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maBHbIe NpobrieMbl 0Opa3oBaHUA MarMaTu4ecKmnx nopoa

1. OueHku coctaea U ycnosuiA Kpuctanamsaumu
POAUTENBCKUX MArM KAK UCTOUYHUKA XUMUYECKOrO
pasHoobpasmsa Npou3BOAHLIX pacniaBoB
(BepuBaToB), KOTOpbIe 3aTBEepAeBaroT C
obpaszoBaHWem marmaTuyeckux nopoa (¢ opmupys
KOHKpeTHYrO ceputo Unu accoymaymio)

2. Ycnosus obpasosaHua Haubonee
NPUMUTUBHBIX — NEpPBUYHLIX PACMNGBOB,
ABNAFOLNXCA UCTOYHUKOM POAUTESBCKUX MATM.




Cocmaesbl pacnsaeHbIX 8K/I04eHUU u 6a3asibmoebix J1ae

Knroyeeckozo eynkaHa Ha KamMmyamke
(OaHHble H.J1.MupoHosa, M.B.l[NlopmHsizauHa u '1.FKO.[1ne4voea)
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Cxema xumu4deckou asosnroyuu Knrodyeeckoa2o eyrsikaHa
(ApuckuH u dp., 1995)
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D,VlarpaMMbl NaBKOCTU AJIA NPOCTbIX CUNTUKATHbIX CUCTEM
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[MpUHUMNbI reHeTU4YeCKOU UHTepnpeTaunm
n3BepXeHHbIX nopoa (no boyaHy)

(1) ITosreBoe U3y4YeHHE ACCOUMALMH MOPOX U BBIJACICHUE Bowen N.L.,1928, The
T€HETUYECKHU CBA3AHHBIX IIOPOJ IO pe3ylIbTaTaM evolution of the

NETPOXUMHUUYECKUX U TEOXUMHUYECKUX UCCIICOBAHUN; igneous rocks:
Princeton, New Jersey,

Princeton University

(2) IIpoBeneHne IKCNEPUMEHTOB IO IUIABICHUIO U
Press, 334 p.

KpUCTAJJIN3AIMK TUIIOBBIX CUCTEM, MAKCUMAJIbHO OJIU3KUX
NPUPOAHBIM 00pa3liam;

(3) AHAJIU3 MOJIEBBIX M METPOJIOT0-TeOXUMHYECKUX JAHHbIX
P MOMOIIM IKCIEPUMEHTAJIbHBIX IHATPAMM ILJIABKOCTH;

(4) boJiee neTajbHBbIE MOJIEBBIE HCCJIEI0BAHMUSA C LCIIBIO
MIPOBEPKH WJIA OMPOBEPIKEHUS BBIBOJOB, OJTYYECHHBIX MIPHU
COIIOCTABJICHUHU JIAHHBIX MIPUPOIHBIX HAOIIONECHUN C
IKCTIIEPUMEHTAILHOM MH(pOpMaLIHEH.

(5) mocTpoeHune M UCCJACA0OBAHUE YUCTIEHHBIX MoaeJIen
MeTPOreHeTUHYECKUX MPOIECCOB.




AHanorum NnPUPoOoAHbLIX CUCTEM U TOMOJIOTNHA
AnarpamMmmm niaBKOCTU

Figure 4-10 The system diopside-anorthite-albite at Py o | bar, See text for discussion oF crystallization

paths. (After Bowen, I915; modified v Kushire, I¥73.)




