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.Ab stract. Plagioclase phenocrysts of volcanic rocks of the Pieniny Mts. are
typically high-temperature in character, displaying well developed recurrent zonal
structure and fairly complicated twin-glomerophyric aggregations. The latters were
the subject of detailed investigations, the results of which are exemplified by means
of 8 grains (Fig. 1—8). In general, they from complicated intergrowths-consisting of
several, or even a dozen of individual crystals. The latters, in turn, consist usually
of twin subindividuals, generally intergrown according to Pericline and Albite laws.
It was necessary to examine all the possible combinations, the number of which (Nc)
depends on the amount (n) of differently oriented subindividuals and is expressed

nt—n N
by the equaticn: N, = Bl The twinning degree D = Ew% (N — the number

e

of twin relations) characterizes in general geometrical relations observed within
alomerophyric plagioclase intergrowths. Another feature of these intergrowths is
the presence of numerous twin laws in them. There occur nearly all these found in
plagioclases and orthoclase and nearly 20 unknown laws.

The results of these studies of glomerophyric intergrowths of plagioclases can
be summarized as follows: 1 — There are no accidental intergrowths in them; 2 —
All the intergrowths in question are based on twin laws; 3 — The simple laws dis-
play further geometrical relations resulting in complex twin intergrowths; 4 —
A complex intergrowth represents a closed cycle of twin transformations and shows
higher pseudosymmetry — from trigonal tc cubic; 5 — Pseudosymmetric systems
can be deduced by appropriate operations of twin triad, producing various types
of them; 6 — In glomerophyres consisting of larger amount of individuals, several
types of pseudosymmetric systems are formed which, in turn, can originate superior
pseudosymmetric systems; 7 — Complex twin (including all the individuals contained
in them) explain twinning phenomena in individuals, displaing no direct contacts.

Voleanic rock series occurring in the environs of the Pieniny Mts. in
Poland consists of nearly dacitic varieties, amphibole and augite-amphi-
bole andesites including even a basaltic member. All the rocks in questicn
display typical porphyric texture. Euhedral amphibole, augite and plagio-
clase phenocrysts are embedded in fine to medium-grained matrix. They
are up to several milimetres in diameter. Plagioclases are typically high-

* Department of Mineralogy and Petrography, Museum of the Earth, Polish
Academy of Science, Warsaw.

21



-temperature in character, displaying well developgd recurrent zoqal struc-
ture (Gumowska, 1964), and fairly complicated twm—gl.omerophyrlc aggre-
gation. Generally they are quite fresh, thus presenting a Very suitable
material for complex investigations.

Plagioclase phenocrysts, particularly the larger ones, _only rarely occur
as individual crystals. In general they form complicated intergrowths con-
sisting of several or even a dozen of individual crystals. The latters, in
turn, consist usually of twin subindividuals, generally intergrown accord-
ing to Pericline and Albite laws.

Individual grains can easily be distinguished because of well develo-
ped zonal structure. The anorthite content in these zones ranges fyo'm 3’2
to 60% (for amphibole andesites), whereby the commonest composition 1s
40 — 47% An corresponding to average anorthite content in phenocrysts
under examination (Gumowska, 1964). Very characteristic is regular deve-
lopment of their external crystallographic faces, whilst composition planes
within grains are often irregular in shape.

This type of phenocrysts was examined in detal by the present author
in order to reveal the spatial relations between individuals contained in
them. Detailed investigations by means of universal stage method have
shown that these intergrowths show high degree of geometrical regularity.

Preliminary examinations have shown that the majority of individuals,
even those displaying no direct intergrowths, exhibits twinning relations.
Therefore, it was necessary to examine all the possible combinations, the
number of which (N.) depends on the amount (n) of differently oriented
subindividuals or individuals. The relations are expressed by the equation:

=)
Ne—= - 9 - For the grains studied the number of possible combinations
was up to 100.
N-100
The value of D was computed from the formula: D = AT (where

N is the number of twin relations) determining the twinning degree of
a glomerophyre. This degree is often over 50%. Consequently it characte-
rizes in general geometrical relations taking place within glomerophyric
plagioclase intergrowths.

Another feature of these intergrowths is the presence of numerous
twin laws in them, including those which were not yet described. When
comparing them with the number of all the laws known thus far (Burri
et al., 1967) we see that of the possible 29 — 14 were found to occur in
plagioclases and 9 — in orthoclases. Nearly 20 laws were not indentified
in feldspars under examination.

