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Abstract. A detailed classification of clay minerals with layer and layer-
-ribbon structures has been presented. The structure of layers has been taken as
the division basis of minerals which have the crystalline structure composed of
kFomotypic layers, and the kind of combination of layers — as the criterion for
classification of mixed-layer clay minerals composed of heterotypic layers. Some
simplification and unification of nomenclature of layer silicates have been proposed.

INTRODUCTION

The present work is an attempt at arranging the systematics of clay
minerals on the basis of crystallochemical and structural criteria, in
accordance with the current viewpoints concerning this group of mi-
nerals.

The classifications published up-to-now have become partly outdated
as our knowledge of clay minerals has advanced, or they have a very
general character (e.g. C.L.P.E.A. classification).

The classification presented in this work is based on the classifica-
tion proposed by Frank-Kamienetsky (1960) and on the general classifi-
cation of the layer silicates recommended by C.I.LP.E.A. (Brindley 1966).

Clay minerals differ in the structure of layers, their composition and
kind of stacking. Owing to this the proposed classification has been di-
vided into two parts. The first of them (Table 1) pertains to clay mine-
rals and related layer-silicates composed of layers of one type (homoty-
pic-layer structures): the structure of a layer is here the criterion of the
classification. The second part comprises the mixed-layer clay minerals,
the structure of which involves different layers (heterotypic-layer struc-
tures). These minerals differ in the kind of the interstratified layers and
in the manner of their stacking stratification (regular or random). Dif-
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ferent mutual orientation of the superimposed adjacent layers leads to
the occurrence of several variants of the structure of the same minergl
differing by the symmetry of the unit cell (polymorphic or polytypic
modifications).

MINERALS WITH HOMOTYPIC LAYERS

Crystalline clay minerals are divided into two categories differing in
the structure type (Table 1): clay minerals with layer structure and
with layer-ribbon structure (sepiolite-palygorskite group). .

The layer clay minerals have been divided as usually according to the
number of tetrahedral and octahedral sheets forming a layer (2 : 1, e |
and 1 :1). They are further divided into 7 mineralogical groups in agre-
ement with the recognized classification of CIPE.A. Each of these
groups is characterized by the magnitude of electric charge of tbe layer
and by the type of bonding between the layers (Frank-Kamienetsky
1960). These factors and the kind of interlayer cations decide namely whe-
ther the structure is stable or labile (swelling) in the normal conditions.
The characteristic feature of minerals assigned to the given groups is
their basal spacing doo:.

The minerals assigned to particular groups are then divided accor-
ding to filling of octahedral layer (dioctahedral and trioctahedral). In
the case of some layer minerals (chlorites, micas) it was also necessary
to take into account an intermediate (di-trioctahedral) filling of layers.
This may be due either to incomplete filling with cations of the octahe-
dral brucite type layer owing to substitution of a fraction of divalent
cations of this layer by trivalent ones (micas), or to occurrence in the
structure of two types of octahedral layers both of gibbsite and brucite
type (Al-Mg-chlorites). To the di-tri-octahedral group those minerals
have been assigned in the structure of which about 5/6 on the average
(83%) of octahedral layer sites is occupied by cations.

Some authors (Mering, Pedro 1969) divide additionally clay minerals
according to whether the layer charge is due to isomorphic substitutions
in tetrahedral or in octahedral layers. In some minerals, however, the
charge of the layer may be due to both factors and hence it is difficult
to divide consequently clay minerals on the basis of this criterion.