Tunbl dppakuMoHMpoBaHUA NPUPOAHLIX Marm
(8 pexxume e2pasumauyuoHHOU cernapauuu Kpucmarisios)
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(Langmuir, 1989) — BLF process




PaBHoBecHas Kpucrtannusauusa B cucrteme Ab-Ab

“CpedHuli” cocmae Pl

w. "
~.. CpedHuli cocmas
" meepdoli pa3bl
P]SS. i

=)

Ha Ka>xdou cmaduu
Kpucmasnnu3sayuu
MOCMOSIHHbIU U
omeeyaem pasHO8ecUIo
co ecem o6bemMom
0CmamoyYyHo20
pacnnaea
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PpakumoHHaa Kpucrtannusauma B cucteme Ab-Ab

; [Ipu ppakuuoHHOI
LIQUID KPHCTA/LIN3AIHH B
TBepaoH (pase npucy-
TCTBYKOT KPHCTAJLIBI
Pa3HOIro ¢oCTaBa — OT
MCXO/JHBIX /10 CAMBbIX
HU3KOTEMIIEPATYP-

C HBIX.
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“CpedHuti” cocmae paHee ebidenuewezocsi Pl Ha pa3Hbix cmadusix Kpucmasnnu3ayuu
pa3HblIl, xoms cocmae (becKoHe4YHO masio20 Korudecmea) Pl, kpucmannu3syrowea2ocs 8
daHHbIU MOMEHM U omee4aem paeHO8ecuUro co 8ceM o6bLeMoOM 0ocmamoYyHo20 pacrisiasa




Kak gokasatb (ppakuMoOHHYK KpUcTannmsauuro
poauUTEeNIbCKUX Marm?

Kpuctannunuyeckuum
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MAIrMATU3M TEEBPUNACKUNX OCTPOBOB
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OvarpamMmmbl BbiuntaHua (subtraction diagrams),

rpeasioxeHHole boysHoM A1 nHTepripeTaumm 6a3asibToB octpoBa Masis
['ebpuackoro apxunenara (Bowen, 1928)

Bowen first suggested that more
Crystallized material siliceous and less magnesian
Parent o tholeiitic basalts were originated
"--03.__ Derivative from olivine-rich basalts.
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The construction of control
lines allowed him to define the
concentrations of components
in the crystallized material.
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e Using the extract composition
45 50 99 an average proportion between

O Average olivine basalt Si02, 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 komekmu4eckoz2o koHmpouJsisi OI-Cpx, onpedensirouas
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Ewe npumepsbi? BcnomHum nnpo MORBs!

MpoeunpoBaHue 6a3anbLTOBbLIX COCTaBOB Ha nnockocts OLIV-PLAG-SIL

KomnoHeHT | Mon. % Mon. | Mon. %
K-BO
SIL (=Hyp) 22.69 2269 | 26.61
PLAG (An+Ab) 30.09 30.09 35.29
—
DIOP 14,74
OLIV (Ol+Hyp)| 32.48 3248 | 38.10
SUM 100.00 85.26 | 100.00
[Ouarpamma nokasbiBgeT, YTO COBMeCTHas
(koTekTu4eckaa) kpuctannusauma Ol u Pl
apnseTcs XapaKTepHowu 0c0beHHOCTbHO

3BONHOUMKM  TONEUTOBBIX Marm no nMHUK
HAKoONneHma HOPMAaTUBHOIO KpemHe3ema.

PLAG

OI-PI
KomeKkmuka

OLIV

Mon. % SIL

TTpoekuus cocTas TOMEUTOBBIX CTEKO
cpeauHHbIX XpebTos (MORB) u3 Di-seplumHer
Tetpasapa DIOP-OLIV-PLAG-SIL
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Fig. 2. Experimentally determined liquid limes of descent at 1 atm For the primitive KANE [racture zone
basalt (AI96-14) and the Galapagos basalt (POO.8IN2). The black dimmonds indicate the temperamre ofan
experiment. All 96-18 1 i higher ]J||I|||du-. temperature (it is IPII.IIIJlI'H] and crystallizes «
olivine + plagioclase, ¢ + plagioclase + augie. POO.S ially crystallizes olivine + pl
and soon reaches the peritectic reaction boundary: oliviee + |:|(!u|1| = plagioclase + augite + piges
Once all the olivine has been consumed, ilmenite joins 1||1 unu]’flw ation assemblage, Lulumcl ].l\
titancmagnetite (ime), and then quartz.

