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5. DAVIDOVA,* A. DAVID**

DISTRIBUTION OF SOME TRACE ELEMENTS IN FELDSPARS FROM
PEGMATITES OF THE TATRIDES

(Tabs. 1—6, Figs. 1—9)

vy Abstract: The work deals with the content, distribution and
Lol - relation between Li, Rb, Cec, Tl, Ba, Sr, Pb, Mn, Fe and Ga in 137
MM\ @ feldspars of Tatride pegmatites. The contents of trace elements
are compared with data from literature. By the method of statis-
tical analysis the parameters for the whole group of trace elements
or for the subgroups, selected according to genetic — topographic
marks, have been found. For dinstiguishing of potassium feldspars
in subgroups elements with decreasing significance from Ba, Sr
and Rb were established as most suitable. We separated two asso-
ciations of elements bound to plagioclase — Ga, Mn, Li, Sr and
potassium phase — Ba, Cs, Tl, Rb of potassium feldspar. Correla-
tions, dispersion and variations as well as the contents of the men-
tioned trace elements coniributed to completing of the crystalliza-
tion environment of feldspars from Tatride pegmatites, which is
characterized by low content of trace elements — Li, Cs, Tl, Rb
and high content of Ba, Sr, Fe.

Peswome: PaGora sanumaerca comep/kaHueM, pacTpelelleHHEM H OTHOILe-
wuamu meskay Li, Rb, Cs, Tl, Ba, Sr, Pb, Mn, Fe u Ga B 137 noxnesux
wratax nersatuTos tatpui. ComepHaHHi CAENOBBIX BJCMEHTOB CpaBHEHL
¢ IAaHHLIMH JiTepaTypel. MeTonoM CTATHCTHHECKOrO aHalH3a ONpenesmll
mapaMeTpel IUIA [E]0i TPYINLl CHENOBEIX SJIEMEHTOB HJIM OIS CYSTPYIN,
orofpaHHBIX TI0 TeHeTHYecKo-Tomorpaduueckuy auaxaM. Onpemenmnu, 410
OA Pa3JMHMEeHHsA KaJWIHBIX TIOJEBBIX IUNATOB B CyOTPYHHAX CAMBIMM TOI-
XONAUITMMH ABJIAIOTCA 9JEMEHTH € IIOHIDKADIMMCH 3HaudenueMm or Ba, Sr
mo Rb. Buinesman 2 accoumaumu 37AeMeHTOB CBA3AHHEIX HA IIATHOKIAIOBYIO
— Ga, Mn, Li, Sr u xanuesyo ¢asy — Ba, Cs, Tl, Rb xanuitunix none-
Beix mnaros. Koppemaumw, paccesnme W BapHalHH, Kak M CONEpKaHild
MPHBENCHHEIX BBHINIE CHENOBLIX BMEMEHTOB CONEHCTBOBANM IOPHCOBAHMIO KpH-
CTANIMSALMOHHON CPENsl TONEBRIX WNATOB TErMaTHTOB TaTpiL, KOTopas xa-
PaKTepH3IoBaHA HH3IKHM conepaHueM ciaenossix anementos — Li, Cs, Tl, Rb
M BRICOKMM coxepskanmem Ba, Sr, Fe.

Introduction

The contents of trace elements in minerals are an indicator of geological
processes. Their investigaton is of greatest importance in the so called
transitional minerals, i.e. such ones, which are forming under various
genetic conditions. To these minerals in pegmatites and granites also felds-
pars belong. Feldspars originate in a wider interval of temperatures and
pressures. The high-temperature varieties will be enriched in isomorphous
admixtures of elements, which, although not corresponding strictly to iso-
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morphous conditions in magnitude of ion radius, strengthen the structure
of feldspars. The high pressure hinders isomorphous entrance of great uni-
valent ions to positions of cations and makes possible entrance of bivalent
ones with higher coordination, resulting in formation of phases with smaller
parameters of crystal structure. Of particularly great importance in iso-
morphous replacement are pressure and temperature in magmatic systems,
where equilibrium occurs not only between the crystalline and liquid phase,
but also gaseous. A further important factor of isomorphism is concentration
of trace elements, which increases in many elements with advancement of
crystallization and further, crystallochemical factors and pT conditions. The
purpose of such pursuing of trace elements in feldspars is not only geo-
chemical characterization, but mainly helps to solve their genesis and fo
trace changes of pT conditions during crystallization.

