408 1.975 0000 0000 3805 0463 0.846
napaMeTPOB PG S g S 0 10957 253 5826 223 1407 1160 297 537 2407 1934 0000 0000 3871 0457 0846
Trace elements in Qlivine, ppm or C/Co 0 10346 5834 1406 1162 2407 2014 0000 0000 3934 0452 0846
1093 4 5842 1406 1163 2406 2033 0000 0000 3998 0447 0846
10923 253 G350 228 1405 1164 284 E14 2406 2054 0000 0000 4064 0442 0846
10911 258 E8ER 230 1405 1165 270 G05 2405 2074 0000 0000 4131 0437 0845
: 10900 258 GRE7 231 1405 1164 274 593 2406 2035 0000 0000 4200 0431 0845
et gt ) 0 10885 253 5876 233 1405 1164 270 590 2406 2117 0000 0000 4273 0425 0.845
1087.7 258 G885 235 1407 1162 265 583 2407 2139 0000 0000 4348 0420 0845
Sequence of Ciystalization 1086.5 58.95 1408 1161 2408 2162 0000 0000 4424 0414 0844
- Total Solid/Melt Mades 1085.3 5405 1409 1153 2409 2185 0000 0000 4601 0408 0844
1084.2 53.15 1410 1158 2411 2209 0000 0000 4581 0402 0844
N 10833 | 257 (5942 | 237 1410 1138 2 54 2411 223/ 0000 0000 4663 0396 0843
eSSt o e oposition 0 10825 257 5954 235 1411 1125 242 547 2414 2260 0000 0000 4547 0393 0842
- Liquid Lines of Descent for Major Elements 0 10817 256 5986 234 1413 1111 2 40 2415 2287 0000 0000 4675 0387 0842
-~ 5i02 10809 £0.08 1414 1093 247 2314 0000 0000 4703 0382 0841
- Mgl & Fel 1080.0 £0.31 1416 1084 2ME 2341 0000 0000 4731 0377 0841
Call & AI203 10791 G054 1417 1070 2419 2370 0000 0000 4760 0371 0.840
. Call/A203 & FeOMa0 1078.2 B0.78 1419 1056 2420 2339 0000 0000 4783 0366 0839
PesyanaTbl pacquOB - Ti02 4 P205 .0/ 1077.3 | 254 | 61.02 | 225 | 14.20 | 10.41 | 2 .03 2421 2423 0000 0000 4813 0360 0.833
0 10763 254 G127 223 1422 1026 2 96 2421 2460 0000 0000 4850 0355 0838
Ma20 & K20 crie G S rCmET.ET o T T W= W B T T N Ky TN
[#- Mineral Compositions in terms of Temperature j T

- Owpgen Fugacity




SOME PETROLOGICAL APPLICATIONS

GeOChemical thermometry UT-04: Ol (1443:C) - Aug (1233°C) — Pl (1174°C),

UT-08: Pl (1332°C) — Ol (1231°C) — Aug (1164°C),

H EC-10: Ol (1385°C) - Aug (1199°C) — PI (1187°C),
of marginal rocks from the MEOLS: Py O (To48E) -y A 1161

KT-47: Ol (1346°C) — Pl (1191°C) — Aug (1189°C),

SKaergaard intrusion EG4507: Pl (1242°C) — Ol (1225°C) — Aug (1163°C).

Modeling the formation of
ferrodiorites from the Chazhma

sill, Kamchatka

Modeling polybaric fractionation
of MORB glasses from Mid-Atlantic
Ridge

Modeling the generation of high-Al
basalts from the Klyuchevskoy volcano,

Kamchatka




METHOD OF GEOCHEMICAL THERMOMETRY

Samples of OI-Pl cumulates The method was
designed to

extract genetic
information as
“recorded” in the
whole chemistry of
cumulus rocks,
such as the
temperature, inter-
cumulus melt and
mineral compositi-
ons, and the initial

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

Rock 1 (enriched with OI) )
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Same liquid
composition

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,
n.d.

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

48.08
1.17
17.22
9.63
0.16
8.62
11.38
2.37
0.25
0.10

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

MEO-18:

KT-47:

Ol (1443°C) — Aug (1233°C) — PI (1174°C),
Pl (1332°C) — Ol (1231°C) — Aug (1164°C),
Ol (1385°C) — Aug (1199°C) — PI (1187°C),
Pl + Ol (1248°C) — Aug (1161°C),

Ol (1346°C) — Pl (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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modeled liquid lines of descent Qi 2oy Tio, | 168
demonstrate a closing together I 7 2000
and intersection near 1165°C. PA C5F ey 1500-