Isomorphic substitutions of the cations occurring commonly in the
layer silicates gives rise to large variableness of their chemical compo-
sition. In the past the modifications of minerals differing little in che-
mical composition were given sometimes different names and at present
there exists necessity of simplifying the excessively developed minera-
logical nomenclature. A separate name of a mineral is justified only in
the case when the content of the characteristic element in the structure
(Ni, Cr, Co, Fe and others) is so high as to essentially change the pro-
perties of a given mineral, or when this content exceeds 1/2 of octahe-
dral layer cations (willemseite, nimite). At lower contents one should
apply the name corresponding to the type of layers in the structure of
minerals adding an adjective which indicates the presence of a given
element (nickel vermiculite, chromium chlorite, etc.).
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Layer-ribbon structures
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Trioctahedral chlorite sub-
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Sheridanite
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Thuringite
Chamosite
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Chrisotile
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In the proposed classification an account has been taken of some mi-
n.er.als.conflrmed by recent studies. In the talc sub-group, its new mo-
gilflcatlons (Waal 1970) have been placed, in the structure of which Mg2*
ions are replaced by Ni?* (willemseite) and by Fe?* (minnesotaite).

j In the mineralogical literature several mentions can be found on tale-
-like mineral or hydrotale. It is described as a fine-grained mineral
with a structure built of talc type layers containing molecular water
and not exhibiting the swelling properties. Ostrowicki (1965) described
the nickel modification of the talc-like mineral.
~ In the weathering zone of ultrabasic rocks there occur magnesium si-
licates called kerolites (the name was introduced by Breithaupt in 1923).
Their nature has not been understood in detail. According to Diakonov
(1963) substances described as kerolites constitute a mixture of serpen-
tine and a talc-like mineral the formula of which is according to Vitkov-
Skaya and Berkhin (1968), MgG [Si']'gAlgAl()O?()] (OH)4 (Nag_Qlig.o(;) -5.4 Hzo.
Diakonov (1963) suggests therefore to apply the name kerolite to this
tale-like mineral. It appears that talc-like mineral, hydrotalc and kero-
lite are in fact the same substance. Since the name kerolite is earlier
than hydrotalc this former name has been accepted in the present classi-
{ication. The nature of kerolite requires, however, further elucidation.
This mineral in certain points (chemical composition, DTA) resembles
trioctahedral magnesium montmorillonites. Since, however, it does not
exhibit the swelling properties it seems more justified to include it in
the talc-pyrophyllite group. Similarly like in the case of other magne-
sium silicates the iron and nickel modifications of kerolites are known.

In the subgroup of dioctahedral montmorillonites the chromium
montmorillonite, volkonskoite, has been induced, the presence of which
has been confirmed by more recent publications (Ross 1960). Among
dioctahedral montmorillonites one distinguishes usually beidellite. Distinc
tion of this mineral is questioned (vide Ross 1960). It exhibits, however,
many different properties which justify its acceptance as a separate mi-
neral, defined after Weir and Greene-Kelly (1962) as a montmorillonite
with octahedral layer of gibbsite type in the structure of which more
than 50% of layer charge comes from substitution of Si by Al in tetra-
hedral layer. It can be distinguished from normal montmorillonite by
the Greene-Kelly method.

In the trioctahedral montmorillonite subgroup two magnesium sili-
cates have been distinguished: saponite and stevensite. The structural
differences between them are sufficiently large to recognize them as se-
parate minerals. The structure of stevensite represents a certain kind of
link between the crystalline structure of saponite and talc.

The name of nickel montmorillonite has aroused discussion. Span-
genberg (1938), investigating layer silicates from Szklary (Lower Silesia)
has found thas pimelite occurring there is such the montmorillonite. On
the contrary Ostrowicki (1965) has shown that pimelite from Szklary is
not a montmorillonite but a tale-like mineral containing nickel. The name
pimelite has been, however, accepted as a name of nickel montmorillonite.
Pure nickel montmorillonite has been synthesized already. The present
classification takes it hence into account. The classification comprises
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also zinc montmorillonite, sauconite (Ross 1946). Copper montmorillonite,
miedmontite, has been shown on the other hand to be a mixture of chri-
socola and dioctahedral mica (Chukhrov et. al. 1968).

Certain difficulties arise in establishing classification scheme of micas
owing to great differences in their chemical composition and structure.

In the present classification (Tab. 1) only more frequently occurring
micas have been included and supplemented by those which constitute
the end members of more important isomorphic series.