The group of the investigated trace elements was selected in accordance
with data from literature and possibilities of laboratories. The purpose was
to obtain as much as possible information about physical—chemical condi-
tions of origin of feldspars. Elements were mainly selected, which can
replace isomorphously K, Na, Ca cations, the contents of which were known
from partial chemical analyses. The following lements were selected: Mn,
Pb, Ga, Fe, Sr, Ba, Tl, Li, Rb, Cs. When also isomorphism of Mn and Fe in
feldspar structure is weak, these elements were included in the group, main-
ly in order to trace their influence on colour.

The content of the mentioned trace elements was determined in 110
samples of potassium feldspars and 17 plagioclase samples. The feldspars
were separated from various pegmatite zones and from the contact of peg-
matites with surrounding rocks where potassium feldspars formed porphyrob-
lasts in granitoid or metamorphosed rocks of the Tatride zone of the West
Carpathians. On the basis of preceding works (S. Ddvidova4, 1978a) 3 ty-
pes of pegmatites were distinguished in the area under study. From the
view-point of the mode of occurrence of mineral complexes pegmatites be-
long to common, partly garnet and rarely muscovite pegmatites according
to A. E. Fersman (1940). According to the content of feldspar minerals
they belong to simple microcline — plagioclase pegmatites. According to
classification of K. A. Vlasov (1952, 1961), to the I. paragenetic — graphic
type. Their differentiation is weak.

We range potassium feldspars of composition within the range Org;AbzAn;
to OrsgAbsgAng with prevalence of Org, to Ory, forming one of the principal
minerals of the first two pegmatite types of the Tatrides, on the basis of
optical and X—ray observations by 5. Ddvidova (1978b), to 3 structure
types, which are connected:with gradual transitions. The overwhelming ma-
jority of potassium feldspars is maximum microcline with A, 1,00 to 0,80,
the less part belongs to intermediary potassium feldspars with A, 0,80 to
0,20 and only an insignificant amount was determined as orthoclase with A,
0,20 to 1,10. According to chemical compositon, the degree of unmixing
and optical properties there are perthites, prevailingly macroperthites, less
microperthites, which belong to the series of low albite — maximum micro-
cline, a less amount to the the series low albite — orthoclase perthite. On
the basis of optical data and partial chemical analyses the plagioclase were
determined prevailingly as low albite — oligoclase with 3 to 21 % An com-
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Fig. 1. Distribution diagram of trace element contents in K—feldspars of Tatride

pegmatites.
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ponents, only two samples from the Mald Fatra Mts. have 41—43 % An
components. More detailed information about the location, character of felds-
pars, their ranging into pegmatite zones as well also the description of
surrounding rocks is in the work by §. Davidova (1976, 1978 a).

Methods

The contents of trace elements were determined spectrochemically at the Geolo-
gical Institute of Natural Science Faculty of the Comenius University in Bratislava
under leading of Prof. Ing. E. P13 ko Dr.Sc. and at the Dionyz Stur Institute of Geo-
logy in Bratislava. The contents of Mn, Pb, Ga, Fe, Ba, Sr, Tl on spectrograph ISP
— 51. The samples were buffered with addition of KCl. As comparative elements
served: Zn for light-volatile and Eu for medium-volatile elements. Blackening of
spectral lines measured on quick-photometer was converted to the values of intensi-
ties, using calibration curves of emulsion. Li, Rb and Cc were determined at the
Dionyz Stdr Institute of Geology in Bratislava according to the method worked out
by RNDr. Kupéo, CSc. The samples were buffered with NaCl and determination
was taking place in infrared region. The exactness of the determination is 5—10 %
except Cs, The lower detection limit of Mn — 10, Pb — 10, Ga — 3, Fe — 100, Ba
— 30, Sr—10, T1 — 10, Li — 1, Rb — 10, Cs — 10 g.t— 1L
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Mutual guantitative relation between the above mentioned trace elements
in potassium feldspars was examined by statistical analysis. The statistical
parameters were obtained for the whole group of samples or for sub-groups,
which have been selected according the following criterii: a) geographical
situation of the locality, thus mountain ranges; b) colour of potassium felds-
par, c] zones of pegmatites, from which K—feldspars were obtained. For sta-
tistical evaluation 84 samples were taken, in which the content of orthoclase
component did not sink under 60 %. From the statistical evaluation the
elements Cs and Tl were excluded because they were determined in a small
amount of samples only. In order not to have loss of information about the
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investigated group and subgroups, grouping of values of trace elements into
intervals was avoided. The fundamental group and sub-groups were treated
by methods used for a small number of samples. When also the process
was more painstaking, the results are more precise and more trustworthy.
The method of calculations was chosen according the works by I. S. Kom a-
rov (1972), V. Sattran — B. Soukup (19773) and K. Uberla (1974).

