Tema 3aHaTUU (nexkumm Ne 6-8):

$PAKLUMOHNPOBAHNE
BA3AJIbTOBbIX MAI'M



nekuyma Ne 6:

KoHuenuua ¢ppakumoHHOU
KpUCTANMU3aumm UCXOoAHOU MArmbl
U NpocTeuvlliue mopaenu
(PPAKLIMOHUPOBAHUA



OnpepeneHuns “nepBnUYHON” M “poauTeribCKON” Marmbl

Si0;z, TiOz, wenoywm
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TMepeuuHas
marma

Temnepatypa

UcxoaHou unu poaoHa4vanbHOU
(parental) HasbIBAETCA MArma,
npu AudpgepeHLUUaLmMm KoTopou
CCPOPMUPOBASIACH AGHHAS Cepus
Unu accoumaums
MarmaTu4ecKkux nopoa,

NMpnMnTUBHLIE pacnnaBbl

Pacnnaser, popmupytolpmecs
HenocpeAcTBeHHO B 30He
nnaBneHns MaHTUMHOrO
BelliecTBA, HA3bIBAFOTCS
nepsuYHOU (primary) marmou



maBHbIe NpobnemMbl 0Opa3oBaHUA MarMaTU4ecKmnx nopoa

1. OueHku coctaea U ycnosum Kpuctannusaumm
POAUNTESNBCKUX MArm KAk MCTOMHUKA XUMUYECKOro
pasHoobpa3va NpousBOAHBIX pacnsiasoB
(BepuvBaTos), KOTOpbIE 3aTBEpAEeBaroT C
obpasoBaHUem marmaTudeckux nopoa (¢ opmupys
KOHKpPeTHY+O Ceputo Uam accoymaymnio)

2. Ycnosus obpasosaHua Haubonee
NPUMMUTUBHBLIX - NEPBUYHLIX PACNJIABOB,
SABNAFOLMUXCA UCTOYHUKOM POAUTENBCKUX MArM.



Cocmaesbl pacnaeHbIX 8KJ/I0YeHUU u 6a3asibmoebix J1ae

Knroyeeckozo synkaHa Ha Kamyamke
(OaHHble H.J1.MupoHosa, M.B.l[NlopmHsizuHa u '.FKO.[1ne4oea)

HeTopuuBoHHME HIBEEH EHHA
[mocne 1932 maa)

Oowwun Bng KnroyeBckoro
ByJfKaHa

Mg, mac,%



3asucumocmsb codepxkaHusi Al,O; om MgO e
6a3asibmoesbix 1aeax Knroyeeckoz2o eynkaHa

BbicoKornMHO3EMHCTRIE
BazanbThl
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Cxema xumu4yeckou 3sosnroyuu Knrodyeeckoa2o eyrsikaHa
(ApuckuH u op., 1995)

CaO

19.3 kbar
15.3 o

e Klyuchevskoy basalts
— COMAGMAT model




D,I/IarpaMMbl NMNJ1aBKOCTU AJ1IA NPOCTbIX CUNTUKATHbIX CUCTEM

Anorthite + Liquid

Diopside + Anorthite

L I !
Di 20 40 60 80 An

Wt.% Anorthite

NORMAN L. BOWEN
(1887 - 1956)

Ab 20 40 60 80 An Diopside
Weight % An 1392

Fa 20 40 60 80 Fo
W% Forsterite

(87) Anorthite




[MpUHUMNBbI reHETUYECKON UHTepnpeTaunum
n3BepXeHHbIX nopoa (no boyaHy)

(1) [MosieBoe M3yyeHmne acCONMAIUI TOPOJ ¥ BRIZICTICHUC  (Nol R A TR N

T€HETUYECKH CBA3aHHBIX MOPOJ IO PE3yabTaTam evolution of the
igneous rocks:

MNETPOXUMHUYCCKHUX U TCOXUMHUYCCKHUX HCCHeﬂOBaHHﬁ; :
Princeton, New Jersey,

Princeton University

(2) IlpoBeaeHne IKCMEPUMEHTOB II0 IIABIICHHUIO U
Press, 334 p.

