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STEFANIA DAVIDOVA*

THE GRADE OF ORDER OF POTASSIUM FELDSPARS OF PEGMATI-
TES IN THE TATRIDES

(Fig. 1—10).

Abstract: The objective of the work is the study of the structural
state of potassium feldspars of pegmatites in the Tatrides and its interpre-
tation to genetic conditions. The structural state as grade of order of po-
tassium feldspars has been found out from optical and X-ray data. It
has been established that for determination of the potassium feldspar
modification several methods should be selected. The majority of po-
tassium feldspars of pegmatites from the Tatrides have been determined
as perthitic maximum microline, intermediate microlines and only a small
amount as orthoclase pertite. The grade of order of potassium feldspars
increases from the margin of pegmatite bodies towards the centre and
independently on the colour of potassium feldspars. Direct dependence
has been found between trielinity and the size of crystals. The lowest
degree of triclinity display feldspars from porphyroblasts, indicating
different conditions of their formation.

Peswowme: Leasio paGoTel ABJASCTCs  H3IYUCHHE CTPYRTVPHOTO  COCTOSINS
KAANEBBIN NOJCBLN WNATOR NCTMATHTOR TATPHL I CFO HUTCPIPETAIHA B CRH3N
¢ renerngeckuMit veaonuamin CTPYRTYPHOE COCTOSHHE B KAUCCTBC  CTONCHN
VIOPSIOUCHIST KAJHeBHX NOJAEBLIX MIITATOR ONPeles10Ch TOMOIBIO ONTHICCKITN
I PINTIEHOMETPHUCCKIX JIaHHBIN. YeTanoBaeno, uto JLIA onpefeaeiis Monindi-
KaIU KagaieRoro mOJeROTO Inata Hano mpuMenstnh Gosnte Meronos, Bojb-
WHHCTBO KAJCBHIX MOJCRWX IUAATOB H3 MerMaTiTon TaTpiil YCTanosaenn Kax
NEDTHTORBIC MARCHMAALHBIE MUKDOKJANILL, (CPOXOANBC MUKPOKJANIBL B TOJIRKO
HHUTORHOC KOJUUMECTRO OTHCCCHO K OpToraaz ieptuty. Crenenn viopsiouenis
KATHEBRIX NOJCBEIX WNATOR NOAHHMACTCH OT KailMbl NerMaTHTOR B UCHTD I He-
FABICHMO OT HBOTA KATHEBLIN MOJCBHIX naTor, MeauLy TpHEIIHOCTHIO 1 pas-
MCPOM KPHCTAIOR VCTANORICHA NPAMAs 3aBHCHMOCTD,

Ideal formulas for feldspars are MT,Oq or DT,Oq where M represents an uni-
valent element and D a bivalent element. In positions M may occur K, Na,
more rarely Rb, Cs and in positions D Ca, more rarely Ba, Sr, Pb. At high
temperatures Na and K may occur in positions M in various proportions. The
same is valid also for representation of Ca and Na but not for representation
of Ca and K. T positions are occupied by Si or Al, which may be variously
distributed in tetrahedron skeletons. According to the character of distribution
ordered and unordered states are forming.

Already T. F. W. Barth (1934) supposed that polymorphic modifications
of K-feldspar are evoked by distribution of Si and Al in positions T. This
supposition was confirmed by later studies (W. F. Cole et al, 1949; S, W.
Bailey, W. H L Tayvlor, 1955 and other authors). Completely unordered
feldspars have monoclinic symmetry and are triclinic-ordered. Monoclinic and
triclinic symmetry are only marginal states of structure, between which there
are various transitions caused by distribution of atoms in T positions and the
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presence of domains of various structural states. The modes of order are diffe-
rent in AlSiy and Al:Si: groups.

In monoclinic alkalic feldspars are 2 positions T of atoms Ty and T» and in
triclinic ones are 4 positions T of atoms-T,O, Tym, T20, Tam.

According to T. F. W. Barth (1969) potassium feldspars have 3 extreme
variants regarding to distribution Al/Si: 1. Al Si distribution is completely
unordered and in ratio 1:3 Al:Si will be 25 Al and 75 Si in positions T, and T»
in monoclinic system. Comparing with triclinic feldspars with four positions
T, Al occupies each 25, To this state corresponds the formula K(AlSi):Os, 2. Si
occupies positions ToO and T:m. In positions T/O and Tim is Al statistically
distributed up to 50. The formula for such a feldspar is K(AlSi):Si:0: 3. One
of four positions T, i. e. TiO is occupied by Al and the others by Si. This is
a completely ordered distribution with the formula KA1Si;O-.

Alkalic feldspars formed at high temperatures are not only disordered but
also form solid solution. With sinking temperature substitutional disordered
structure becomes unstable and the solid solution passes into stable state but
to one ordered phase or mechanical mixture of two phases with own order.
According to H. D. Megaw (1962) it depends only on the circumstance
whether equal atoms have the fendency to occur side by side or prefer other
atoms.

The change of symmetry from monoclinic to triclinic in alkalic feldspars is
characterized by arrangement of structural domains. A typical product of chan-
ges is the intime domain structure, in which the domains are connected accor-
ding to the albite and pericline law. If twining is balanced, the feldspars are
optically monoclinic, if not, the optical properties are triclinic. Therefore it is
possible that optically monoclinic feldspar is determined as X-ray triclinic.
F. Laves (1952) mentioned 3 types of monoclinic feldspars after the fact,
whether optical and X-ray data point to monoclinic symmetry or X-ray data
point to triclinic symmetry, which may be shown by various intensity of dif-
fusion of reflections of some surfaces. For this reason J. V. Smith (1974)
suggests to specify symmetry according to the applied method.