Before the calculation of statistical quantities was approached, the cha-
racter of distribution of trace elements was determined partly informatively
from the course of distribution histograms (Fig. la—h) and on the other
hand was tested graphically by probability paper. It was established that the
trace elements in K—{feldspars are of lognormal distribution. Therefore, be-
sides statistical parameters calculated from the values of the element con-
tents, parameters of their decadic logarithms were calculated. This way
normal division of the group was achieved and tests could be applied, which
require normal division. From the content of the elements for the whole
group and sub--groups were calculated fundamental statistical parameters,
which are mentioned in Tabs. 1 to 4.
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Fig. 4. Regression lines of elements to Fig. 5. Regression lines of elements to
Ba in K—feldspars ol Tatride pegmatites. Sr in K—feldspars of Tatride pegmatites.

The values of selectional coefficient of correlation were calculated from
the logarithms of values. The coefficient of correlation serves as measure
of linear dependence, on the contrary to Spearman’s coefficient of correla-
tion, currently used in geology, which is the measure of monotonous de-
pendence. In Tab. 3 the values of selectional correlation coefficients r,, are
mentioned above the diagonal correlation matrix. The values below the dia-
gonal are the upper and lower estimation of the correlation coefficient of
the general group (g,,). The correlation is statistically important at 95 %
level, when between upper and lower estimation the number 0 does not lie.
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Statistically important regressions are demonstrated graphically in Figs.
2 to 9. The parameters of regressive stiraight lines were calculated from the
logarithms of values. In the graphs is illustrated the relation of one selected
element to the other examined trace elements, as well as also the geometric
mean(yr). As measure of suitability of two elements x, v was chosen the
1‘2“r value, which in form of % at individual regressive straight lines shows
the measure of explanation of linear regression. The limits of reliability of
regression parameters were determined also by the method, which is men-

tioned by I. S. Komarov (1972 on p. 171).

Table 4. Variation coefficient

n Mn Pb Ga Fe Sr Ba Li Rb

MK 15 | 78,8 | 51,7 | 21,5 |115,7 | 128,9 | 133,0 | 65,9 | 39,3
NT 22 | 64,2 | 49,8 | 33,6 |177,4 | 103,5 | 104,2 | 61,0 | 57,3
ZT 11 | 705 | 41,6 | 23,3 | 53,2|129,5|191,0| 353 | 31,8
VF 7 | 70,0 | 437 | 1958 | 37,7 |126,2 | 1466 | 41,4 | 26,0
MM 11 | 76,0 | 296 | 38,9 | 50,4 | 999 752 256 | 57,5
MF 10 |110,8 | 19,3 | 21,3 | 80,1 | 459 | 50,7 | 657 | 342
B+C 4 |111,7 | 200 | 21,3 | 1000| 524 | 683 | 278 | 557
Z 4 | 600 | 417 | 273 | 500| 846 | 867 | 87,9 (33,0

Sum 84 809 | 36,3 | 33,1 | 140,4 | 120,2 | 112,7 | 61,1 | 47,6

Distinguishing of sub-groups only on the basis of average values of ele-
ment in both sub-groups is not sufficient, because selection of samples is
a casual action and in treatment of the results the statistical regularities
must be taken into consideration. For comparison of sub-groups therefore
the F-test was applied, which requires normal distribution. So the whole
test was carried out with decadic logarithm wvalues. When it is valid that
E> F, we have at least 95 9 probability that the given subgroups are diffe-
rent from each other in the content of trace elements in case of sufficient
number of samples. When the test was counted at 99 % level, the elements
in Tabs. 5 and 6 are underlined.

The mentioned statistical quantities were also calculated for plagioclases
as one fundamental group. For the small number of samples the division
into sub-groups was not carried out.

Discussion

Lithium in K-feldspars of Tatride pegmatites belongs to little dispersed
elements similarly as Ga and Pb (Tabs. 2, 4). The Li content varies from the
low detection limit 1 to 8 g.t''(NT—97) with average 2,4 g.t"'. In plagioclases
the Li content varies from 3 to 7 g.t! with higher average value 4, 7 g.t'L
The low content of Li in potassium feldspars is connected with crystallo-
structural properties of K—feldspars. The absence of position with hexagonal
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coordination and little ion radius of Li limit its entering the structure of
K—feldspar. From it results that pure Li—feldspar is unstable (K. Rank a-
ma — T. G. Sahama, 1950). In spite of it also Li contents in K—feldspars
were found out by many authors (T. F. Borovik Romanova — E. D.
Kalita, 1958, K. I. Litovéenko 1963, V. V. Gordienko — I. E. K a-
mencev, 1967, D. 0. Ontoev — A. I. Batova 1969, V. Arnaudov
— B. KaradZova, 1970). According to K. S. Heier (1960) Li probably
replaces Na. The literature data about Li content are different. The highest
Li contents 140 to 390 g.t! were established by T. F. Borovnik Rom a-