More common then typical micas constituents of clayey rocks are so
called hydromicas. By hydromicas one understands here minerals of the
mica structure which show a deficiency of K*. The electric charge is
compensated by H;O* introduced in the interlayer spaces, or by incor-
poration into a layer of additional protons in accordance with viewpoint
of Jorgensen and Rosenquist (1963), and also partially by oxidation of
Fe2+. The charge of a layer in the crystalline structure of hydromicas
is usually smaller than that in the structure of micas, they do not exhi-
bit, however, the swelling properties.

There is no sharp boundary between micas and hydromicas. Gradual
transition between them is observed. Hydromicas are hard to distin-
guish from micas by X-ray method only. For their distinction detailed
studies and exact data on chemical composition are required. Thus while
determining mineral composition of clays they are considered often as
the whole — no distinction is made between them. For this reason it
seems appropriate to include them into the mica group as a subgroup of
dioctahedral and trioctahedral hydromicas.

To describe hydromicas close to muscovite two names are used: illite
and hydromuscovite. Some authors consider them as synonims, others
believe that illite and hydromuscovite are different minerals. After Grim
and co-workers (1937) illite is a name of fine grained authigenic micas
occurring in clays which show a deficit of potassium and excess of water
as compared with normal mica but do not exhibit swelling properties.
The term hydromuscovite on the other hand could be reserved for hy-
dromica formed by degradation of muscovite. More detailed investiga-
tions allow namely frequently to distinguish the hydrated mica type
minerals, which were formed authigenically (illite) from those formed
by degradation of muscovite (hydromuscovite). These latter show usually
higher content of Al in tetrahedral layer and can be assigned to 2M;
polytypic modification. Similarly names hydrobiotite and hydrophlogo-
pite pertain to the products of partial degradation of biotite and phlo-
gopite, the crystalline structure of which retains a 10 A basal spacing
and do not show the swelling properties.

To the mica group one numbers usually glauconite (Smulikowski
1954) and celadonite. In the crystal lattice of glauconite however usually
the occurrence of interlayering with the swelling montmorillonite layers
is observed (Burst 1958, Hower 1961) and the sharp boundary between
glauconite of the mica type structure and montmorillonite does not
exists. These former occur, however, more frequently in nature. Cela-
donite, a mineral of the terrigenic origin, is both structurally and che-
mically very similar to glauconite. Taking into account the fact that the
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majority of glaucopites and celadonites are closer structurally to illite,
they have been assigned to the subgroup of dioctahedral hydromicas.

In the subgroup .of trioctahedral brittle micas there have been inclu-
ded (Table 1) anandlt.e, brittle mica containing Ba in interlaver positions
and Fe?t and Mg?t in octahedral layer (Pattiaratchi et al. 1967).

Xantophyllite, seyberite and their modifications known under sepa-
iagtée’])names turned out to be identical with clintonite (Forman et al.

.The group of chlorites, according to the present knowledge com-
prises not only trioctahedral minerals but also dioctahedral and di-tri-
—octahedral minerals. Miiller (1963) named a dioctahedral chlorite su-
doite. Earlier, in 1940 Lazarenko has discovered a mineral donbassite of
the properties intermediate between kaolinite and chlorite. As it has
been proved later donbassite is in reality a dioctahedral chlorite. It has
been suggested on this basis to name a dioctahedral chlorite a donbassite
(Lazarenko 1969).

The nomenclature of trioctahedral chlorites is characterized by great
arbitrariness. In the present paper the division and nomenclature of
chlorites proposed by Foster (1962) has been accepted. This classifica-
tion is based on crystallochemical criteria. Classification of chromium
chlorites has been proposed by Lapham (1958). He defines kammererite
as a chlorite containing Cr3+ exclusively in the octahedral layer and ko-
chubeite as a chlorite in which Cr3+ is localized also in tetrahedral layer.
For chlorites containing less than 2% Cr,O; he preposes a name correspon-
ding to the content of the main components with addition of the adjecti-
ve ,,chrom”. Nickel chlorite has been named nimite (Waal 19870).