In the work presented the subject of study are potassium feldspars of peg-
matites from the Tatrides and some porphyroblasts from the surrounding rocis.
On the basis of microscopic analysis from 650 samples 110 were chosen for
a more detailed study of the structural state. The studied potassium feldspars
of pegmatites are from various zones of relatively slightly differentiated peg-
matites from the Malé Karpaty, Low Tatra, Western Tatra, Velka Fatra, Mala
Fatra, Mald Magura, Ziar. Branisko and Cierna Hora. The majority of potas-
sium feldspar samples are from the zone of block microcline and quartz-feld-
spar-mica zone, a lesser amount from the graphic and aplite zone of pegmatites.
The porhyroblastis are from various types of granitoids and migmatite gneisses
to migmalites from the vicinity of pegmatites. Designation of samples in the
tables and graphs is in accordance with the localization mentioned in the work
by S. Davidowva (1977).

The investigated potassium feldspars belong to various types of perthites.
Mostly spread are net, fibrous and banded macroperthites. less frequent are
spotted perthites. From genetic viewpoint segregation perthites predominate
over unmixing, segregational metasomatic, and recrystallization perthites.
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Optical properties

Optical properties of potassium feldspars are depending roughly on three
main factors: a) chemical composition, b) structural state, ¢) submicroscopic
twinning. All these factors have not equal influence on optical constants. To
the optical constants providing most information on the structural state belong
the angle of optical axes. position of plane of optical axes, extinction angle
NzA(010) on surface (001), NyA L (010)- or NgA L (010) in section (001) and bire-
frigence ,,b“ -« where ..b“ is index of refraction of optical direction, which oscil-
lates most parallel with crystal axis b.

In the potassium feldspars studied the following optical data were measured:
1. NeA(010), 2, 2Ve, 3. NyA | (010) and 4. position of the plane of optical axes.

I. The angle NeA(010) was determined on plane stage in the surface (001)
on fissile fragments of crystals as an average of 40 measurements.

2. The position of optical axes and the angle of optical axes were determined
on H-axes Fjodorov's stage in orthoscopic or conoscopic way. Determination of
the angle of optical axes was carried out in thin sections specially ground
according to plane (100) so that determination of angle 2V should be from the
exit of two optical axes. The number of measurements in the individual samples
varied from 5 to 10. The attained preciseness does not exceed + 3° also with
application of the conoscopic method.

3. Angle NyA 1 (010) was read from graphs on Vulf’s net. which were con-
structed in determination of the above mentioned relations on Fjodorov’s stage.
The attained preciseness varies around + 4°, The emror may be greater if poly-
synthetic twinnings according to the albite and pericline law are present.

Results of measurements

The measured optical characteristics are mentioned in Table 1. In the first
column are quoted the angles of oblique extinction on plane (001) as angle
Ne' to fissile fissures according to plane (010). The values measured vary from
0 to 18°. Measurements on surface (001) are lying in zone (010) and therefore
feldspars with monoclinic symmetry have the mentioned angle of oblique extin-
ction equal to 0 and feldspars with triclinic symmetry reach various values accor-
ding to several authors. According to A. Hall (1966) in untwinned potassium
feldspars the angle of oblique extinction on plane (001) varies from 0 to 16°,
according to 0. F. Tuttle (1952) from 4 to 19° and according to A, N. Win-
chell-H. Winchell (1951) from 0 to 15°. In Table are mentioned the
average values from 40 measurements. The data designated with cross included
measurements with zero value of the angle of oblique extinction. A survey of
distribution of the values of the angle of oblique extinction is given in the histo-
gram of relative frequency in Fig. 1. It is evident from the data that in the
feldspars observed the angle of oblique extinction most often varies within the
range of 8 to 16°, roughly corresponding to medium ordered to triclinic potas-
sium feldspars. There are only very few monoclinic potassium feldspars deter-
mined on the basis of the angle of oblique extinction in pegmatites of the
Tatrides although zero values were measured for many intermediate potassium
feldspars in determination of the extinction angle. It would be necessary to
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Table 1
Optical characteristics and modification of potassium feldspars from Tatride pegma-
tites
Connnuahon 1
modification |
Nead Nyd !
Sample (010) 2V | Sir | 1 (010) | Do A Or |after.opt. after |
data FANS
T | | micro- .
-24/ 5 0.8 72 ¢ max.
MK-24/2 82 | 0,95 86 | 7 dline |sitored, |
MK-76/2 0,90 |67 max.
microcl. |
MK-78,2 0,90 T4 | max. |
- i microcl. i
MK-86/2 17 82 | 0095 17 094 | 0,95 | 74 | micro- | max. |
R n cline | microel.
ne_ar 9 =9 | micro- max.
iMK 96 2b 82 0,95 18 1.00 | 0,95 72 | cline |mieroel.
[ e OB : He | max. |
}Mk 96/2s 15 82 ; 005 | 17 0,94 | 090 | 72 | ]
S S ! i |
! ; ' | o max.
!MK-163_2 | | | 1,00 | 7 Imicmd_ .
il Y — S— it ] e iy T g ___l_ — E, ——
| 17 i i | ma | max. |
| MK-17 3b 14 04 1,00 16 0,89 : 0,97 ; i3 : el
e | e e Lo | m L ooe loeel oo I | mam
| S . - | - max.,
iMK 173 | 15 | 82 I 0,95 15 083 | 093 | 74 | bt