Table 5. F-test results for distinguishing of element contents in individual moun-
tain ranges

NT ZT VF MM MF B + CH Z
MK Ca Na Ba Mn
K Rb K K K K K
Ca Ca Ga Ca Na Ca
Li Rb Ca Rb
NT Ca Sr Ca Na Mn
K Ga Ga Rb Sr K
Na Li Ca Ca
ZT Sr Fe Rb Ba Ba Mn
Ca Ca Ca Na Pb
Ga Li Ca Ca
VF K Sr Ba Sr Ba Fe Ca
Li Ca Na
MM Li Ca K
MF Na Ph
Ca Sr Ba
K
B + CH Sr
nova — E. D. Kalita (1958) in microcline perthite from pegmatites of

Kola. On the contrary, S. R. Taylor — K. S. Heier (1958a) and K. S.
Heier — 8. R. Taylor (1959a, b) affirm that Li content in K—feldspars
cannot exceed 1 gt.’. A relatively high medium value 197,3 g.t! for K—felds-
pars of pergmatites is mentioned by V. V. Ljachovi& (1972).

Unbonding of Li in the structure of investigated feldspars is pointed out
by statistically unimaportant correlations of Li to other selected trace and
major elements (Tab. 3). A very low degree of positive correlation (r=0,2)
between Li and Ca con be called forth with higher content of plagioclase
K—feldspar phase, to which Li is probably bound. Only one important Ca
regression to Li (Fig. 2) was statistically established, dependence of which
we can express % Ca = 0,12 Li%'7
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With the study in sub-groups on the basis of F-test at 95 U level statisti-
cally important differences in Li content in K—feldspars were established
according to the mountain ranges [Tab. 5) and zones (Tab. 6). With a hig-
her Li content K—feldspars from the areas of the Malé Karpaty, Low Tatras,
West Tatras, Velka Fatra, Mald Fatra are different from the K—feldspars
of the M. Magura, what can be, except the Malé Karpaty, explained by predo-
minance of the 2nd and 3rd type of pegmatites in the areas under study.

Table 6. F-test results for distinguishing of element contents in pegmatite zones
and acconding to potassium-feldspar colour

Feldspar-quartz Graphic
micaceous zone zone Block zone
Blasts Ca
Ba Li Ga
Feldspar-quartz mica- Sr Ca
ceous zone Ba
Graphic zone Ca
Grey Pink
White Fe
: Li
Grey Fe

Statistically the difference between Li content in plagioclases and potas-
sium feldspars was demonstrated, with the content of Li in. plagioclases
greater, what can be explained by probable isomorphism of Li after Na.
Differences were not testified at 99 % level.

Rubidiym. The amount of Rb in K—feldspars varies from 70 to 500 g.t!
(in 3 samples) with a small coefficient of variation (Tab. 4) and little dis-
persion (Tab. 2). The most frequent interval of content is 150 to 200 g.t?
(Fig. 1b). When we compare the average content 217 g.t'! with the mean
content 5485 g.t!, which V. V. Ljachovi¢ (1972) mentions for potassium
feldspars, it is very low. It is lower than the value 270 g.t’!, which V. I. K o-
gan et al. [1971) established as the lowest for Rb content in potassium
feldspars of micaceous pegmatites. On the whole, it has been established
that the Rb content in K—feldspars of other pegmatite localities is much
higher than in the Tatride belt. For example: W. Kowalewski — Z. Wa-
lenczak (1957) mention 3100 to 6000, N. A. Solodov (1959) 1600 to
28000, N. A. Solodov (1962) 1530 to 5500, R. S. Heier (1962) 200 to
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1600, B. M. Smakin (1979) 220 to 5540 g.t!. The maximum content of
Rb 4 weight % is mentioned by J. V. Smith (1974). The Rb content rises
in the process of crystallization of pegmatites and as it does not form own
minerals, it accumulates in rock—Iforming minerals of highly differentiated
pegmatites. Extreme values of Rb are in later magmatic to hydrothermal
stages of mineral origin (V. I. Pavli§in — P. K. Vovk, 1971). In plagio-
clases of Tatride pegmatites the Rb content varies from 3 to 500 g.t!, with
the average content value 20,5 g.t! by 1 order lower than for K—feldspars
only.