All the distinguished laws can be subdivided into two groups: a —
occurring within individuals and connected with the earliest crystalliza-
tion stage, and b — displaying relations between individuals and thus
connected with later crystallization stage. Albite, Pericline, sometimes
Carlsbad, Roc Tourné, Manebach and Scopi laws were assigned to the
first group, whereas all the remaining to the second one. These are Carls-
bad, Roc Tourné, Manebach and Scopi too and less common: Baveno right
and left, Estérel, 1(100), 1(130), | (130). Moreover, to these group some
laws were assigned which were not yet reported to occur in plagioclases:

1(110), L(110), L(111), L(110), [110], [110], [112], [112] and completely
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unkown thus far: 1(221), 1(221), L@121), 1(011), L (011), L (101), [112],

[012], [121], [101 ot - Lialy Lpton)  Liio} o
@01 oLy (g% P oL

In.order to_ exlplain geometrical relations between these laws, some

short introduction is necessary.
! Plagioclases crysfcal]jzg in triclinic symmetry but in nature they usually
appear as twinned individuals of higher pseudosymmetry. According to
t}}e theory of twinning development of minerals (Vardanyantz, 1950), pla-
gioclases can be transformed into pseudo-monoclinic, rhombic trig’onal
hgxgggnal, tetragonal and pseudo-cubic block. Taking into accc;unt weak’
triclinity of plagioclases and their tendency to regular pseudosymmetry
Burri (19(37) _cons}ders them to be pseudo-cubic. Consequently he calls dif-’
ferent twinning intergrowths as pseudohexaedral, pseudooctahedral, pseu-
dododecahedral and pseudodeltahedral.

El'om geometrical point of view, all the systems of symmetry represent
gpatlal arrangement of diad rotation axes. Thus, in monoclinic system there
is one diad axis, in thombic — 3 mutually perpendicular, in trigonal — 3
diads situated in one plane at 60° relative to each other, in tetragonal — 4
axes in one plane at 45°, in hexagonal — 6 axes in one at 30° and in cubic
system there occur 6 diads so arranged in space that the axes of the nea-
rest triad are situated 60°, 60° and 90° among each other.

In is easy to demonstrate that by rotating the monoclinic system trough
180° about the axis situated at 60° with its symmetry axis we obtain tri-
gonal system. Similarly, if such axis is situated at 45°, the resulting
system displays tetragonal tendency, if at 30° — hexagonal tendency,
90° — orthorhombic system, since, as follows from Euler’s theorem, two
perpendicular diads create third one, perpendicular to them. Similarly, by
rotating orthorhombic system and around a diad, perpendicular to one of
its axis and situated at 45° with regard to second one — we obtain tetra-
gonal system and if this angle amounts to 30° — hexagonal one.

Cubic system can be obtained by analogical operations of orthorhombic
one around three mutually perpendicular diad axes, which with two diads
of the former system are oriented at 60°, 60°, 45° and with the third —
at 90°, 45°, and 45°.

These geometric regularities occur in spatial relations between indivi-
duals developed in twinned forms or between twinned aggregates. It
should be emphasized that from theoretical point of view such relations
can exist in all these cases when angular distances between twin axes
are the same or close to the above mentioned.

Such is the origin of complex twins of higher order (i.e., displaying
higher symmetry than orthorhombic — twin triads) which were found to
occur in all the glomerophyric intergrowths of plagioclases under investi-
gation. These twin complex intergrowths display various pseudosym-
metry — from trigonal to cubic. They originate by combination of various
twin laws which within individual systems of symmetry form their spe-
cific types. In general, their stereographic projections differ from ideal
model, depending on deviation of twin axes from theoretical ones.

Complex intergrowths are formed by twinning of originally twinned
individuals. Consequently, aparal from essential twin-axes formed by one
pair of subindividuals, there appear secondary ares — of the remaining
pairs. The latter directions not always correspond to definite crystallogra-
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phic ones, being often bisectrices between them. Essential and secondary
axes form a coupled system and subindividuals connected with them —
closed transformation cycles.

Essential axes are often bisectrices in character. Consequently, pseu-
dosymmetrical systems are often very close to ideal models. Nevertheless,
in some cases the situation might be different.

Moreover, complexity of this phenomenon consists in the fact, that
individuals (aggregates) participating in these intergrowths not always
contain the same number of subindividuals and show either identical or
different twinning. Finally, the same individual can participate in more
than one complex intergrowth. Sometimes this can lead to the formation
of a system showing higher symmetry or even to the origin of two or
more systems. If individuals are represented by albite-pericline twins,
there always originate two identical systems, displaying slight mutual
rotation.