UPPER AlbO; [ 12.95
ZONE

FeO 13.24
MnO 0.19
MgO 6.90

This intersection is consistent with oyl o CaO | 12.40
Al b Na,O 2.37

the premise that the selected rocks S Ly | o
were mechanical mixtures of —_—— 5! 55 P | 015
cumulus crystals plus a trapped

melt.
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LAYERED SERIES

Results of Geochemical Thermometry

Average liquid composition

representing this cluster of six
evolutionary lines at 1165°C is : F Ko
considered to present a probable a5 %0 %5 6 0 2 T s 335 5 1015 30 28
initial melt composition intrinsic to \ ! Experimental data

* Hoover, 1989

the original crystal mush from , ' ' "COMAGMAT model

which the contact rocks have been ' ‘ R o I
crystallized. |




KAMCHATKA

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 | = Fractional
= == Equilibrium

iron with increasing — T — T
silica content. 12 11 10 9 8 -7 -6

15
The presence of Magn i
crystals indicates these
trends were originated
due to the fractionation
of magnetite-bearing I
assemblages f.rom same 12 A1 -0 9 -8 Iongés Si0%, with
basaltic andesite parent.

Finally, simulations near NNO buffer were carried out to accurately reproduce
the iron-silica relations observed in the Chazhma suite.




MODELING POLYBARIC FRACTIONATION OF MORB GLASSES

The tholeiitic compositions form
two evident clusters that could Hole 332
indicate of two different tholelitic
magmas fractionating Cpx at a
depth.

CaOJ/AlO,
o
co
o
I

In attempt to understand this
diversity, we carried out a set of A o Glasses

& Inclusion in Spin
® Inclusion in Oliv

o

o))

o
|

polybaric calculations simulating
fractionation at low to elevated
pressures for a proposed high-
magnesia parental basalt.

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.




chlcamc Zones

SR - Sredinny Ridge

g KLYUCHEVSKOY'S GROUP

] EVF - Eastern Volcanic

% 4 - I OF VOLCANOES
Euarasia o e i (KamChatka, RUSSia)

-, '
Plate / .Shiveluch =~ Shirshov Ridge

KIyuchevskgy. -
" Bea{minm:y'

Ichinskii

L T N
e

extinct volc. Kamen' (40-50ka)
high-Al basalts-andesites

P:r:c;g'-ﬁc'r
Plate

Klyuchevskoy:
basalts

5 Colrah b wole. K{vkc‘hevsk:c-vyl .(age. 7ka)
Kamen: e ' s ‘ k!gk—Mg to hlgh-Al ba.salta i A

basaltic andesites

Bezymianny:
andesites




MODELING THE GENERATION OF HIGH-AL BASALTS
from the Klyuchevskoy volcano, Kamchatka

Al203, wt%
20

W %

RS High-Al basalts

H

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% AIl,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

Koy At .t_he. pressures more than 8 kb_ars

@ High-Mg basalt equilibrium crystallization of the high-

magnesia parent results in the alumina

T 88 RN 20 00 enriched liquids. However, the modeled

S trends do not provide an adequate

— match with the observed CaO-MgO
8 10 trend.

12 kbar

4 kbar

1 atm

I I

l
6

[
4

A possible explanation of these
discrepancies is to link the formation of
the observed suite with decompression
Rl fractionation of the parental high-
magnesia magma containing small but

8 10 12 significant water.
MgO, wt%

20 kbar




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

These chemical
Ca0 trends can be
153 19.3kbar produced by ~40%

i 11.4 & i .
I W fractionation of the

e Klyuchevskoy basalts Ol-Au g -S Y -0 ¢ _
— COMAGMAT model assemblage during

S ascent of the magma
L over the pressure
range 19-7 kbars.

This is consistent

—— ’ with the decrease in
the temperature from
1350 to 1100°C,
with ~2 wt.% of H20
In the initial melt.

110 1197 1273 1351°C




PROPOSED EVOLUTION OF THE MAGMA PLUMBING SYSTEM
for the Klyuchevskoy volcano

Eruptive activity

Degassing and abundant plagioclase crystallization
MAGMA MIXING

180 55 29 35
173 63 27 30
166 7.1 25 25
159 81 24 20
154 87 23 15
148 95 22 10
144 104 21 5
139 116 20 0
AlLO, MgoO H,0%  ©%

FRACTIONATION

Crystallization sequence Melt composition




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

MAINMENU.DAT DICOEF.DAT 5 e
l J [ ] Set Number of initial Compositions

[ oxvBUF.DAT | [ MINERS.DAT | Define Trace Elements

[ commaDAT | [ CORRECDAT | Isobaric Fractional Crystallization
P = 5 kbar, QFM buffer, H;0=0.2 wt%

| COMTRA.DAT ” INTRUS.DAT ]

|

SOLUTION OF THE EQUILIBRIUM PROBLEM
THERMO: Thermometry of Mineral - Melt Equilibria l

4

| PHASPRO: Calculate Phase Proportions

|

INFORM: Store Equilibrium Information at given crystallinity ¢, 20

|

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 v — % |— Yes
T-X iterations +«No=|¢_ =0, —[

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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