A moderate degree of negative correlation between Rb and Fe, Rb and
Mn, Rb and Sr (Tab. 3) has been established. Analogously, also statistically
important regressions of Fe, Mn and Sr to Rb have been established (Fig. 3),
the following relations were derived: Fe = 7936.Rb%%; Mn =138 ,Rb0%;
Sr = 7814 . Rb%%’ No correlation between Rb and K has been found, alt-
hough it is supposed, that Rb replaces isomorphous K. Replacement of K
with Rb, however, occurs under conditions, which make extension of K—
—feldspar structure possible. When also dispersion of Rb in K—feldspars
of Tatride pegmatites is small, some mountain ranges differ in Rb content
(Tab. 5). These differences are, however, determined at 95 0 level only.

Cesium. From 110 samples of potassium feldspars Cs was established only
in 12 samples with the content from 2 to 10 g.t'!. Entering of Cs into the
K—feldspar structure is more difficult than of Li. An obstacle is 18 % diffe-
rence in ion radii of Cs and K and low ionization potential. In spite of that
are known high contents of Cs in K—feldspars of pegmatites from various
localities. N. A. Solodov (1959b, 1962) found 50 to 2580, M. M. Manuj-
lova et al. [1966) 2 to 36, V. V. Gordienko — I. E. Kamentsev
(1967) 4000, B. M. Smakin (1979) 4 to 748 g.t'!, V. V. Ljachovi& (1972)
established the mean content of Cs in K—feldspars of pegmatites 4315 g.t-L
In plagioclases of pegmatites of the Tatrides Cs has been found in 3 samples
only,

Thallium, In K—feldspars of Tatride pegmatites Tl was established in 39
samples. The majority of samples had Tl content lesser than the Ilower
detection limit, i.e. 10 g.-t!, Maximum measured value is 19 g.-t’. Tl has
a similar way of entering the structure of late crystallizing K—felrspars as
Cs, because it has a tendency to form covalent bonds with oxygen. For K—
feldspars of other localities of pegmatites are mentioned the following
values: 3 — 140 K. S. Heier — S. R. Taylor (1959a, b), 9 — 99 S. R.
Taylor et al. (1960), 12 — 61 T. F. Borovik — Romanova — A. F.
Sosedko (1960), 4 — 17 1. G. Ganejev — N. P. Lechina (1962), 6 —
50 g.t' N. G. Sretenskaja (1963, 1964).

The Tl content in plagioclases of Tatride pegmatites is in the interval
from the lower detection limit to 51 g.t'!. The average value 16,1 g.t! is
lower than for plagioclases of granites and much higher than for pegmatites.
An essentially higher Tl content was established in most basic plagioclases
(andesines).

Barium. Ba contente in investigated K—feldspars considerably varies from
the lower detection limit 100 g.t”!, which already is not reached at 14 samples,
to the upper detection limit 3 000 g.t!, exceeding at 12 samples. Most nu-
merous are values in 0 to 500 g.t! interval (Fig. 1 c). Its dispersion is great
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(Tab. 2, 4). The average content 1382 g.t! is essentially higher than 4 10
git'! (Tab. 1), which V. V. Ljachovi& (1972) mentions for K—feldspars
of pegmatites. A great variation of values of Ba content, which is closely
connected with genetic conditions of feldspar origin, is also found in lite-
rature. I. Oftedal (1959, 1961 a, b) mentions 500 to 5000, W. Kowalski
(19701, 220, B. M. Sm akin (1979) 20 to 8800 g.tl. In the magmatic pro-
cess Ba concentrates in minerals earlier than the remnant of differentiation
originates. A mineral concentrator is K—feldspar. The Ba content in plagio-
clases is from traces to 560 g.t! with an average 196 g.t!, which is only
a somewhat lower value than the average content (215 g.t!), established
by V. V. Ljachovié& (1972) for plagioclases of granites. No regularities
between Ba content in K—feldspars in dependence on pegmatites zones have
been found.

A high degree of direct correlation between Ba and Sr (Tab. 3) points out
simultaneous isomorphous entering of Ba and Sr into the structure of K—
feldspar, where they replace potassium, isomorphism between Ba for K is
more distinct and shown in the moderate degree of indirect correlation as
between Sr and K, which is manifested with low degree of indirect correla-
tion. A moderate degree of correlation is between Ba and Fe, Ba and K, Ba
and Na and low between Ba and Pb. Statistically important are positive
regressions of Pb, Tl, Sr to Ba and negative of K, Na to Ba, which we can
express as follows:

Pb = 19,82 . Ba®!!; Fe = 58,55 . Ba®; Sr = 3,26 . Ba’®; 0p K = 14,68 .
Ba?®%: 05 Na = 2,73 . Ba?0.0s,

They are graphically illustrated in Fig. 4. With equal measure in dependence
on Ba, Fe and Pb enter K—feldspar. The regression staight lines of Na and
K to Ba are almost parallel, what is modified with the moderate degree of
indirect correlation between Ba — Na and Ba — K. As the results of F —
test show, are in sub-groups differences at 99 % reliability level [Tabs 5,
6). Statistically plagioclases differ from K—feldspars in lower Ba content.