" ’ i | ! max.
| M- | ! ! 0A571 38 | muierocl.
MK-633 | ‘ i 5 | 093 | T2 -

| ! microcl.
I . | A I (R I B . 7
I 5 | i | max.
| ME-673 - , | 300 o8 microcl. |
o L. — _ e e — S
y _ | ! | -4 | micro- | max.
MK-6 4 18 ‘ 80 0,90 'p 16 I 0,89 | 0,90 ‘ T4 | ) imicrocl.
AAEE— | | I"__‘ —
; | | | micro- max.
| MK-20 4 | B0 | 090 | ‘ 0.98 | 69 etasbogll L s
-— — —_— —_— — | - _—|~ —'_._.‘_. P — _1!
o . " , = | =y | micro- | max.
MEK-2§ 4 16 | 86 i 1.05 18 ! 1.00 © 0.85 T4 | cline !Im(:I ocl
—_— e e J— _i i_ o S
| | | —

. | | | max.
ME-105 ‘ 0.91 | 70 | ‘m_luocl
[ : I | = | _— | o ‘ micro- i max.

1= 2 | o 4 T | L
NT-1 | 1 [k | 0.85 ! 14 ! 0,78 i 0,76 . 7 | cline |microcl.
o i : I | | = EE micro- i max.
NT-8 | 14¥ 6 0.80 ; . 0,79 ! BB dline | lmieraal. |
T ' T e | ¥ sitho. | BD
NT-9 IS 68 | 0.60 | RD | 76 | T | K-feld-

clase

| spar
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=

NT-59

NT-66

NT-67
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clase

Table 1. Continuation 2.
| i | | modification
Nad | Ny N
010) Wea| Su 1 (010) Ay Ay | Or |after, opt.| after
! data A
——— T
N - ¢ , ortho-
9 70 0,65 0,69 63 clase K-feld-
| S sl | Spar
; . ortho- ortho-
8 76 0,80 0 L clase clase
! | :
' | 0,80 | 66 SR
| | microcl.
[ ‘ ortho- RD
. 3 a2 2 .
9 70 | 065 12 | 0.67 | 0,34 | 82 | clase | ortho-
______ A | _CIi'le
4% ! 00 00 00 | 66 | ortho- ‘ ortho-
| | ! | [ clase | clase
| | u - micro- ' max.
; 0,93 ;
16 ] | 2 cline mmod
I ‘ | . | micro- | me
; 93 | 080 | 086 | 71 pucro max.
5| 8L 093] 16 | 089 | - T cline | microcl.
12 80 0,90 ‘ 12 | 067 076 | 78 | micro- | max.
. . ; { cline |microcl.
| = - : |
: i | [ : 3 RD
8 | 78 | 085 8 044 |ORD | 62 | ottho- | io-
| | - clase I
- | clase
| i | | ) RD
12 w085 | 0,59* 54 “;ﬂilg‘ micro-
_ | | o . T | cline
! ortho- |  RD
10° 74 0.75 ! | 0.66 72 | clase micro-
- | | | —— -
| | | - = HRAL _
! s | 0gs | 12 | 067 | 0.0 | 68 | ortho- | ortho
. : | . | | clase i clase
= R RN = , =
n 091 | 69
| i microel.
' ortho. | RD
10 72 (070 9 | 050|041 | 78 | Ortho- ¢ o
| clase s
N S ' _clase
12 85 | 1,03 | 080 | 4g | micro- | max.
cline |microcl.
. ' Eiat
085 14 0.78 e | BD
12 0.64 8l Oﬂ.t,‘{:‘_ ‘ micro-
58| 035 | 0 0.0 ' ! cline
[ | | | clase
i i | ; ; micro- max.
15 6 0.80 | 001 83 | line |microcl.
P — | —‘ —
'ORD 39 ortho-
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Table 1. Continuation 3.
i ‘ ‘ i | ~ modification f
S Nad |, g | FEed | & .+ lafter after |
Sample (010) 2V e v L (010) o v Or |after.opt.| after |
I | data | O |
- ! _-.1 . — | K — BD - |
NT-91 13 1 | 070 | 76 I micro- |
‘ o B ___|_cline
[ mqon| 1 ||
o ! S | I e e T e
i r 5 1 - RD |
NT-97 6* 64 | 0.50 6 033 | RD | 79 O‘l_ 0 | K-feld-
. B - ‘ clase L 59%3_
- _| I ortho 3
NT-101 9+ 8 0,85 0,30 38 Y ortho-
| | | clase clase
|- cai — 1 |
| | ortho- max.
NT-108 | 6* _E_ 050 | ] | 0,85 | 76 | Clase | microcl.
A | “orthos
R BB
I _ ] — i !_ max._
| NT-111 | %3 | 80 ‘microcl. |
'. — 1
: ortho- | ortho- |
| NT-114 0 68 | 0,60 2 028 | 0.0 81 |l s ke |
1 | |
= ™ orthios RD
| NT-120 10* 72 | 070 | 10 0,55 | 0.69 | 77 °‘l ;’ micro-
i i £lase cline
i 3 | . T
| - = micro- max.
| ZT-1 16 095 | T4 | cline |microcl.
| | ==
; micro- max.
‘ 773 10 82 | 095 | 13 [ 072 | 0,73 | T2 cline |microcl.
‘ [ " ortho- BD
| ZT-8 10* 72 1070 | 10 | 055 | 065 | 77 | . ce | micro- |
I ) : __cline
—r o | micro- max. |
! ZT-15 13 0,75 62 cline | 'microcl. |
= R e == { | i |
i ‘tho- ortho-
ZT-16 74 | 076 | : 0.0 ‘ | T | e |
|
B o o ' 1 | micro- max. |
ZT-20 13 88 | 1,10 | 18 i 1,00 ‘ 1,00 | 66 |- TS linitkogt., |
= = T .. | micro- | max.
ZT-22 15 ! I 095 = 63 | oline |microcl.
e e |,
ZT-41 15 | 80 |09 | 16 089 085 52 g il [P e |
| \ _
- — == — | | | | o -
ZT-41p 10 76 | 080 | 14 078 | 63 | “;if:lg'?!
R - ] —— — i
| | I 2
ZT-49 | |16 089 086 69 | i