When examining spatial relations in glomerophyric intergrowths, the
_ present author tried often to construct ideal projections, tending to sim-

plify the phenomenon in question and explain the mechanism of formation
of a complex intergrowth. Individual types of pseudosymmetry systems
were described by means of symbolic formulas proposed by present author.

EXAMPLES OF SOME TYPES OF TRIGONAL, TETRAGONAL,
HEXAGONAL AND CUBIC PSEUDOSYMMETRY

A. Pseudotrigonal system is formed by rotation of a twin-pair about
the axis, forming with its axis the angle of approx. 60°.

This symmetry is exemplified by a grain presented in Fig. la, b (am-
phibole andesite of Scigocki stream — 5/17), in which two similar types
were found to occur:

Ab-Ab/-J;(liQ)- ik
b (110)
2 fi—(—l—l—ol I
b_1(110)
Above the lingz in these symbols — direction of essential twin-axis is
presented, whilst below — that of secondary one. Bisectrix is denoted

by )7b77‘
: Subindividual A‘ with B, of the albite-pericline A B individuals was
intergrown according to the direction | (110). Consequently, two coupled
psepdotrlgonal intergrowths were formed: one connected with albitic sub-
gdwzdlox/a]s and the second — with pericline ones. The degree of twinning
= 4ilio;
Sysgrri?'ther examples of this symmetry were formed in pseudocubic
B. Pseudotetragonal system is formed by rotation of twi i
. : Si i -triads about
the axis perpendicular to one of its axes and ori 5° wi
e et riented at 45° with regard

The commonest type of this symmetry can be expressed as follows:
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. . 9 *
9-M:Sc:P L(021) :Sc: L2 " 1a _
b_lL (021 Se I (021)
1t is formed by combination of two triads Manebach : Scopie : Pericline
@i:iSc:P) \_Vlth_ essential triad Baveno-r : Scopie : Baveno-1l, resulting
from a combination of Scopie and Baveno laws. Another similar type:

g biabi Ay L IDES LOPUEE Syl
I b1:(021) ; Es : 1 (021)

origipates by combination of triads of the type: Albite — Ala: Estérel :
: Albite (Ab— A : Es : Ab). This triad is rotated by 4° about X axis when
compared with the triad M : Sc : P. Because of their similarity, they can

b110),8,
33

070},

O(010)4;3

I, Il @e= plagioclase grain (average — Anyg.s)- Hornblende andesite, Scigocki stream;

0 - stereographic projection _L[OOI]A1 B e twin plane of subindividuals
OEihetsameindividual et twin plane of subindividuals of different indi-
OGNS, ¢ 6 6 e 9o twin plane of subindividuals of hypothetical individuals

operate together and a third — intermediate — type of pseudotetragonal
system is formed. Another types appear in pseudocubic symmetry.

The grain presented in Fig. 2a, b (Malinowa quarry — 15/10) illustra-
tes all the three above described cases. It consists of seven individuals
A 183, (C), JD), 13y, 42 and G. A individual and B;; E, complex form triads of
M:Sc:P type, whilst Asg D, and B;, E;, complexes — triads of the
Ab: Es:Ab— A type. Since some of these individuals appear both in
pericline-albite twins, there occur not three but two pseudotetragonal

systems (Fig. 2b).

* < (021)/(021) & 90° for Ang o
* For plagioclase Any, Scopie = Esterel law (:(—()HIT = [100]\).
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Moreover, there occurs here another triad Albite: Carlsbad : Roc
Tourné (Ab: K :RT) in the complex A;;5 Csa and a special rare type of
triad [110] : (001 ‘—L%g)l’]) formed between G individual and Manebach
twin A, parallel with Fy, individual. Position of these two triads with
regard to tetragonal system resembles the distribution of elements in
pseudocubic symmetry. This intergrowth can be considered as a type of
superior symmetry resulting from superposition of systems of lower
symmetry. Formation of this type of symmetry, the twin relations of
which do not result from above presented definitions, is common in glo-
merophyres under examination. The degree of twinning D = 39.5%.

C. Pseudohexagonal system is formed by rotation of a twin triad about
an axis perpendicular to one of its axis and oriented at the angle of 30°
with regard to the second one.