Strontium. The amount of Sr varies in a relatively wide extent from 123
(sample VF = 75p) to 1000 g.t'!, 10 samples have a content over the upper
detection limit. The average value is 3957 and most frequent class from
0 to 100 and from 200 to 300 g.t! (Fig. 1d). When also the extreme magmatic
differentiation leads to low content of Sr, in the literature we find different
data about the Sr content in K—feldspars of pegmatites. B. M. Smakin —
E. S. Kostjukova [1969) establihed 7 — 710, V. V. Ljachovi¢ (1972)
80 to 190, B. B. Smakin (1979) 16 to 620 g.t''. The Sr content in plagio-
clases of Tatride pegmatites varies in a wide interval from 42 to above the
upper detection limit (1000 g.t!). The average content 406 g.t! is only insig-
nificantly higher than at potassium feldspars of Tatride pegmatites, but more
than twice as great as the average value for plagioclases of pegmatites,
which V. V. Ljachovi¢ [1972) mentions. High contents of Sr more than
1000 g.t! were found at two samples from the Little Fatra (MF—7, MF—8),
which correspond to andesine.

Sr dispersion in K—feldspars of Tatride pegmatites is great (Tabs. 2, 4].
A high degree of direct correlation (Tab. 3) between Sr and Ba points to
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correlation of these two elements similarly as found by J. M. Rhodes
(1969) for feldspars in granitoid rocks. Interesting is a moderate degree of
direct correlation between Sr and Fe and indirect between Sr and Na, Sr
‘and Rb. The correlation relation between Sr and Na points to Sr being bound
to the plagioclase phase, which forms perthite intergrowths in K—feldspar.
From regressive relations are statistically important 3 positive regressions
Ba, Fe, Pb to Sr and 2 negative Na and Rb to Sr [Fig. 5). We can express
this as follows : Ba = 3,55 . Sr"%; Fe = 64,00 . Sr%%; Pb = 2260 . Sr®!1;
% Na = 2,93 . Sr0%; Rb = 444,5 , Sr0.14,

No relations were established between Sr and Ca. Sr after Ba appears as
one of the most important trace elements for distinguishing in sub-groups
(Tabs. 5, 6) and in many cases forms with Ba a distinguishing couple.

Lead. The Pb content in potassium feldspars of pegmatites varies from 10
to 110 g.t! (MK — 10/5) with average content 44 g.t!, what represents a re-
latively low value in comparison with data in literature. K. H. Wedepohl
(1956) — 100; K. S. Heier — S. R. Taylor (1959a) — 11 to 290; B. R.
Doe et. al. (1965) — 80 to 500; I. Oftedal (1967) — 10 to 500; ]. V.
Smith (1974) — 2 to 600 g.t'l. The distribution of lead has almost a nor-
mal course with the most abundant class in the interval 40 to 50 g.t"! [Fig.
1 e). In plagioclases was found the content of lead in the interval from < 10
to 55 g.t! with average 17 g.t'!, what is a lower content than the mean con-
tent 26,2 g.t'! and 40,5 g.t"!, which is mentioned for plagioclases of pegmati-
tes of pegmatites and granites by V. V. Ljachovié& (1972). Lead in K—
feldspars of Tatride pegmatites is a weakly dispersed element (Tab. 2] with
low variation coefficient (Tab. 4). The correlation relations (Tab. 3) bet-
ween Pb and other studied elements are very weak. A moderate degree of
indirect correlation for Pb and Ca and Pb and Na has been established, what
can point out Pb entering the plagioclase phase, which is represented by
perthite intergrowths in K—feldpars. Isomorphous replacement of Pb with
K and Pb with Ca is equal according to the majority of mentioned authors,
when also a higher isomorphism between Pb and K is generally supposed
because of a lower ratio of ion radii. The low degree of direct correlation
was established between Pb and Ba, Pb and Sr. 2 positive and 2 negative
regressions were established by statistic calculations, expressed as follows:
Sr = 39,01 . Pb%*3; 0 Ca = 3,47 . Pb0%2; Ba = 4716 . Ph"67; 0 Na = 2,98 .
Pb %! Their course is illustrated in Fig. 6.