|microel.
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Table 1. Continuation 4.

Sample

Z7T=50

AT-52

| ZT-T6

| VI-51

VI'-61la

VE-61p

I\.-"l"tﬁi'%

VI-T70

| VI-T5a

|
VI'-Tap

VF-82

. MM-19a

MDM-19s

MM-22

MM-27

MM-33p

MDM-33b

MDM-53

MDM-G1

1

i modlfmatlon
Nal | NyA il
010) | 2Ve | Sw | 1 (010) | Lo | &r | Or [after.opt. after
| data | Ay
]
— T | %
_ . . _ micro- max.
16 84 | 1.00 ; 18 : 1,00 | 095 | 62 ! cline | microcl.
P - | max.
| | ‘ 0.85 | 68 | oroul.
S - — ——i — = '-“—I-_- =
max.
! 14 0,786 | 0,91 |[micr(:|Cl.
B _ micro- max.
6 0,80 ‘ 14 0.78 1 0,79 58 cline |microcl.
micro- max.
g4 | 1,00 ! 16 0,89 | 0,88 cline |microcl.
[ micro- max
15 83 | 0.96 16 0.89 0,74 | 65 cline |miecrocl.
. micro- max.
82 | 095 | 17 0,94 | 082 | 63 | " )ine |microcl.
. N micro- max.
13 86 | 1,05 15 083 | 0,86 | 68 cline |microcl.
micro- max.
10 86 | 1,05 15 0,83 | 0,85 | 61 cline |microcl.
G micro- max.
16 84 | 1,00 | 16 0,89 | 085 | 72 cline |microcl.
max.
0,85 61 microcl.
5 micro- max.
10 a8 1,10 14 0,78 | 0.86 76 cline |microcl.
max.
L] 075 | 75 microcl.
— — e
13 | 72 (o070 | 13 |072] 066 | 80 | °FNO | micro-
clase ;
. o 3 _clme
5 3 5 micro- max.
82 | 095 I 18 1,00 | 076 | 75 cline | microel.
. - } micro- max.
14 77 | 083 | 14 oae: | 03 | T | cline microcl.
1; : 84 1_00_ o :h";_. 71 | micro- I_-mi?o_-
il o i d'_“e ~cline
- micro- max.
80 | 0.90 0,73 | 67 cline |microcl.
| - - | l ITliCI‘(:-_ ma\
84 | 1.00 | 0.83 | 75 | “line |microcl.
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Table 1. Continuation 5.
I modification
Ny A |
Sample ({ﬁg) 2Ve | S l i (];}10) A Ar Or |after.opt. after
| data FAT
T = = — =
MM-64 10* 84 | 1,00 12 067 | 0,61 | 72 | ™Micro- ‘ micro-
cline :
- N cline
e RD
MM-65 8 | 085 ORD | 71 | ™&© | K-feld- |
cline | |
- spar
2 7 ortho- | max.
MM-66 2 0,70 0,83 69 clase  microel.
micro- max.
MM-67 84 1,00 0,90 | 75 cline |microcl.
e S ‘ I
micro- | max.
7-2 78 | 085 0,72 | 68 cite | mieeoo.
maXx.
Z-4 18 1,00 | 0,81 | 64 | tmrel. |
i ' max.
-5 0,88 64 micreel. |
0 S (A |
KA | micro- max.
Z-9 76 | 0,80 i 078 | 67 | cline |microcl.
S| o RD
7-13 70 | 065 RD | 58 | O0tho- |y falq-
clase =
: SN (S | - T | spar
| : ~ RD
7-18 72 | 070 051 | 65 | °ftho- | pleela-
clase
ol | | Spar
. { '
| micro- max. |
| MF-3 82 0,95 16 0,89 0,88 70 elina ]microcl.
| R |
RD
MF-5 ' 0,38 42 | ortho-
N o clase
’ ‘ max.
MF-21 0,88 68 e
| R — _Rﬁ'_l
MF-22 ORD 42 ortho-
‘ I | | clase
. max.
MEF-23 0.88 4 microcl.
= i rtho- | w4
MF-25h 70 | 0,65 RD | 64 °1 - | K-feld- |
| clase | “gpar |
R | I =
| MF-251r 68 | 0,60 12 | 067 | 063 | 68 °‘"lt11°' micro- |
[ | ; | case cline
i - ‘ & | ortho- max.
| MF-29 70 073 | 72 | hiortol.