One of the more interesting types of this symmetry:

/,[100] :(010) : i’%%%l)

2-K:Ab: RT[—— {101 L’ = 1(010)
[101] : (010) : =———¢
(010)

is formed by combination of two triads: K : Ab : RT by means of Estérel
law or according to [101] edge. Similar type can originate by cooperation
of triads of similar type: _L(100) : Pericline : Carlsbad-B — @lE@on: P
- K — B). The grain presented in Fig. 3a, b (Scigocki stream — 9/18) re-
presents the former type. It consists of four individuals 4, B, C and D.
Two of them are mutually parallel (A and B). In this case, two double
triads of A individual and CD complex are combined by means of its
subindividuals A,C, according to the Estérel law. The direction of the

[(010)g;3 -
(01985, 55

024

S
/021/413/\"

Fig. 2. a — plagioclase grain (average — Any,). Hornblende andesi iné
: 9)- H site, Mal. s
b — stereographic projection 1[100]a, B, £ ki R
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Fig. 3. a — plagioclase grain (average — Any,;). Hornblende andesite, Scigocki stream;
b — stereographic projection parallel to (010)4, c, o plane

latter is parallel with that of secondary twin axis of [101] edge. Carlsbad
subindividuals form correspondingly two subsequent and the same twin-
_axes, which are mutually parallel and perpendicular to the first pair.
All the axes are transformed by Albite Jaw and consequently two double
v 101
triads are formed of the type Es : Ab - Ab — A and [101] : (010) :—[(_OE]T Be-
cause of the presence of pericline subindividuals, there appears another
triad: b[101]: b_1(010) : b'li[(lo%%]). The degree of twinning D = 71% and
when taking into account Pericline law — D = 55%. ; .
Identical type of pseudohexagonal symmetry occurs 1n the grain
presented in Fig. 4a, b (Sztolnia stream — 2/9) between bi-individuals AC
and D E. Moreover, the new-formed triads: Ab : Es: Ab—A and similar
P:Sc: M, formed due to the presence of pericline subindividual A4; and
D,, are twinned with pericline twin B, according to Baveno laws and

form two subsequent pseudotetragonal systems. If and L' are perpen-
dicular. The degree of twinning D = 46%.

Another type of complex twin, displaying hexagonal pseudosymmetry,
is represented by the grain illustrated in Fig. 5a, b (Sztolnia stream — 2/6).
It was formed by combination of two triads Ab : K : RT according to

oy 1(130) 1(10) *
. e SR / _49& j,[(.),oﬂ]_i_;.l;_ It 7
2ol ol b1 (130) : [001] : b1 (110)

\ Z : e 1.001] e oY
* <y (130)/(110) 90°; <r (130)/(110) = 91°;  14110) = —63:6; : b1l(110) =D —130)°
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Fig. 4. a — Plagioclase grain (average — Any;). Hornblende andesite, Sztolnia stream;
b — stereographic projection _L[100]Alleo

Consequently, two triads are formed: essential 1(130) : [001] : 1(110) and

secondary — b_1(130) : [001] : b(110).
The grain in question consists of six individuals A, B, C, D, E and F,
whereby E= A and F = B. One triad in composed of two-individual
d one — of D individual. Pericline twins Ci,

complex A and B, the secon
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Fig. 5. a — Plagioclase grain (average — Anyy) Hornblende andesite, Sztolni
] erag : K , Sztol
b — stereographic projection parallel to the plane of thin sectiorrila G
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and A, are related by [110] law and form a coupled intergrowth of the
pseudohexagonal tendency.

[1—}&, L6 = 1(001), displaying

5 ol /
ks [110] ,
Degree of twinning — D = 40%. ;

Complete pseudohexagonal system 1s formed by com
triads of the type P:M: Sc or Ab:Ab— A: Es. The firs

bination of two
t one according

to the symbolic formula:
AL{pllen
[110] : (001) : ——(0—0’1)—‘ :
o PRMISE e e T e — S0
ik 107 : (001) : _J:[1_191

Lo 8 ( : = (000) S
i ifi i esented in Fig. 6a, ztolnia stream —
e theleg rtall"ligdplg M :Sc of Ay; and D, subindividuals 1s

1/5), in which a doub

1.[110] i 0
**—7)*0'1)* = b (221); “—“(001) b (221).
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related not with a triad but with a pericline twin E,; Consequently, an
incomplete system is formed, which in Fig. 6a is supplemented with a hy-
pothetical pericline twin F,; This essential axis is a bisectrix [110]
forming with [010] direction the angle of 30°. The resulting system cor-
responds to ideal model. Moreover, two other triads of the Ab : Es: Ab — A
type occur in this grain. They are observed between subindividuals A,
B,, and A;4 D, and are symmetrical relative to thetriadtPRERVIESS ¢l
These both triads give a resultant one — bP:bM:Sc. In this system

there also occurs a pseudotrigonal system of the PP /———— type be-

tween pericline subindividuals C,; and E,; which with hypothetical twin
F, , form the subsequent triads:
110 - 0
LllJ ALablb) 2 @ ILpLle)] & o 4‘—[}}7]
(111) (111)

b_L(iil) : (),J_]>171()| )

The degree of twinning D = 26%.