The di-trioctahedral chlorites, known for long time, are cookeite
LiAl,(OH)sAl, [Si;AlOy] (OH), and manandonite (lithium, borium and alu-
minum containing chlorite). Recently some occurrences of Al-Mg-chlo-
rite has been reported. They were described by Sudo (1959) and named
according to suggestion of Eggleston and Bailey (1967) sudoite. This
name has been accepted also in the present classification.

The layer silicates with double sheet layers (1:1) are placed in the
kaolinite-serpentine group which is divided into kaolinite and serpentine
subgroups. The kaolinite subgroup contains halloysite Al [SisO10] (OH)s
and its hydrated form — hydrohalloysite Al [SisO1] (OH)g - 4H,O. The
nomenclature of these two minerals is not uniform. Names such as hal-
loysite or metahalloysite for the anhydrous mineral and respectively en-
delite or halloysite for the hydrated one are in use. The differences
between these two minerals are best reflected in names of hydrohalloy-
site and halloysite which are encountered more and more often in new
publications. The name metahalloysite resembles rather that of meta-
kaolinite which is the product of dehydroxylation of kaolinite. In some
classifications of clay minerals halloysite is excluded into a separate
group together with chrisotile, bearing in mind a tubular form of these
minerals. Owing, however, to the structural resemblence of halloysite
to kaolinite this is not justified. In the modern mineralogical systema-
tics morphology cannot be a decisive criterion of the classification. In
halloysite and hydrohalloysite crystalline structure the isomorphic sub-
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thgir mean chemical composition. The chemical composition of these
minerals was studied also by Whittaker and Wicks (1970).

_In the structure of serpentines similarly like in that of other layer
silicates Mg?* may be replaced in different degree by Ni2+. There are
known chrisotile, lizardite and antigorite containing several percent of
NiO (magnesium-nickel serpentines).

There are also known layer silicates with the crystalline structure
of serpentines and with Ni?* predominance in the octahedral layer (nic-
kel serpentines). Zvyagin (1965) observed large structural differences
among them. These silicates have been given names like garnierite, ne-
pouite, noumeaite, their distinction is however disputable. Between Mg-
—serpentines and Ni-serpentines there occur a continuous series of solid
solutions. In the crystalline structure of serpentine Mg?* can be also re-
placed by Co?* (Co-serpentines). The pure cobalt serpentine has been
synthetized. The manganese serpentine is grovesite (Bannister et al.
1955). Recently zinc-aluminium serpentine, zinalsite was identified (Chuk-
rov et. al., 1971).

The layer-ribbon serpentines, sepiolite and palygorskite (attapulgite)
differ, according to recent data (Dritz, Aleksandrova 1966) in filling of
the octahedral ribbon sites by cations. From this point of view the struc-
ture of sepiolite corresponds to trioctahedral layer silicates and that of
palygorskite to dioctahedral ones. Similarly like magnesium layer silica-
tes sepiolite has nickel, ferric and aluminum modifications. For layer-
_ribbon silicates b, parameter of the unit cell may be taken as a charac-
teristic feature.

MIXED LAYER MINERALS

The layer minerals with mixed heterotypic layers are usually built
of layers of two kinds. The minerals built of three or more different
layers are rare. The mixed-layer minerals are divided and named accor-
ding to the kind of interstratified layers.

The division of mixed-layer clay minerals, composed of layers of two
kinds is shown in the form of a diagram in Fig. 2. On the diagram there
are marked combinations of two different layers found among the mixed
layer clay minerals. They are divided further, according to the manner
of arranging of layers, into structure with regular and random inter-
stratification of layers.

Along the line limiting the diagram on the right-hand side there lie
the layer structures composed of homotypic layers but of different in-
terlayer cations, which fill selectively the interlayer spaces, or of diffe-
rent number of monomolecular layers of H,O molecules between the
layers. These two factors are the reason of occurrernce of iwo or more
values of distances between the interstratified layers. In the case of
chlorites these structures consist of one type of three-sheet silicate layer
and of different octahedral sheets petween these layers. In the case of
minerals in which the layers are not joined together by molecules‘of
H,O or (and) interlayer cations, the differences in the manner of stacking
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of homotypic layers lead to the formation of polytypic or polymorphic
modifications (kaolinite, serpentines).