By F-test it has been established that Pb is not a suitable element for
distinguishing in selected sub-groups. With a higher Pb content the plagio-
clases are different from K-—feldspars of the Tatride pegmatites.

Manganese, Is a little frequent trace element in K—feldspars for weak
isomorphous substantiation. Its content varies from the lower detection li-
mit, within the range < 10 to 71 g.t'! with an average value 17 g.t"! (Tab. 1).
The diagram (Fig. 1f) of distribution points to asymmetric distribution of
Mn content with highly exceeding class 10 to 20 g.t'!', to which also the
average value (16,0 g.t!) falls. The mentioned values are lower than in
K—feldspars of pegmatites established by R. A. Higazy (1953) and S.
R. Taylor et al. (1960), but they agree well with the data of I. Oftedal
(1969), who mentioned 15 to 60 g.t! for microclines of southern Norway.
In the observed plagioclases Mn content varies from 11 to 72 gt! with an



50 DAVIDOVA — DAVID

average of 29 g.t''. Up to lately it was supposed that Mn in plagioclases is
bound to heterogeneous admixtures only. The study of luminiscence has
found that a part of Mn is bound isomorphously.

The Mn content was correlated with colour. No important differences were
found statistically, also when the average content of Mn for white K—feld-
spars is 18.g.t"!, for grey 17 g.t! and pink 15 g.t'!. The high variation coeffi-
cient [Tab. 4) and high value of standard deviation (Tah. 2) for the areas
of the Branisko, Cierna Hora and Mald Fatra Mts. could indicate contami-
nation. Mn does not show any more distinct correlations to other studied
elements. A moderate degree of positive correlation was found between Mn
and Ga, Mn and Fe, and a negative between Mn and Rb, Mn and Ca. The
latter corerlation advises substitution relations between Mn and Ca, shown
also in the higher Mn content in plagioclases of Tatride pegmatites than in
K—feldspars. A positive correlation of Mn and Fe can point to the presence
of impurities of dark minerals in form of inclusions. Four statistically im-
portant regressions are illustrated in Fig. 7 and their relations can be ex-
pressed; Ga = 5,88 . Mn%3!'; Fe = 90,91 . Mn®; Rb = 44035 . Mn"?; 05 Ca
= 0,68 . Mn%3!, Mn appears not as an important trace element for distinguis-
hing in sub-groups, only potassium feldspars of pegmatites from the Ziar
Mts. display a statistically important higher Mn content in contrast to some
core mountains. In the lower Mn content K—feldspars differ from plagio-
clases of Tatride pegmatites.

Iron, The Fe content in feldspars is largerly discussed in literature and
there is no uniform view of its entering into structure. Fe belongs among
highly scattered trace elements in K—feldspars of Tatride pegmatites. The
interval of content is from < 100 to > 3000 g.t!. In the distribution diagram
(Fig. 1 g) most frequent is the class 150 to 300 g.t!, to which the arithmetic
mean does not fall (Tab. 1). In plagioclases of Tatride pegmatites Fe varies
in a wide interval from <100 to 1740 g.t'! (sample B—4) with average value
559 g.t'. Relatively high Fe—contents (500 — 2000 g.t!) have been found by
I. Oftedal (1969) with very thoroughful separation in K-—feldspars of
pegmatites, although he mentions 20 — 400 g.t! for feldspars from pegma-
tites, considers only 20 — 30 g.t'! Fe of it as isomorphous, the remaining as
part of unmixed solid solutions. The Fe content in the observed feldspars
is high when compared with the data of P. H. Ribbe — ]J. V. Smith
(1966) and S. R. Taylor et al. (1960).

A moderate degree of positive correlation has been found between Ba, Sr,
and Mn, negative with Rb and a low degree of negative correlation with Na
(Tab. 3). Statistically important are positive regressions of Mn to Fe, Sr to
Fe and Ba to Fe and negative of Rb to Fe, Na to Fe (Fig. 8), expressed as
follows: Mn = 1,84 . Fe%%; Sr = 358 . Fe’”!; Ba = 250 . Fe%"; Rb =
1541,0 . Fe'"3; 0p Na = 3,13 . Fe", According to F test results Fe is suitab-
le for distinguishing in sub-groups by colour only (Tab. 6). Pink feldspars,
which contain more Fe than grey and white ones, probably contain Fe in
form of unmixings.