D. Pseudocubic system is formed by twinning operation of one triad,
consisting in rotation about three axes of the second one. The angular
distances between the latter and the two axes of transformed triad are
60°, 60° and 45°, while with the third one 90°, 45° and 45°.

These operations result in the formation of two subsequent triads:
one — composed of secondary axes, coupled with transforming ones and
parallel with them, and second — consisting of axes, each of which belongs
to one of previous triads and plays the role of tetrad axis.

Complete pseudocubic system is formed when four triads are inter-
grown. If their number is lower, the resulting complex display lack of
some elements of symmetry characteristic of cubic system. This is the case
with grain presented in Fig. 7a, b (Scigocki stream — 8/3) and can be
described by the symbol:

5 5 « 3 ¢ *
i o)
bl (221): b [(121): b[012]
5 oo et
Bl o10) ;0121 b [021]
in which four triads are related by the triad laws: J_(Qil) : _L(lél) 1 [012]
(the essential one). The latter is coupled with the triad: b_}_(2_21) o (o L) ¢
:b [012] (the secondary one) while the four tetrad axes triad is composed
of the directions: RT : [012] : b [012].

~ The grain, presented in Fig. 7a, consists of four individuals A, B, C
and D displaying the following twin relations: A individual, similarly’ as
the B one, is twinned according to triad Ab:RT : K, whereby A with
B gnd C3, with D are related by Baveno laws. B and C;, are pericline
twins and form a triad according to bisectrices of the directions
P.: 1.(100) : K — B. Consequently, the subindividuals 1, 2 and 3 of both
triads Ab : RT : K occur in the position expressed by the following laws:

¥ (99 T 244 5 = .l_[012] ik _1_012 ¥
e W oo G -"(221):*&;”]; ¥ @an/a21) = 87%
t % o
bLaay = 222 ) 5oy - BLIIZ
(221) (121)
20

1(@21) — A;D;, b — (221) — A;D,, and b 1(121) — AsDs.

Two former axes with those of the Baveno laws form pseudotrigonal
systems of the type:
2 [012]
Aoy
b.L(100)
b (221)
where the Baveno-1 twins and two Baveno-r ones were transformed ac-
cording to the axis b_1 (100).

The presence of one more individual twinned with A, or A, according
to 1(121) or b_l(121), respectively, would supplement the system thus

1) 1(021)-.L(021) /

9) ,J_(021)-_L(021)/ I} = b [012]
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Fig. 7. a — Plagioclase grain (average — Alsg). Hornblende andesite, Scigocki
o stream; b — stereographic projection (ideal) L[012] 4 c,B,D,

form?d in‘la.ckglg:a;;%/s __ one diad and two triads. The twinning degree
of tgilfngﬂr:;ri;spe can o:i.ginat'e by i;l‘corpora;irgg r:;;iiiy I-; ; Y;L&O(f)l r rfe; ti]
trarg?g:r}rlg:cigvgoozysridssh(;;vzlré% :011\14 lgrpifl;l: Esy: Ab‘— A according to the
R 1(021): b L(110) : LA *
4.P:Sc:M or 4-Ab: Es: Ab — i)il_?(ﬁli I'Vb—_[(]._i;)_i/b_l.(llf)

314 = _(021) : b 1(021) : |100]
o, These’ laws of both the tria
by appropriate directions of norma

ds (essential and secondary) can also be described
1, parallel and complex laws.
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The former is represented by the grain presented in Fig. 8a, b (Sci-

gocki stream — 8/15). It consists of a large bi- individual crystal A and B
related according to the triad Ab - K : RT. Parallel triad of the same type
is formed by C individual. Pseudocubic system consists of A, D and E
individuals, where A is an albite-pericline e, D) == 51mllar1y to E —
a P:Sc:M triad and simultaneously an albite twin. Since in this example
two triads are accompanied by a pericline twin (4;3), the resultant system
shows all the elements of symmetry, but does not contain a complete

Big. 8. a — Plagioclase grain f(average — Any;). Hornblende andesite, Scigocki
stream; b — stereographic projection L;\J[O()l].u1 o

amount of subindividuals. Another incomplete system, partly superposing
with the first one, was formed between albite twins, showing triadic
relation with Scopie — Estérel law. Degree of twinning — D = S

The results of these studies of glomerophyric intergrowths of plagio-

clases can be summarized as follows:

1
2
3

4.

There are no accidental intergrowths in these plagioclases.