Minerals with regular mixed-layer structure are given the mineralo-
gical names like corrensite, allevardite (rectorite). Frank-Kamienetsky
and co-workers (1963) have proposed the name tosudite for the regular
mixed-layer clay mineral: dioctahedral chlorite-montmorillonite.

Recently the name tarasovite (in honour of the Ukrainian poet Taras
Shevchenko) has been proposed for a mineral the structure of which is
composed of mica layers of one type in which there occurs the pheno-

| MONTMOY VERME| ey ol £
INTERSTRATIFYING | = | = |RILLONITE| CULITE =aR®
LAYERS 3| & |2
> - (= [ . — —
=15|5(8|8|8|8|2|8|g|t
= = = = T =
TALC 74 ? %
PYROPHYLLITE Bl ?
2
TRIOCT R R R R
CHLORITE a; A D ) ": Z0i
DIOCT. RD 2 ? ____'R_Q,'
TRIOCT] R R R/
MICA AL - 0
DIOCT. e Bl d
R RA
vERMI- | TRIOCT ol i)
CULITE | DIOCT. - ___:R_o_;
2 IR /1
MonThos IIRoCil | - | L D)
RILLONITE | DtOCT EY4
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KaOLNTE |7 D a L_Jb /J c

Fig. 2. Classification of mixed-layer clay minerals

a — crystalline structures built of heterotypic layers, b — crystalline structures built OF
homotypic layers but with interlayer space filled in a different manner, ¢ — polymorphic or
polytypic modifications; R — regular mixed-layer structures, D — random mixed-layer
structures, + — structures confirmed but little studied, ? — probable structures, 1 — allevar-

dite, 2 — corrensite, 3 — tosudite, 4 — tarasovite

menon of segregation (non-miscibility) of interlayer cations. The inter-
layer sites are filled succesively by: (Nat, H;O), (K+, Nat), (Ca2t, Hy0)

(Lazarenko, Korolev 1970).
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CONCLUSION

Layer and layer-ribbon clay minerals are sufficiently well recognized
to malFe uniform their nomenclature and to establish their consequent
classification assuming as the basic criterion the structure of a layer (ho-
motypic-layer structures) and type of interstratified layers (heterotypic
layer structures). 4

The aim of the present paper has been to present some proposals in
this matter taking into account the data published up to 1971 concerning
clay minerals. The progress in mineralogy is the cause of fast outdating
of every classifications of minerals, and the constant necessity of their
rearranging and supplementing.

The classification of the clay minerals should be, in particular, sup-
plemented by including allophane, imoglite and kindred minerals, which
are at present too little understood to make it possible to propose their
classification and standarization of their nomenclature.

More detailed elucidation is required also in the case of relation bet-
ween crystalline structure of stilpnomelane and related minerals: gano-
phyllite and bannisterite and other layer silicates, in particular micas.
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Przy muiejszej zawartosci nalezy stosowa¢ nazwe od i j i
pakietow w strukturze mineraluyz dodatkiem pr(;ymi%(;‘r}rilﬁg a\?\?s(i?a;gjpaoct-l
go na obecno$¢ danego pierwiastka (np. wermikulit niklowy chloryt
chromowy itp.). , 7
; "Pyoponuje_ sie uporzadkowanie nazewnictwa serpentynéw (tab. 1 i 2).
Bgzmce pomledzy serpentynami magnezowymi, magnezowo-glinowymi
i z,e‘lazawo—zelazowymi ilustruje figura 1. Sklada sie ona z dwu diagramow
trojkatnych na ktore naniesiono punkty przedstawiajace obsadzenie war-

stwy oktaedrycznej serpentynéw przez rézne kationy, zgodnie z wzorami
zestawionymi w tabeli 2.