KPUCTAJUIU3AIMH TUIIOBBIX CUCTEM, MAKCUMAJILHO OJIU3KUX
IPUPOAHBIM 00pa3iam;

(3) AHa/Iu3 M0JIeBBIX H METPOJIOr0-re0OXUMHYECKHX JAHHbBIX
NP MOMOIIM KCIIEPUMEHTAJIbHBIX INATPAMM IJIABKOCTH;

(4) Bojee neTajbHbIE MOJE€BbIe HCCIAETOBAHMS C IEIBIO
IIPOBEPKH WIIH OIPOBEPIKCHUS BBEIBOJIOB, ITOJIYYCHHBIX IIPH
COTOCTABJICHUH JTaHHBIX MPUPOIHBIX HAOIFOICHHH C
KCIEPUMEHTAITBLHOU UH(POpMaIIHEH.

(5) mocTpoeHHe M HCCJIeI0BAHNE YHCIEHHBIX Moaesiei
NeTPOreHeTHYECKHUX MPOIECCOB.



AHanorum NMPUPOAHbLIX CUCTEM U TONOJIONMNHA
AnarpamMm niiaBKOCTHU

T . A el - L 1 i | FER— |

Figure 4-10 The system diopside-ancathite-albite at Py.o | bar, See wxt for discussion of on
paths. (After Bowen, 1915, modified bv Kushire, [973.)




Tunbl dppakuMoHMpoOBaHUA NPUPOAHBLIX Marm
(8 pexxume epasumauyuUoHHOU cenapauuu Kpucmariios)

HUdeanbHoe

Pacnnas

lTpomMmexxymoyHoe

Maema
H B
H B
H B

YacmuyHoe

Pacnnas

PeanbHas
cumyauyus

B Kpucmanner

stratified cap
boundary
layer

interior of  /
magma chamber

o
wall boundary
layer

dpakumMoHUpoBaHue 3a c4eT oOMeHa

MaTtepuanom c norpaHNYHbIM ClloeM
(Langmuir, 1989) — BLF process




PaBHOBecHasa Kpucrtannusauma B cucrteme Ab-Ab

“CpedHuli’ cocmae Pl
Ha Kaxdou cmaoduu
Kpucmannusayuu
MOCMOSIHHbIU U
omee4daem pasHoO8ecUIo
co eceMm o6LemMom
0CmamoyYyHo20

4 :
.................... "..‘.. CpeaHua cocmas pacniaea
: - " meepdoli gpa3sbi
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NaAlSi;Oy CaAl,Si,0g

Vi
UcxoOHbIt cocmaes /

B pe3yJjbTare paBHOBECHOM
cucmembl % KPHCTALTH3AIHH NPoIece

3aBEpPIIACTCH Oﬁ])ﬂfj(}B‘dH HEM

1 000

OJAHOPOAHBIX KpucTaL10B (An40).



PpakumoHHaa Kpuctannusaumsa B cucteme Ab-Ab

[Ipu ppakuuoHHOM
KPUCTA/IM3ALHH B
TBepaoil paze npucy-
TCTBYHOT KPHCTAJLIbI
Pa3HOro cocTaBa — oT
MCXOAHBIX /10 CAMBIX
] HU3KOTEeMIIepaTyp-

C HbIX.

Anag
38

1000

0 . 60
NHAISIEOH .‘.""’. M‘dC.[VO -

UcxoOHbIl cocmae CpedHul cocmae
cucmemsbi meepdou ¢a3bi

“CpedHull’ cocmae paHee ebidenuauwez2ocs Pl Ha pa3HbIx cmadusix Kpucmannu3sayuu
pa3HbIlu, xomsi cocmas (beckoHe4YHO Masio2o Koniudecmesa) Pl, kpucmannu3syroweaocsi e
daHHbIU MOMEHM U omee4Yaem paeHOB8ecUro cO 8ceM 06bLeMoOM 0CmamoyYyHO20 pacrsaea




Kak gokasaTtb (ppakuMoOHHYIO KpUcTannmsauuro

poaAnTenbCKUX Mmarm?

Kpuctannunyeckuum

‘ OCTaATOK
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NMpyHUMN nocTpoeHus
‘anarpaMmMm BblYUTaHUA"

Llgulds crystalllzing In this
system produce two-phase
assemhblages:

1) Diop. of fixed
compaosition
and 2} Plag. of variabls
compaosition.

TN N -’ NORMAN L. BOWEN
_)J‘._; i ;—xIJJI'“ (1887 - 1956)
Diopside
CaMgsLO,
13918

No thres-phass assamblagss
as in tha pravious ternary
syatama sxamined.

