
EVOLUTION O~ SY~TRY IN MINERAL WORLD

N.P.Yushkin

The Institute of Geology of the Komi Science Centre

of the Ural Division of the USSR Academy of Sciences

Syktyvkar, USSR

Symmetry is a universal property characteriStic of all

natural phenomena and objects and simaltaneousiy in som~ aspects

specific for each of them. Symmetry is particularly pronounced

in the mineral world which elementsl i.e. crystals, "shine with

symmetry", as the great c~ystallographist E.S.Fedorov put it.~

That is why symmetry has been used for a long time to characterise

as well as to identify minerals and to prognosticate their proper-

ties. ~oreover, theoretical and methodical f~ndementals of the

theory of symmetry have been formed on the basis of mineral cry-

stals study within the mineralogical science.

In mineralogy main objects to be investigated in tern~ of

symmetry have always been mineral individuals,i.e, crystals. ~e-

thods of the theory of symmetry have in fact never been applied

to characterize more complicated systems composed of minerals (mi-

neral aggregates, rocks, fault blocks of the crust, geospheres,

cosmic bodies etc.), although A.E.Fers~n, A.V.Shubnikov, I.I.Shaf-

ranovsky, A.~ackay and other crystallographists drew attention to

the fact that such an appliance would be very promising. This weak-

ly investigated field of mineralogy became an object for our re-

search (Yushkin, 1984; Yushkin et al, 1987).

Investigations showed that complex mineral systems are charac-

terized by different values of summary symmetry which is typomor-

phic, alias reflects genetic nature of objects and changes regular-

ly in the process of mineral systems evolution.
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We have introduced the concept of 9r2stallos2mmetric structure

of complex mineral systems (CSS) which we understand as a proportion

of minerals of different crystallographic symmetry in their compo-

sition. The means of CSS investigation is cr2stallos2mmetric ana-

lysis (CSA) which consists in establishing statistic parametres

of minerals distribution on the ranks of the symmetry system (Yush-

kin, 1985). CSA procedure is rather simple and consists in compil-

ing tables containing percentage proportion of minerals belonging

to different symmetry ranks and deducing a number of summary values

including symmetry index.

The symmetry index is calculated according to the formula:

1    6    PR.R,

in which PR is the percentage of occurence of minerals of the given

rank R, i.e. of the given crystal system (R=0+6: triclinic - 8,

monoclinic - 1, orthorhombric - 2, trigonal - 3, tetragonal - a.,

hexagonal - 5, cubic - 6);    P2 = 1OO%. The symmetry index varies

from O up to 100~% towards the increase of the percentage in the

polymineral system of highly symmetrical minerals. If a system is

presented by mineral species of the triclinic crystal system only,

then I = O, if of purely cubic system, then I = I0~.
S                                              S

The following totality of basic parametres characterizing

CSS of the system to investigate has been developed on the basis

of CSA in general terms: parametres of mineral distribution on

symmetry categories, crystal systems, point groups (crystallogra-

phic classes); symmetry indices, informational entropy of crystal-

losyn~etrical structure H~. These criteria can be calculated on

the constitutional (proportion of the number of mineral species)

as wel! as on the concentration (prportion of the volume of subs-

tance of different species) basis.
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~:_~c~ !~:o.l.o::ic:.~± ~:yste~,~ ~o~[~ozed o~ mincr~le is characterized

by a dofi~i1~e CSS which fi~d~ i~.~ ~z~rcssion ir~ constant parametres

of mino~al si~ccio~ distribution o~ the ranks of the sy~etry system

(categorizes, crystal ~ystems, ~oin~ groups). We suggest that this

conclusior~ formulated by l.l.Sh~franovsky as the basic law of mine-

ral syz~i~etry statistics (Shafranovsky, 1985, p.66) should be called

~hafranovsky’s law. The latter presupposes that each n~neral system

can be distinqui~hed by characterizing sy~mmetry parametres. Result-

ing from C~A carried out on a considerable amount of mineralogical

data we have developed certain parametres to characterize the litho-

sphere and other geospheres of the Eerth as well as the ~oon’s litho-

sphere, various ty~es of meteorites, large regional structures such

as mineralogical provinces, different mineral deposits, mineral com-

plexes (Yushkin, ~985; Yushkin et al., ~987).

A number of common tendencies in the CSS change has been estab-

lished.

In direction from abyssal to subsurface zones of the Earth,

i.e. to the lithosphere, the process of constant and definite de-

crease of the mineral substance s~mmary symmetry is taking place

alongside with the replacement of minerals of the cubic system, when

those of orthorhombic and later mono~linic, triclinic and other

crystal systems become dominant. Consequently, the value of the sym-

metry index also decreases (Fig.~).

Similar tendencies in the CSS change are established by the

analysis of the evolutional row of cosmic objects: meteorites (chon-

drites) ~ the ¾oon ÷ the Earth which can be regarded as the main

stages of iur planet’s development, i.e. meteoritic ~ "lunar"(rego-

lith-nuclear) ~ modern. ~onotonous decrease of summary symmetry of

substance (Is const) from chondrites (62.5~%) through the ~oon’s li-

thosphere (55.6~%) to the lithosphere of the Earth (42.56%~ is of par-
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in particular cllon~’itic s~bsUancc Cuv.,’um’ds L’,,~mr

stance, sy~e~ry entropy of the system~; also

]]uratio~ anf~ ¢om~icx~ty of Uhe evolution

~neralogical provi~ces as we].l as e~crgy ~eeded ;’.~r their formation,

com’relation of ,)ado~e~uous and cxogenuous facUors o~" ~ineral forma-

tion, role of organisms and organic matter are e~tablJshed c~:ac~ly

e~o~h ~’ith the ]~elp of crystallosymaetrical indication~ (Yushkin,

Basing on t~c investi~%ation m-esults ~’,:e have fommulated the law

of d:eoloL[ioal evolubion of mineral sys(:ems’ crystal]osym~et~’ical

sgructu~e: i~ course of cosmic and geological evolubion thoir cry-

stallosy~e$micel s~ructurc ,m~dergoos complication and quali-~ative

change ~hica ma~i~csts itself in the increase of entmopy of all sym-

metry characteriszics us well as in $hc meplace~nent of the dominan9

role of ~nemals of cubic and orghorhombric system~

decrease of the cinema! substance sy~r~etry occurs alo~gside ~’ith

still high and even incmeasing extem’nal mom~)holo[~ical symmetz’y

the Eamth and oti~er cosmo~nemal bodies.

I~]ethodioal approach describo6 here can be applied not to the

mineral ~,orld only, but to any othem objects containing cris’Ualline

mat$em (chemical an£ metallurgical produc~s, synthetical systems,

objects o£ h~an material cu].9~’e etc.).
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Change of parametres of the ~arth’s mineral substance crystallo-
sy~aetrical structure wit~ depth. Geozones: A - the crust,
up~er mantle, C - imterme~iate makable, D - lower mantle, E
ternal "plastic" core.

Crystal systems~ TC - triclinic, ~ - monoclinic, R- orthorhombic,
T - tetragonal, C - cubic.

L

.? ig ¯ 2 Direction of the change of crystallosy~etrical structure in the
row:    chondrites - ~:oon’s lithosphere - Earth’s lithpspere -
biominerals.
Synnnetry categories: H - high (cubic system), M - middle (trigonal
tet~agonal and hexagonal systems), L - low (triclinic, monoclinic
and orthorhombic systems). Shaded areas shows the field of figur-
ative points Of the mineralogical provinces of the Earth.
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