OBJASNIENIA FIGUR

I'ig. 1. Podziat }(rzcmianc’)w warstwowych trioktaedrycznych, typu 1:1 wedtug skla-
du chemicznego warstwy oktaedrycznej
Punkty odpowiadaja mineralom, ktorych wzory zestawione zostaly w tabeli 2
Fig. 2. Podzial mineratow ilastych o mieszanej strukturze pakietowej

. I a — struktury krystaliczne zbudowane z pakietow heterotypowych, b — struktury
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g ) y { j ypeinionej w rozny sposéb, ¢ — modyfikacje polimorficzne lub politypowe;
WEIR A. I%., GREEN-KELLY R., 12621 AT(:I. 81;15”12%_ 47, 137. R — struktury mieszane o przewarstwieniach regularnych, D — ©0 przcwarstw;eniacl.
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1 — allewardyt (rectoryt), 2 — corrensyt, 3 — tosudyt, 4 — tarasowit
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‘*: 0 KIACCU®PUKALIUU U HOMEHKJIATYPE FJIMHUCTBIX
Leszek STOCH | MHHEPAJIOB

;{

] PesoMe

0 KLASYFIKACJI I NAZEWNICTWIE MINERALOW ILASTYCH g

B pabote mpejcTaBieHa JeTasbhas KaaccH(uKaLust TAHHHCTBIX MUHEpPa-
Streszczenie JI0B, OCHOBaHHAsl Ha KPHCTAIOXUMHYCCKHX H CTPYKTYPHBIX KPHTEPHAX,
i ¢ yueToM HOBEHUIMX XapaKTePHUCTHK STHX MiHepa/sos. B KauectBe KiaacCH-

W pracy przedstawiono szczegotowa klasyfikacje mineratow ilastych (UKALMOHHOrO KPUTEPHS MHIIEPAJIOB € KpPUCTaJTHYeCKOI CTPYKTYpOil, CJIO-
; i ¢ e 1 ~ "1 A
opartg na kryteriach krystalochemicznych i strukturalnych, uwzgled- SKEHHON TFOMOTHITHBIMM MaKeTdMH, TPHHATO CTPOCHHE nakerop (rtada. 1),
niajaca aktualne dane dotyczace tych mineralow. Za kryterium podziatu a MHHEPAJOB CO CMEeUIaHHOH CTPYKTYPOH, CJOKEHHON TeTepOTHITHBIMH MaKe-
e 2 ; VIR, )

mineratéw o strukturze krystalicznej ziozonej z pakietow homotypowych i TaMu — THI i MOAHGHKALHI NAKETOB (dur. 2).

przyjeto budowe pakietow (tab. 1), a dla mineralow o mieszanej struk- 2 MunepaJsioryueckasi HOMCHKJIATYpd CJIOMCTHIX CHJIMKATOB Upe3MEepHO

turze warstwowej ztozonej z pakietow heterotypowych ich rodzaj i kom- , yeaoxiena. Onn XapaKkTepr3yloTes GOJBIIHMH KoJeOaHHAMH XHMHIECKOro

binacje (fig. 2). cocTaBa, 00yCa0BJICHHBIMH H30MOPGHBIMH 3aMeILeHHAMH KaTHOHOB B CTPYK-
wych jest nad- o Type muHepasnos. OTAebHbIM pa3HOBHIHOCTSIM MHHEPAJIOB NpUCBAMBAJIHChH

Nazewnictwo mineralogiczne krzemianéw warstwo y
miernie rozbudowane. Wykazuja one duza zmiennoéé sktadu chemiczne- yacTo pasuble HagBaHus. B macrosililee BPEM3 HaspeJs BOmpoc O ynopsiroie-