All the intergrowths in question are based on twin laws.

Simple twin laws display further geometrical relations resulting in
complex twin intergrowths.

A complex intergrowths:

a) represents a closed cycle of twin transformations,

b) shows higher pseudosymmetry.

. Pseudosymmetric systems can be deduced by appropriate operations of

twin triads, producing various types of them.

2

6. In glomerophyres composed of larger amount of individuals, several
types of pseudosymmetric systems are formed which in turn can
originate superior pseudosymmetric systems.

7. Complex twins (including all the individuals contained in them) explain
the phenomena of twin relations between individuals, showing no direct
contacts.

; Apart from purely morphological results of this study, some observa-

tions were carried out on the occurrence of various types of intergrowths
undpr consideration in different types of andesites. The obtained data,
which are, unquestionably, of petrogenetic significance, clearly show that
there are essential differences in the character of feldspar intergrowths
in individual varieties of andesites. This refers even to rocks displaying
similar petrographic character and in which feldspars are very close in
composition.

Closing these consideration, let us consider some problems of the for-
mation of glomerophyric intergrowths. It is generally accepted that this
process is connected with early stages of magma consolidation and consists
in the attachment of individual crystals, drifting in the melt, into aggre-
gates displaying twin or parallel orientation. This process was called
"synneusis” by Vogt (1921) and recently by Vance (1969) whilst its pro-
duets — ’synneusis aggregates” and in particular cases of twin orientation
"synneusis twinning”. The term synneusis is generally overlooked but, in
this author’s opinion, should be introduced into petrographic nomenclature
as determining one of very characteristic processes taking place during
magma consolidation.

From petrogenetical viewpoint it is important to know what are me-
chanical and physical causes of this process and what are the forces of
attraction not only uniting drifting crystals but also causing their mutual
rotation. There are several hypotheses taking into account at least two
factors: movement of magma resulting in crystal drifting and joining and
the tendency to from assemblages showing the lowest free energy. All
these hypotheses were discussed in detail by Vance (1969). As follows from
these considerations, this process cannot be explained if the activity of
long range forces is not taken into account. Short range forces and other
factors are not sufficient to interprete the phenomenon under conside-
ration. In Vance’s opinion, long range attraction forces are electrostatic
in character. This problem is discussed more in detail in another paper of
the present writer dealing with further observations on oriented assem-
blages of plagioclase grains in igneous rock (Gumowska-Wdowiak, 1974).
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ZROSTY BLIZNIACZE W GLOMEROFIRACH PLAGIOKLAZOWYCH T SR e SR IR e (0 s oy
; ANDEZYTO“, 2 ks St e ziarno plagioklazu (przecigtny sktad — Any; z andezytu amfibolowego;

Potok Scigocki; b — rzut stereograficzny (idealny) L[012], . 5
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Fig. 8. a — ziarno plagioklaz -zeci : g ! 4
Streszczenie Potok Scigocpki;gb ——farzuut(gxtésgggxr-layfiz;{midl \;A[ga"ﬁ)uz dEndeZym amfibolowego;
e 1.2
Fenokrysztaty plagioklazow skat wulkanicznych Qko}ic Eieni_n wykq—
zuja charakter typowo wysokotemperaturowy, ceckl‘u;e je pigknie r(v)zw;—‘
nieta rekurencyjna budowa pasowa (Gumowska, 1964) oraz odznaczaja sl€
bardzo ztozong budowa blizniaczo-glomerofirowa. Stata sie ona pr:f,edfmo—
tem szczegotowych studiow, ktorych rezultaty zpstaly przgdstawwng na JIBOMHUKOBBIE CPACTAHHS B AT HORTR O BRIX
przykladzie ziarn, fig. 1—8. Ziarna glomerofirow stanowia .Zrost ‘klllriu, TOMEPO®HPAX AHJE3UTOB PAMOHA MbEHWH
czasem kilkunastu osobnikow, ktoére z kolei sg ztozone z subindywiduow !
plizniaczych, najczescie] wedlug praw: peryklinowego i albitowego. Ba-