0,65 |

|

clase |
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Table 1. Continuation 6.

i modification
Neah ] NyrA

Sample (010) 2V | S | 1 (010) | ©o | &r | Or |after. opt.| after

I i | | data Ay |
- Y _|__“_.|m:_| = - .__ ] B ‘_- ortho- ortho-
MF-32 | 72 l 0,70 ! 0,0 67 clase ! clase
: i B |__- 1 N _._ micro- ‘ ortho-
MF:38 ‘ | 78 ! 0s0 6.0 | 65 cline | clase |
MEF-: | ng | | ortho-
MFEF-37 | ; 72 _ 0,70 | RDM | 61 | “clase !mlcmcl.

o e i o N -_| mlClU— max.
MF-87 ‘ 80 ‘ 0,90 . 17 0,94 0,75 79 : cline mierocl.
N | | [ | RD |
B-1 B4 1,00 ! RD | 47 “éif;g K-feld- |

e B | T | spar |
. | | | : max.
B-5 ! 0,80 61 microcl.
o | - o micro- max.
B-7 | 82 | 095 08| B | “Gina lmicessl,
ENEB S | o micro- RD |
| B-8 86 1,05 | ORD 44 Ziine ortho-
clase |
VI = I S R— et = s
£ - micro- max. |
B-11 12 82 0,95 14 0,78 0,86 72 cline microcl. |
T T | micro- max.
B-15 82 0,95 0,85 72 cline |microcl.

: : ' ortho—- max.
CH-20 74 10,75 0,86 | 65 clase |microcl. |
— B . : | micro- 9 ;::_!
CH-24 16 86 | 1,05 17 0.94 | 085 | 67 cline |microcl. |

; | T | micro- max.
CH-30 |80 | 0,90 086 | 80 | ‘cline |microcl
P T e . ‘micro- | max.
CH-38 | 82 095 0,85 | 81 | dlins | nicieel
. __I - | | N _f__ SRR i (A ‘ ortho- - ortho- _|
DB 065 053 00 |00 |00 Wase | Aaea
= - - ] S | Ze
! l J ortho- ortho-
KV ! 0 57 0,33 | 0.0 0,0 i 0,0 | clase clase |

carry out measurements of microscopic blocks within individual crystals or
individual grains within one sample.

In the second column of Tab. 1. are placed the values of the angle of optical
axes. All the measured values of the angle of optical axes are negative. They
vary from 58 to 88°. The idea of frequency of angle 2V wvalues is given in
histogram, Fig. 2. The most frequent value of 2Ve is that of 79 to 82°. These
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data are partly different from the measurements mentioned by V. Mrmo (1955).
The asymmetrical character of the histogram with the maximum at higher
2Ve angle values points to most potassium feldspars as belonging to triclinic
symmetry also on the basis of 2Ve angle measurement. The angle 2Ve was the
basis value for determination of the modification of potassium feldspars ac-
cording to optical data. The limiting value for distinguishing of microcline and
orthoclase was 2V = -76°, taking into account the values N«A(010) and NyAL

(010).
16
s

121

o1 ||

o] 2 4 & 8

10 12 14 16 18
NOC'A(010)

Fig. 1. Histogram of relative frequency
ol angle Ne'l (010) in potassium feldspars
of Tatride pegmatites.
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Fig. 2. Histogram of relative frequency of
angle of optical axes of potassium feld-
spars from Tatride pegmatites.

Fig. 3. Projection points of values of po-
tassium feldspars from Tatride pegmati-
tes in the diagram of dependence of 2V
and chemical composition according to
J. V. Smith (1974), p. 380. 1 — grey, 2 —
white, 3 — pink potassium feldspars. NA
— low albite, VA — high albite, VS —
high sanidine, NS — low sanidine, O —
orthoclase, M — microcline, MN — maxi-
mum microcline. Long dashed lines se-
parate 4 series of alkalic feldspars. The
dashed curve delimits the field of perthi-
tes.

The angle of optical axes together with chemical composition was used for
total characterization of potassium feldspars according to the diagram compiled
by O. F. Tuttle (1952) represented in Fig. 3 and completed by J. V. Smith

(1974).
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Chemical composition of potassium feldspars was calculated from partial
chemical analyses by which contents of Na»O, K:O and CaO were determined
by the method described by J. Polakovié—J. Polakovidova (1966).
[n some samples the CaO content was determined by atomic absorption. The
analyses were carried out by Ing. Polakovicéova and Ing Streiko
from the Geological Institute of the Natural Science Faculty of the Comenius
University.

1" l
) 11

Fig. 4. Histogram of frequency ol the 0 2 4 & B8 10 12 14 16 18
angle Ny AL (010) in potassium feld-
spars of Tatride pegmatites.

NI Ab

The projection points of all the studied potassium feldspars, on the basis
of 2V and chemical composition, fall into the field of perthites, separated by
a dashed line from nonperthitic feldspars. The majority of points are concentra-
ted in the series maximum microcline-low albite and microcline-low albite. Only
a part of the samples [alls to the series orthoclase eryptoperthite, totally agre-
cing with the data mentioned in Tab. 1. and later determinations on the basis
of X-ray data. From the graph in Fig. 3 is evident, that placement into the
individual series is not depending on the colour of feldspars, which in the
crystalline region of the West Carpathians perhaps expresses the genetic type.