g0 wynikajaca z izomorficznego zastepowania sie kationow w strukturze. MUK ©X HOMEHKJIaTypbl. CaMocTosiTe/IbHOe HAa3BaHHE MOXKeT ObITb 000CHOBA-
Odmianom o rézn skladzie nadawano dawniej czesto odrebne nazwy. HO B TAKOM CJIyuae, KOrla CofepKaHne XapakTepHoro sJeMeHTa B CTPYKTYpe
Obecnie istnieje pjotrzeba uproszczenia tego nazewnictwa., Odrebna na- (Ni, Cr, Co, Fe u Jp.) HACTOJIKO BEJHKO, 4TO OHO CYLIECTBEHHBIM 00pasoM
zwa jest uzasadniona wowczas gdy zawartose charakterystycznego pier- MEHsieT CBOMCTBA 3TOrO MHHEepaJja, W/ e Korila OHO MpeBbIIIAeT MOMOBHHY
)
<rinstlea W shrukturze (Ni Cr, Cb, Fe isinne) jest na tyle duza, ze W SPO- KOJIMUECTBA KATHOHOB OKTa3ApHUCCKOTO CJOI (nanpuMep, BHJJIEMCEHT, HH-
] b i il !
sob istotny zmienia wlasnoéci danego mineralu lub gdy stanowi on wie- muT). [IpH MeHbUIEM COJepKatuy CJICLYET ﬂpMMer{Tbé Ha3BaHUE, coo:ag:_
cej niz potowe kationéw warstwy oktaedrycznej (np. willemseit, nimit). CTByIOLLlee THIY MAKeToB B CTPYKTYpE MuHepasa ¢ fo0aBJeHHeM MpHIare
o4 95




TeJbHOTO, yKas3blBAIOLIEro Ha MpUCYTCTBHE JaHHOTO sjaemMenTa (Hanpumep,
HHUKeJEeBbIi BEPMUKYIHT, XPOMOBbII1 X/JIOPHT H )

[Ipeanaraercst yNopsAOUHTL HOMEHKJ/IATypy CepHeHTHHOB (taba. 1 u 2).
Pasauuusi MeXAy MarHueBbIMH, MarHHil-aJI0OMUHAEBBIMH cepreHTHHAME
j CcepeHTHHAMH, COACPKALIMU 3aKHCHOE M OKHCHOE XKeJe30, noKasblBaeT
¢urypa 1. OHa COCTOHT U3 JBYX TPEyroJbHbIX HarpaMm, Ha KOTOPbIX TOUKa-
MH TTOKa3aHO IOCTpOEHHE OKTa3/ApHUeCcKOro CJ0s CepreHTHHOB pa3HbIMH Ka-
THOHAMH, COTJIOCHO (hopMyJaM B Tabsauue 2.

OBbSICHEHHS K OUTYPAM

@ur. 1. Kaaccuduranus CJIOMCTBIX TPHOKTa3ApHUECKHX cunkato tuma 1:1 Ha OCHOBAHHHU
XHMHUYECKOTO COCTaBa OKTa3/pHYEcKOro cJost
ToOYKH COOTBETCTBYIOT MHHepaJaMm, (bopMy.nb\ KOTOPbIX anEE}IeHb‘ B TaGnﬂue 2

®ur. 2. Knaccuukanus [ITHHHCTBIX MHHEpaJIoB CO CMelllaHHO- CIOHCTOH [aKeTHOMH CTPYKTYPOH
[ KpHCTa.’IﬂH'-leCKHe CprKTypbl, CJIOKEHHbIE Te’l‘epOTPlnglMH nakeramH, {0) KpHCTaJUlH‘!BCKHe
CprKTypb‘, CJ0XKEHHbIE TOMOTHITHBIMH makeraMH, HO C paSHblM BBIITOJIHEHHEM MEeKMNaKeTHOro
NpOCTPAHCTBA, € — noJuMOpdHbIE HIH TMOJHTHITHbIE Moaubukauuu. R — cMelIaHHbIE CTPYKTYPH
¢ peryaspHei caoucTocThio, D — cMelaHHble CTPYKTYpPBHl € GecrnopsiA0UHOH CJIOHCTOCTBIO, + —
J0cToBEpHbIe, €300 H3yueHHble CTPYKTYPEI, 2 — pepoATHbIE CTPYKTYPBIL | — annesapmuT (pe-
KTODHT), 2 — KOPPEHCHT, 3 — TOCYRHT, 4 — TapacoBHT