3ogus TYMOBCKA-BAOBHAK

rgonibi s { dan \
dane byty wszystkie mozliwe kombinacje, ktarych liczba (Lc) dla r202mo Pestowe
n2—mn
zorientowanych subindywiduéw (1) wyraza sie zaleznoscig: Ne = ris # ®eHOKPUCTAJIIBl  [IATHOK/IA308  BYJIKAHHUECKHX TOPOJ OKPECTHOCTEN
N-100% F “SIGIQH;IV]O-\BHch‘WKnTeep}tlsi/i:HTom  MpH3HAKAMH THITHYHBIX BBICOKOTEMIIEPATYPHBIX
Stopien zblizniaczenia zas: D= N——’ (N — liczba zaleznosci bliznia- l(I‘yM}:)B:: iy 965) Hp‘o qe”bp?fg;:ﬂ"(‘);; ;;ggg}ll)i“”“’““ 30HAJIbHBIM CTPOCHHCLL
£ y ] J 0BO-TJIOMEPO(DHPOBOH CTPYKTY-
czych) charakteryzuje najogolnie]j zaleznosci geometryczne dl‘a badanegq | poit. DTa CTPYKTypa Gbl1a TPeAMETOM JeTaJbHOr0 HCCIEA0BAHHST, Pe3y/bTa-
glomerofiru. Druga cechg badanych zrostéw jest wystepowanie mnogosci Tbl KOTOPOIO NPEJCTABJICHDl Ha MPHMEPAX (bur. 1'— 8). Tiomepodupossie
praw plizniaczych, w ich liczbie — prawie wszystkie znane dla plagio- 3epHa NPeJCTAB/ISIOT arperat HeCKOJAbKHX HHIAHBHILOB, KOTOpbIe, B CBOIO O4Yeé-
Klazow i ortoklazu oraz okoto 20 dotad nie opisanych. pe/lb, COCTOAT W3 JBOHHHKOBAHHBIX cyOUHAMBI/OB, Uallle BCEro Mo MepHK/IH-
Rezultaty przeprowadwnych badan zrostow glomerofirowych plagio- | HOBOMY WJ/IH aJbOUTOBOMY 3aKOHAM. WccenenoBaliuch BCe BO3MOKHBIE KOWi-
klazo6w mozna sformutowaé nastepuiaco: 1 — nie wystepuja w nich zrosty GUHALHH, KOJIXUeCTBO KOTOPbIX (Nc) B Pas3ITHuHO OpHeHTHPOBAHHBIX cyOHH-
przypadkowe, 2 — wszystkie zrosty zachodzg wedlug praw blizniaczych, PSR :
3 — pomiedzy prawami zachodza dalsze zwigzKi geometryczne, tworzgce | AMBHAAX (n) onpejlesieTcsi BhIPaXKCHHEM: Ne = T CreneHb JBOMH-
ztozone zrosty blizniacze, 4 — ztozony zrost stanowi zamkniety cykl prze- | N-100%
Kksztalcen i wykazuje wyzsza pseudosymetrie od trygonalnej do regularne] KoBanusi D = 0 (N — umHCI0 ABOIHHKOBBIX 3aBHCHMOCTEIT) Xapakre-
wlacznie (fig. 1b—8b), 5 — poszczegblne uklady pseudosymetrii daja si€ J N
wyprowadzi¢ przez odpowiednie przeksztatcenia triad blizniaczych; zalez- | pu3yer B CaMBbIX o6LUIX UepTax reoMeTpuuecKHe YCIOBHsS B H3yuaeMOM
nie od rodzaju triad — powstaja rozne typy, 6 — w glomerofirach o wiek- | riomepogpupe. CiuelylolnM NpHIHAKOM M3YUEHHBIX arperaTon sBJSETCH
szej liczbie osobnikow powstaje kilka réznych uktadow pseudosymetrycz- | MHOMKECTBO 3aKOHOB JBOMHHKOBAHHS, B TOM YHC/IE NOYTH BCE SAKOHKI H3BeC-
nych, ktore mogg tworzy¢ nadrzedne uktady o wyzsze]j pseudosymetrii, l? THBIE 110 IJaTHOK/JAAa3aM H OPTOK/Iasy H OKOJ0 20 10 CHX MOP HE OMHCAHHEIX
7 — zrosty zlozone wyjasniajg zjawisko zwigzkow blizniaczych pomiedzy 1 3aKOHOB.
niestykajgcymi sig ze sobg osobnikami. z PesysbTaThl MPOBEAEHHDIX naGuIo/ el raoMepodHpPOBBIX CpacTaHitil
| 1ACHOK/IA30B MOXKHO BBIPA3HTL B BHJIE CJELYIOULIHX 3akJoueHni: 1 — cay-
| YailHbIX CpacTaHuil HeT, 9 —— Bce cpacTaHusi COBEPIIAIOTCS CONIACHO JIBO¥HFi-
SPIS FIGUR \ KOBBLIM 3aKOHAM, 3 — 3aKOHOMEPHOCTH MOJlIeXKar NaJbHEHIIHM TeOMEeTPH-