Submicroscopic twinning has only little influence on the 2V wvalue. The con-
tent of cryptoperthite has also slight influence on the 2V wvalue. According
to A, S. Marfunin (1962) 2V raises by 5 to 7° when the content of cryp-
toperthite inereases up to 40 %, of Ab component. This little influence of other
factors than order allows to apply 2V as criterion of the grade of order of potas-
sium feldspars” Triclinic order is expressed by the scale from 0 to 1 similarly
as X-ray iriclinity. The grade of order Su = 0,025 (2V—44) according to A. S.
Marfunin (1962). The calculated values Su are mentioned in the third
column of Tab. 1. In some samples Sir values exceed the unit value although the
later should represent samples with maximum triclinity. This deviation is evi-
dent [rom the extent of 2V determined on interpolation by A. S. Marfunin
(1962) who chose the interval 2V = —44° to —84°. If we, however, consider that
maximum microclines have 2V to —88° so the constant has o be changed to
0.0228 in calculation of Su.

The grade of triclinity is also measured with deviation Ny from L1(010), which
is zero in monoclinic feldspars and may attain the maximum wvalue 18° in
triclinic ones, The measured values of angle NyA L (010) are in Tab. 1. in the
fourth column., The measured values for potassium feldspars of Tatride peg-
matites vary from 0° to 18°. Their frequency is expressed in graph Fig. 4. This
histogram is of similar character as histogram 2V. The shape of histogram indi-
cates that neither minimum nor maximum values predominate. Most frequent
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are the values between 14° and 16°. The measured values of angle NyA.L(010)
were the basis for calculation of optical triclinity A, according to A. S. Mar-
funin (1962). The results are given in Tab. 1.

The order is not the only factor determining the value of optical triclinity.
Optical triclinity depends also on submicroscopic twinning, which does not
influence the 2V values. Therefore the value of optical and Str triclinity which
are recalculated to one comparable base need not be equal.

The values of angles NyA.L(010) in this table sometimes do not correspond to
the values of potassium feldspars, modifications of which are mentioned in the
last two columns of Table 1. In the nomenclature of feldspars on the basis of
optical properties it was taken into account only marginally as it belongs to most
precisely measured constants. Its unaccuracy results from two sources. On the
one hand unaccuracy is caused by weak evidence of fissility along surface (010)
in thin sections and it is often difficult to set up for measuring. On the other
hand the constant was only obtained on the basis of one measurement and is
not the average of several meauserements as e. g. NeeA(010). It was placed into
I'ab. 1. in order to point to the possibilities of application of the individual
oplical characteristics.

For comparison of the properties potassium feldspars from two known loca-
lities are summarized in Tab. 1., orthoclase [rom Loket near Karlove Vary
(KV) and orthoclase from Dolné Bory (DB). In orthoclase KV the angle
2V = -57° was measured, agreeing well with the data received by E. Pivec
(1973). The data of triclinity, however, disagree. For the Lokef orthoclase E.
Pivec (1973) quotes the value &r = 057—0,74. Our diffractographs did not
display indications of triclinity and so this orthoclase served as standard of
monoclinic orthoclase.

Determination of the grade of order on the basis of X-ray data

We know that polymorphic modifications of KAlSi,Og, which we also express
by the structural state of potassium feldspars, are depending on Al/Si distribu-
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tion in feldspar structures. Disordered feldspars have statistically distributed Al
atoms in individual T positions. Ordered triclinic feldspars have maximum Al
atoms placed in positions TiO. It means, according to H. Kroll (1973), that
Al is in fetrahedron chains parallel with (110) in disordered forms and Al i,
concentrated in tetrahedrons forming chains parallel with (110) in ordered
forms. As the distance Al-O is greater than the distance Si-O in disordered
modifications, distances in (110) are greater whereas in ordered modifications
are greater distances in (110). This fact may be applied for determination of
triclinity. These changes evoked by Al distribution in various positions T are
shown in diffraction record mainly on positions of reflexions of planes (060).
(204), (111) and (131), where not only shift of lines but also splitting occurs
in the last two positions.

The most frequent way of determination of deviation from monoclinic sym-
metry on the basis of diffraction records is X-ray triclinity. The term triclinity
(obliquity) & was introduced into literature by J. R. Goldsmith. F.
Laves (1954a. b) and is calculated according to relation &r =125 (diar — dia).

The basis for calculation of &, in-studied samples were diffraction records

prepared from powder preparations of separated out potassium feldspars on
X-ray goniometer.
Conditions: anticathode Cu. filter Ni, diaphragm 5 and 3. speed 1° per min..
time constant 8 and speed of paper shift 600 min. per hour. The sample was
inserted into the holder of preparation in form of pressed powder without using
binding agent., For determination of X-ray triclinity records in the sphere
2# = 18°—32° were made. Picture was taken 2x in some samples with standard
K BrO. The records were made in direction of higher diffraction angles bv
RNDr. E.Samajova. CSe from the Geological Institute of the Natural
Science Faculty of the Comenius University.

Results of triclinity measurements

Parts of diffraction records that were the basis for Ar calculation are in Fig. 5.
where the peaks in the area of diffraction angles 27 = 29° to 32° are plotted.
Already in the diffraction records we observe that the majority of potassium
feldspar samples have a doubled peak (131). indicating triclinic symmetry.

The values of X-ray triclinity &¢ are in Tab. 1. &y in potassium feldspars of
pegmatites from the Tatrides varies from 0 to 1,0 and we know that &r =0
is for monoclinic feldspars and &r= 1.0 is for maximum triclinic feldspars.
A survey of distribution of 4. values presents histogram in Fig. 6.