[AMERICAN JOURNAL OF SCIENCE, VOL.

MAGMATIC PROCESSES LEADING TO COMPOSITIONAL DIVERSITY
IN IGNEOUS ROCKS: BOWEN (1928) REVISITED

TIMOTHY L. GROVE' and STEPHANIE M. BROWN

318, January, 2018, P. 1-28, DOI 10.2475,/01.2018.02]

Fig. L.

(A} Samration boundaries determined in experiments on a i:.1]u5:-.|.glx\ lava (Juster amd others,
1989} are plotted along with glass compositions measured in mid-oeean ric

ge basalis lrom 15 segmenis

along the Galapagos Spreading Center (Gale and others, 2003} in the psewdoternary projections Olvine —
Augite — Qruarz and (livine Flagioclase — Cuartz using oxygen units (see Tormey and others,

1987). (B)
Experimentally determined liquid lines of descent from Juster and others (1939) are ploted with glass

analyses from the same 15 segments along the Galapagos Spreading Center as in figure 1A {Gale and others,

2013) on MgO vs. 50y, MgO v, Al Oy, MgO s, Tily, and Mg vs. FeO variation diagrams.




MOAEJIMNPOBAHUE KPUCTAJIJINSALIUNU,

NUCIOJIb3Ys AJIFTOPUTM ONMTUMANSALINN OAHHBIX 1O
METOA4Y HAUMEHbLINX KBAAIPATOB




PACYHETbI NO METOAY BAJIAHCA 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)




cnonb30BaHMe MeToAa HaMMEeHbLUUX KBaapaToB

(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 i :

the indices C denote
bulk concentrations of

the element I in the
MM C, DM = }/PM C, PM _ JfCrys CiCrys |

parent and derivatives.

These two equations
define relationships
between abundances of
C,' PM = F Crys Cicrys +(1-F Crys ) C,- oV a specified element in
the parent and
fractionation products

where F Crys = MCrys / MPM s the total in terms of the total

L degree of crystallization
degree of crystallization the parental magma. of the parental system.

The parent — derivative equation:




MoaenupoBaHue "dppakKLUMOHHOro” MexaHmama
o6paszoBaHMA TONENTOBbIX cepun UcnaHaum

A TYPICAL THOLEIITIC SERIES Interval Parent Derivative
FROM ISLAND

High-Mg basalt .
High-Mg bas Mg-basalt

O
\
\
\
\
\

Mg-basalt Bas-andesite

Bas-andesite Dacite

Si02, 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
intermediate 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.




MoaenupoBaHue "dppakKLUMOHHOro” MexaHmama
o6paszoBaHMA TONENTOBbIX cepun UcnaHaum

Following from petrographic studies,
a specific mineral assemblage was
assumed to crystallize at the
selected intervals.

II

Crystallization proportions, wt.%
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FJIABHBIE BbIBOAbI

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.

|
Thus, we should treat both the 45 5 o5
graphical and th_e least-squares O Average olivine basalt Si02, wt.%
method calculations as at best @ Average tholeiitic basalt

semi-quantitative.

N
o

Crystallized material
Al203 Parent
- - “;L ) Derivative

Oxides, wt.%
=) o
| |

()]
|

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.




Bapuauuu colepkaHutli MUKpO3JsieMeHmoe 8 6a3asibmosebiX jlasax
Knroyeeckoz2o eyrnkaHa
(OaHHbIe PP Anbmeesa u A.A.ApucKuHa)




KoHdurypauma nmHmn 3aBonoumMm coctaBa pacnJjiaBa
B noJie Kpucrasiyinzaymnmn oJimBmNHa
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Ka)l(ﬂblﬁ MO>KeT onburtbCA...

A ecnu o yem-HMbyab ponro
Pa3MbILWIATD, Y)K HaBEepHSAKa

owmnbewbco!