Gallium. As trivalent element in the structure of feldspars it may replace
Al. Synthetic NaGa Si;04 feldspar is stable and occurs in ordered state [H.
Pentinghaus, H U Bambauer — 1971). In K—feldspars of Tatride
pegmatites Ga content varies within the limits 4,2 to 28,8 g.t! with an ave-
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rage value 13,4 g.t'. In plagioclases from 7,4 to 28,8 with a higher average
values 16,21 g.t! than in K—feldspars. According to Ga content the investi-
gated potassium feldspars are closer to K—feldspars from granites, for which
P. Kolbe, S. R. Taylor (1966) established Ga content 6 — to 30 g.th.
The weak Ga dispersion in K—feldspars of Tatride pegmatites [Tabs. 2, 4)
appears in the regular distribution histogram ([Fig. lh). Most frequent is the
class 12 to 15 g.t!, which includes also the average value. Preferring of pla-
gioclase phase to the phase of potassium feldspar is indicated by the signi-
ficant degree of positive correlation between Ga and Ca (Tab. 3). The absence
of correlation between Ga and Na can point to the presence of Na in solid
solution of K—feldspars. Interesting is the moderate degree of positive corre-
lation between Ga and Mn and Pb and Ga. From these relations also sta-
tistically important regressions result (Fig. 9), which we can express as
follows: Mn = 1,88 . Ga’™; 0p Ca = 0,004 . Gal*3; Pb = 105,6 . Ga*. The
almost parallel linear course of straight lines of Ca to Ga and Mn to Ga is
modified by the moderate degree of correlation between Ga and Mn and
Ga and Ca. Statistically a higher Ga content in K—feldspars from pegmatites
of the Malé Karpaty, Low Tatra and Western Tatra than in K—feldspars of
the Mald Magura and in feldspars of the block zone than in blasts has
been found (Tabs. 5, 6).

Conclusions

The subject of the paper is the content, distribution and tracing of mutual
relations between Li, Rb, Cs, Tl, Ba, Sr, Pb, Mn, Fe and Ga in 137 feldspars
of Tatride pegmatites. The contents of the mentioned tirace elements are
compared with data from literature. With the method of statistical analysis
parameters for the whole group of K—feldspars and plagioclases or for
sub-groups of K—feldspars were obtained. The criterii for assignment into
sub-groups were selected according to topographical — genetic aspects. Whole
groups and sub-groups were treated by the methods applied for a small num-
ber of samples. Distinguishing of subgroups only on the basis of average
values of the content of element is not sufficient and therefore F-test was
applied.

Trace elements on the basis of the content, distribution, variation and
mutual correlations we may range into two association according to their
relation to phases of potassium feldspars:

a) It has been found that to the plagioclase phase, represented by perthite
intergrowths in K-—feldspars, Ga, Mn, Sr and Li are bound. This binding
is also shown statistically in the proved higher Li, Ga, ‘Mn contents in pla-
gioclases of Tatride pegmatites.

b) To the potassium phase of K—feldspars are bound Ba, Sr, Fe and pro-
bably Rb, Cs and TI. The relations are also supported by the fact that K—
feldspars of Tatride pegmatites contain more Ba, Rb and Pb than plagio-
clases.

On the one hand simultaneous entering and high Ba, Sr and Fe contents
and low contents of Cs, Tl, Rb, Li on the other hand in comparison with
contents of K—feldspars at other pegmatite localities, indicate conditions.
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which partly do not fit in the idea of pegmatite crystallization from diffe-
rentiated, fluid — enriched residual melt. We conclude from the given facts
that pT conditions, under which crystallization of pegmatites occurred, were
determined by higher pressures, which correspond to depth of 5 — 8 km
and a higher temperature, mainly at the second type of pegmatites, con-
taining more Fe. Such an environment was probably accompanied by lac-
king fluid components.

Although we suppose that part of Rb could have been intercepted in biotite
of granitoid rocks in earlier phases of crystallization, to which pegmatites
are genetically bound, the contents of Rb, Cs, Tl and Li are low, what may
indicate the origin of pegmatites bound to anatectic melt.

As elements most suitable for distinguishing of K—feldspars from Tatride
pegmatites in sub-groups Ba, Sr, Rb and Li have been found although the
latest two have little dispersion. The greatest differences were recorded
between the individual mountain ranges. The highest Ba, sometimes Sr con-
tents have been established in K—feldspars of pegmatites from the Malad
Fatra, Branisko and Cierna Hora Mts.,, which belong to weakest differen-
tiated pegmatites. Relatively higher Rb and Li contents are in more differen-
tiated pegmatites of the Malé Karpaty Mts. The contents of Ba, Sr, Rb and Li
are a criterion suitable for distinguishing of pegmatite differentiation.

Translated by J. Pevny
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