As the histogram shows, the most frequent triclinity value is within the range
of 0.8 to 0.9, the second most frequent class are the values 0.7 to 0.8 and 0.9
to 1.0, Least is represented the class from 0.1 to 0,2.

As the wvalues of X-ray., optical triclinity and Sw« are recalculated to
a comparable base. we mayv them compare mutually. Comparison is given on
histogram Fig. 7. The histogram of triclinity values frequency points to a com-
mon trend of the individual triclinity types. Most similar course display optical
and X-ray triclinity. The lower frequency of optical triclinity in contrast to X-ray
one is evoked by lower number of measurements. The frequency in class 0 to
0,1 optical and X-ray triclinity should be reversed but as it was already shown,
measurements of angle NyAv are loaded with errors. Frequency of S,, in the area
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of triclinic members is different from frequency of optical and X-ray triclinity.
Histogram of S values is of asymmetric course with most abundant frequency
of values 0,9—1. The deviation in this class is caused by the circumstance that
also values more than 1.0 were included in these frequencies, as a consequence
of 2V« angles larger than 84° measured in potassium feldspars of Tatride peg-
matites. Establishing the formula for &o, A, S. Marfunin (1962) did not
count with a wvalue higher than 84° although 2Ve =84 to 88° is quoted for
microclines currently in literature. Histogram of S,, therefore shifted by 0,1 right.
After the new recalculation is made, when a higher value 2V is taken into
account. the course of the histogram of S,. values will acquire an analogous
course as the histogram of other two triclinity values.

The relations between the individual triclinity types were expressed by means
of correlation coefficients and regression lines. The strongest positive correlation
has been found between X-ray triclinity and the angle of oblique extinction on
surface (001) with correlation coefficient r = 0,929. Strong positive correlation
is between the angle NyrAv and X-ray triclinity r = 0.879. Relatively strong is
the correlation between the angle of oblique extinction on surface (001) and
angles 2Ver = 0,714, Only medium correlation was calculated between the angle
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of optical axes and X-ray triclinity, r = 0.531. Correlation relations between
X-ray triclinity and optical constants are in Fig. 8. expressed by regression
lines. NyAv = 1,734Ar + 2,981 with 72,2 9, regression reliability, Ne’A(010) =
13,1254r + 2,650 with 86,3 % reliability and 2Ve — 11,9844 + 69,924 with
28,2 0/, reliability only. All these dependences point to the measured optical
constants almost parallely increasing with higher X-ray triclinity.
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Fig. 8. Lines of regression between the optical constants and X-ray triclinity.

08 |

#Ao:? l I
ol | | L E

__MKC'HVF ZT MM B I NT MF R B s

Fig. 9. Average triclinity values of potassium feldspars a) alter mountain ranges, i)
after colours.

The values of optical constants and X-ray triclinity were the basis for determi-
nation of modification of potassium feldspar as mentioned in Tab. 1. In the
names the structural state is taken into regard, The column of names has two
parts. On the lelt side are the names of potassium feldspars determined on the
basis of optical data. As the main criterion for the hames of potassium feldspar
the value 2V and the value of the angle of oblique extinction on surface (001)
were chosen. The right part of the column contains the names of potassium
feldspars, in which X-ray triclinity is taken into regard, The names of potassium
feldspars as maximum microcline are in accordance with the designation in-
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troduced by G. Guitart-R. R. Raguin-G. Sabatier (1960) for po-
tassium feldspar with &r from 1,00 to 0,80.

Other designations RD-orthoclase, RD-potassium feldspars and RD-microcline
were used according to pentamerous series of designation of potassium feldspars,
introduced by J. Touret (1967).

0,9 -

0,8

0,7~

A L

Fig. 10. Average values of X-ray triclinity in potassium 0,6}

feldspars of the individual zones of Tatride pegmatites.

P — porphyroblasts, A — aplite and pegmatitoid zone, i
ZKS — feldspar—quartz—mica zone, G — graphic zone, 0,5 =
B — zone of block microcline. P A IKS G B

The values of X-ray triclinity were used for characterization of potassium
leldspars in the individual mountain ranges, pegmatite zones and in colours.

The average values &r in feldspars from the individual mountain ranges are
recorded in Fig. 9a. Highest triclinity have potassium feldspars from pegmatites
ol the Malé Karpaty and least pegmatites from the Malda Fatra. When comparing
the obtained data with field observations of the character of pegmatite occurren-
ces (S. Davidova, 1977) we see that highest triclinity display potassium
feldspars from thickest pegmatite forms and lowest from least thick pegmatite
forms. Most friclinic modifications with average triclinity 4&r= 0.92 display
large crystals of potassium feldspars from thickest pegmatites of the Malé Karpa-
ty Mts. Lowest order &r = 0,54 has been found in little thick pegmatite forms
of the Mala Fatra, The second place as to the grade of order &r = 0,83 is taken
up by potassium feldspars of the Velka Fatra, the third by feldspars from peg-
matites of the Western Tatra &r = 0,79, the fourth by feldspars from the Mala
Magura &¢= 0,73, the fifth by feldspars from pegmatites of the Branisko
Ap = 0,71, the sixth by feldspars from pegmatites of the Ziar Mts. An exception,
according to Fig. 9a, are the Cierna Hora and Low Tatra. The low average
value &r for the Low Tatra is caused by the presence of several pegmatite types,
of which some contain orthoclases. in this area.