NaAISI, 3,

Syst=m exhlblts complets solld solutlon betwsen Ab and An.

Anorthite
CaAlSl,0,




MAITMATU3M NINEBPUNACKUX OCTPOBOB

Kak Yacmu bpumaHo-Apkmudyeckou rposuHyuuU




THE SUBTRACTION DIAGRAM PROPOSED FOR BASALTS

from Mull, Hebrides (Bowen, 1928)

Bowen first suggested that more
Crystallized material siliceous and less magnesian
Al203 Parent tholeiitic basalts were originated

“--0.__ Denvative from olivine-rich basalts.
D' ~ -~

N
(@)

[HEN
o1

The construction of control
lines allowed him to define the
concentrations of components
in the crystallized material.

Oxides, wt.%
5

ol

Using the extract composition
o9 an average proportion between

[ Average olivine basalt SIO2, wt.% crystallized Pl and Ol has been
& Average tholeiitic basalt calculated.

It proved to be of about 2:1.

Only in the end of 60s this plotting technique has been replaced with more

accurate mass-balance calculations.




JluHusi komekmu4ecko2o koHmpousisi Ol-Cpx, onpedensiroujasi
3eosIloyuUro cocmaea mazMm Krnroyeeckoz20 8yJiKkaHa
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PACHETbLI NO METOAY BANAHCA MACC

There are a number of computer programs which can be used to
interpret chemical trends on the variation diagrams. These programs
are based on computations, by least-squares method, the proportions
of the relative fractionating minerals.

For instance, the formation of a differentiated rock DM may be
expressed as a numeric subtraction of some amount of crystallized
minerals from a primitive rock PM assumed to be the parent:

Differentiated Primitive
rock rock Crystallized mineral assemblage

DM = PM - (mineral X + mineral Y + mineral Z)
Derivative  Parental
melt magma

Crystalline material (extract)




CALCULATIONS BY THE LEAST-SQUARES METHOD

(basic principles and equations)

The indices M are
The above mentioned relations should be masses of the parent
written in the form of mass-balance equations and derivatives,

for an arbitrary element | :

the indices C denote
bulk concentrations of

the element 1 in the

e VDM Ci DM = \/PM Ci PM _ \|Crys

C.Crys parent and derivatives.
. . These two equations
The parent — derivative equation: define relationships
between abundances of
PM — C . .
Ci = | &3 CiCrys T (1'F Crys) Ci oM a specified element in

the parent and
/fractionation products

where F €vs = MCrys | MPM s the total U LEMTS O U

degree of crystallization the parental magma degree of crystallization
- d i Jma- of the parental system.




CALCULATIONS BY THE LEAST-SQUARES METHOD

for a typical Island tholelitic series

Interval | Parent Derivative
FROM ISLAND
O
High-Mg basalt )
I I High-Mg bas Mg-basalt
1 Mg-basalt Bas-andesite
1 Bas-andesite

Dacite
SiO2, wt.%

Dacite

Rhyolite
The main idea was to postulate the high-magnesia basalt as a parental magma for
the whole rock sequence, whereas each of its derivatives is assumed to be an
iIntermediate parent for more evolved rocks.

To conduct the calculations, a group of five representative samples were
selected. These compositions divide the range of fractionation to four
intervals.



CALCULATIONS BY THE LEAST-SQUARES METHOD

for a typical Island tholeliitic series (continued)

Following from petrographic studies,
a specific mineral assemblage was
assumed to crystallize at the
selected intervals.
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MAIN CONCLUSION The Bowen'’s reconstructions

The numeric solution of the
mass-balance equations is a
formal mathematical procedure
that does not guarantee
correspondence of the
calculated mineral proportions to
experimental data on mineral-
melt equilibria.

Parent
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Thus, we should treat both the
graphical and the least-squares
method calculations as at best
semi-quantitative.

55

O Average olivine basalt SiO2, wt.%
€@ Average tholeiitic basalt

As an example of this weakness of The olivine-basalt is not really a
mass-balance reconstructions one—, parent for the tholeiitic basalt. In
could cite the end of the story with fact, it gives rise to the alkaline-
Bowen’s interpretation of the basaltic series.

Hebrides basalts.



Bapuayuu codepxaHuu MukpoasiemeHmMos 8 ba3zasibmoebix Jjlagax
Knroyeeckoz2o eynkaHa
(OaHHbIe PP Anbmeesa u A.A.ApucKuHa)
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