YeCKHM CBA3AM, ()(/)])2\3yl01111'ﬂ\'1 CJIO2KHDbIE ILBOlqu!IK()BbIe cpacraHus, L

Fig. 1. ¢ — ziarno plagioklazu (przecietny sklad Ans z andezytu amfibolowego, | CJIOXKHOE cpacTanne oOpasyer 3aMKHYTDBIH LK/ BIJIOI3MEHEHHIT H o0Jajaer
Potok Scigocki; b — rzut stereograficzny _1_[001]A1 SR linia — — — — plasz- 2 [ICeBAOCHMMETPHET BhICIIEH CTereHH OT Tpul‘onzmbl-ioi’l 110 reKkcaroHalbHY:O
czyzna blizniacza subindywiduow tego samego osobnika, Flinia i s o | BKJIounTeabHO (pur. 1b — 8b), § — OTAeJbHblE CHCTEMEI NCceBAOCHMMETPIH
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MOMKHO OmpeaeanThb nmyTeM COOTBETCTBYIOLLETO npeo6pasoanii JABOHHHKO-
pbIX TpHad; B 3aBHCHMOCTH OT BH/A Tpual 006pas3yroTCs pasnbie THIBL, 5 =
g raomepodupax ¢ GOJbIINM YHCIOM MHAMBHAOB BO3HIKAET 1eCKOJbKO Pas-
HbIX CHCTEM [ICeBIOCHMMETPHH, KOTOPLIC MOTYT JaBaTh CHCTEMDI [1CEBJLOCHM-
MeTpHH BbICIIEro nopsiika, 7 — cI0JKHbIE cpacTatid 06 bACHAIOT SIBJIEHHE
JIBOMHHKOHDBIX cp3ell Mexay MWHIMBHAAMH {e COMpMKACAIOUHMHCS JPYT
C IpyTOM.

OBBICHEHHA K OUTYPAM

dur. 1. a — 3€pHO naarnokaasa (cpeanuit cocTan — Anygs) M3 am(pn6051080r0 aHje3nTa,
pyuen Cunroukn; b crepeorpaguuecKas 1pOEKILHA ‘[_[001]_412131 i JHhAA
BOHHHMKOBAZ MJIOCKOCTDL cyGUHAMBHAOB O/AHOTO WHANBHALA, JIHHK
2 i P ,‘lBUi‘lliHKl)Bﬂﬂ JI0OCKOCTD (')’(Hlll,’kl\lill,l()ll [):l.“lbl\ HHANBHAOB, JIMaHA
----- ABOMHMKOBAA 11I0CKOCTE PHNOTETHUCCKHX CYOHINBILOB
dur. 2. a — 3epHo naaruoK/aasa (cpeauuit cocrap - Ang,) 13 ampnGoI0BOro aHAC3iTs,
kapbep MannHyB; b — crepeorpadpuuecKas IPOEKILHs 1 [100]a, B, E ¢
dur. 3. a — 3€pHO narnoKjasa (cpeanuit cocTaB —— Angs) M3 am(pn600BOrO aHjle3uTa,
pyueit CuHTOIKIL b — crepeorpaduuecka npoeKinsd B mnockoeri (010) 4, ¢, D
Gur. 4. a 3epHo [arnok/iasd (cpeannit cocrab Ang;) 13 ampuooa0BOTO AHjLe3NTa
kapbes MaanHoBd; b - crepeorpaduuecka MPOEKILHSL AL 25
dur. 5. a — 3€pHO naroKjaas’a (cpesnuit cocTaB — Any;) u3 am(pnb0Ja0BOTO AH/Le31Ta,
pyueit LIToabH; b — crepeorpaguueckas poeKiua B nockoeTH 1nda
®ur. 6. a — 3€pHO nJaruokiasa (cpennuit cOCTaB — Any;) u3 ampu6oI0BOTO anjesnTa,

pyueir IITOJBHS; b — crepeorpaduueckas npOeKIus B MIOCKOCTH (()Ol)A2 DS
3 P2,

dur. 7. @ — 3€pHO nJaruoKsas’a (cpeaunit cocTaB — Anys) 43 am@ub0I0BOro anjesnTa,
pyueit ClMrOLKH; b — crepeorpaduueckas (mpeainbHast) HpOCKIHI 11012 4 ¢,B,D
18421

Our. 8. @ — 3€pHO niaruokaas’a (cpeanuit cocTaB — Anys) 43 amM(uB0I0BOTO aHe3uTa,
pyueit CuHrOUKH bl — crepeorpaduuecka [pOEKILUs 1oo[001]p . E
QoA