Fig, 9b, tracing relation between triclinity and the colour of potassium feld-
spars, shows that the greatest average triclinity value display pink feldspars,
a lesser one while and the least grey feldspars, the feldspars of all three colour
have monoclinic members, with &+ = 0 and maximum triclinie, with & = 1.00.
Statistically these differences in triclinity in dependence on the colour are in-
significant.

An interesting resulf shows Fig. 10. in which the average of X-ray triclinity
values of potassium feldspars from the individual pegmatite zones are plotted.
From the margin of pegmatite towards its centre we observe increasing tricli-
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nity values. The minimum value &r = 0,54 display potassium feldspars from the
marginal zone, including the aplite and pegmatitoid zones (A). Nearly an equal
value &r = 0,69 and 0,68 have potassium feldspars of the feldspar-quartz-mica-
and graphic zones, The maximum value 4. = 0,83 show feldspars of the block
microcline zone, A low triclinity value &r = 0,55 display porphyroblasts of po-
tassium feldspars in the surrounding rocks, with none of these feldspars deter-
mined as maximum microcline,

Discussion

On the basis of optical constants and X-ray data modifications of potassium
feldspars from pegmatite of the Tatrides have been established. In optical de-
termination as basis served the angle of optical axes, which from optical con-
stants most truly reflects the structural state. The other optical constants were
taken into regard in determination of modification. According to optical pro-
perties from 83 examined potassium feldspars 30 were determined as orthoclase,
from them 24 after the angle 2V and 6 after the angle of oblique extinction,
2Va was more than 76°. The remaining 53 were determined as microcline.

Between the individual optical properties positive correlation has been found
out. Strongest one is between the angle of oblique extinction on surface (001)
and angle 2Ve with correlation coefficient r = 0,714 and regression line.

NeA(010) = 0,422 . 2Ve — 21,534 with 51 %, reliability.

On the basis of X-ray triclinity values, with elaborated broader scale of mo-
difications of potassium feldspars (G. Guitard, R. Raguin. G. Saba-
tier, 1960; O. N. Christie, 1962; J. Touret, 1967) as in optical evolution,
70 potassium feldspars were determined as maximum microcline, 11 as inter-
mediate RD-microclines, § as RD-potassium feldspars, 8 as intermediate RD-
orthoclase and only 7 as orthoclases. From 30 optically determined orthoclases
six were veryfied by X-ray data only. From the remaining 4 were determined
as RD-orthoclases, 6 as RD-potassium [leldspars, T as RD-microclines, 4 as
maximum microclines and 3 have not been determined.

A high correlation between X-ray triclinity and optical constants has been
found:

Tyeapsy = 0,879

rye.,(010), &= 0,929 and only medium one for 2V

LCTEE S

with equations of regression lines.

NyAv = 14,734 . A 4 2,981 with 77,2 Y/ reliability
Ne'A(010) = 13,1 + 5. &+ + 2,650 with 86,3 U reliability
Ve = 11,984 . &¢ + 69,924 with 28,2 Y reliability.

It results from the above mentioned that if a higher number of measurements
of the angles of oblique extinction are carried out, so the statistical average of
the results approximates more the X-ray data than the data obtained from 2V
measurement. These facts may be clearly observed on histograms Fig. 4 and 7.
The fact that 2V has not provided closer data to X-ray ones than the angle of
extinction. may be due to lesser preciseness of 2V measurement, which can
result from unprecise establishing of the position of extinction in perthitic
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and often twinned grains. Albite—pericline twinning of potassium phase of
perthites, evident in “latticing®, is not a criterion for distinguishing of potassium
feldspar modifications. Obviously these results are valid for low-temperature
potassium feldspars only.

Conclusion

Potassium feldspars ol pegmatites from the Tatrides, on the basis of the above
mentioned investigation, were ranged into 3 structural groups, which are linked
by gradual transition. Most numerous is the group of maximum microclines.
Less potassium feldspars belong among intermediate potassium feldspars and
only a small percentage were determined as orthoclases. most of which are
bound to pegmatites of the Low Tatra. On the basis of chemical composition and
optical properties potassium feldspars from Tatride pegmatites are perthites,
macro-and less microperthites, which belong to the series microcline — low
albite and maximum microcline — low albite, only a small part (5) belongs to
the series of orthoclase perthite, not depending on the colour of potassium
[eldspars.

The changes of the structural stage of potassium feldspars are controlled by
many factors. The increase in triclinity, which is the measure of the structural
state towards the centre of pegmatite bodies of the Tatrides, points to the possibi-
lity of rising effect of volatile components and sinking crystallization tempera-
ture in the development cycle of pegmatites. The low grade of order of porphy-
roblasts of the surrounding rocks of pegmatites where the possibility of rapid
crystallization is little probable may be induced by higher temperature of origin
than in formation of potassium feldspars of pegmatites.

The conditions of formation of potassium feldspars in pegmatites in the in-
dividual mountain ranges seem to have partly been different. Most fluidal com-
penents contained the environment of formation of pegmatites in the regions
of the Malé Karpaty and Velka Fatra where potassium feldspars display highest
triclinity and least in the Ziar area, with least triclinity. A similar case is also
the rate of temperature sinking. In general it may be stated that the environment
in which pink potassium feldspars originated, was characterized by slower sin-
king of temperature and higher content of volatile components than in grey and
white potassium feldspars although this relation is valid on an average only.

Translated by J. Pevny
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