actia
geologlca
polonica

Vol. 34, No. 1-2 Warszawa 1984

ANDRZEJ ROZEOWSKI

Calcium-rich inclusion solutions in_ fluorite from the
Strzegom pegmatites, Lower Silesia

ABSTRACT: Inclusions in fluorites from pegmatitic druses in the Strzegom

massif bear aqueous solutions with calcium chioride as the main solute

nent. Homogenization temperatures wene measured (165 to 180°C) and the physico-

-chemical analysis of inclusion fluid behavior during freezing down to —130°C was

performed. This yields the following fluid composition: HsO — 76 wt. %%, CaCl,

— 18 wt.%, NaCl — 6 wt.%. The discussion of possible presence of other salts is
presented.

INTRODUCTION

The granitoid massif Strzegom-Sobétka of Variscan age in Lower
Silesia bears numerous vein and world-famous drusy pegmatites with
the extensive mineral association. The earliest observations on mineral
assemblages of this massif were summarized by Traube (1888) and mext
by Michell (1941), Fersman (1960, pp. 135—137) and Kowalski (1967).
The controversial problem of begmatite genesis which has widely been
discussed _from wvarious viewpoints in many countries (e. 9. Andersen
1931; Hess 1933; Bjerlykke 1934; Fersman 1952, 1960; Jahns 1953; Ru-
denko 1972; Némec 1976; Kozlowski 1978) does not yield a definite
bearing upon the role of hydrothermal solutions in formation of the
medium- and late-stage mineral parageneses in pegmatites. The studies
by means of the inclusion methods of hydrothermal fluids that formed
minerals in the Strzegom Pegmatites are still scarce and incomplete
(Kozlowski 1973, 1981; Kozlowski & Karwowski 1973, 1974, 1976). This
paper is a contribution to the knowledge of parent fluids of the late-
-stage fluorite-bearing parageneses in the pegmatite druses. '
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METHODS

The routine methods of the non-destructive inclusion studies were used. The
homogenization temperatures (Th) of fluid inclusions were performed on the
Author’s construction microscope heating stage with the precision F2°C. The
freezing runs were made by the Author in the E. Roedder’s laboratories, U.S. Geo-
logical Survey, National Center at Reston, Virginia. The used freezing/heating
microscope gas-flow stage (Weérre & al. 1979) yielded resulis with precision
0.1°C in temperature range from 0 o —10°C amd ~ 1°C at —70 to —100°C. The
preparations were made by double-side polishing of cleavage chips of fluorite
crystals, Refractive indices of laboratory-prepared salt solutions were measured
at temperature 20° % 0.1°C by refractometric method, .

THE INVESTIGATED SPECIMENS

The fluorite specimens for inclusion studies were taken from typical
pegmatite druses in the quarry No. 18 at Strzegom-Grabina. Fluorite-
-bearing paragenesis crystallized in the pegmatite zone consisting of
gray and smoky quartz, albife, microcline, and biotite partly or com-
pletely altered in chlorite. Usually epidote, later than the previous
minerals precedes .here fluorite; it was however, also partly coeval with
fluorite and partly younger. Other minerals paragenetic with fluorite
are represented by rock crystal, chlorite (strzegomite = striegovite),
tourmaline, and locally calcite. Strzegomite frequently forms zones of
inclusions of 0.n mm size in fluorite crystals. Brownish-gray, blue-gray
or pale blue, almost colorless tourmaline needles up to 1 cm long and
0.1 to 0.5 mm thick, either pierce fluorite crystals or occur as solid
inclusions in the latter. Calcite and the zeolites are later than fluorite
in all the studied druses. .

Fluorite crystals are octahedral, more or less deformed, of light to
very pale violet color with a greenish-blue tint, and with intensive
violet zones outlining the octahedral habit. The deep violet zones are
0.1—0.5 mm thick and frequently are associated with primary in-
clusions of fluid or fluid plus trapped minerals.

FLUID INCLUSIONS

Fluid inclusions in the Strzegom fluorites have first been described
over a century ago (von Lassaulx 1877), but tentative determination of
the Th range (160—205°C) was performed about ten years ago (Kozlow-
ski & Karwowski 1973). More detailed data on Th of fluid inclusions in
the Strzegom fluorite are given by Lenkowski (1983), who extended the
Th wvalues range to 130—255°C for pegmatitic druse fluorites and
120—390°C for vein fluorites. Some Th values (130—185°C) are also
submitted by Janeczek (1983), and they do not fall out the above limits.
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Fluid inclusion (0.38 mm long) in fluorite from the Strzegecm pegmatite

1 — Rocom temperature
2 — frozen to —60°
3 — at —32°C, ice crystals only

4 — at —39.2°C, {filling recrystallized to large crystals, ”?” — marks doubtful
liquid+gas CO,

5 — at —72°C, boundary between host fluorite and liquid phase is invisible
6 — at —40°C, separation of ice (i) and hydrohalite (h) crystals
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The studied fluorite crystals yielded Th from 165 to 180°C and the
inclusions used for freezing runs had even a more narrow Th range,
from 172 to 180°C. Hence, these Th values Place the crystals under
study in the middle- of Th range hitherto known for; the Strzegom
pegmatite fluorites.

Freezing studies were performed on several large (0.1—0.4 mm) two-phase
inclusions containing typical filling, i.e. e < liquid (PL 1, Fig 1). The in-
clusions were undoubtedly. primary and under the microscope they did not show vi-
sible traces of any kind of leakage or epigemetic alterations changing phase ra-
tios. Unlike this description, most inclusions were first submitted to the freezing

No substantial differences were founid. '

During single rapid freezing down to —130°C the inclusion filling did not
crystallize as it usually occurs in so large inclusions. Only a series of freezing-
-heating shocks caused break of metastable supercooling hmd crystailization at
—80 to —629C, rarely to —70°C (PL 1, Fig. 2). The crystallization firont moved from
one of the inclusion corners, usually with sharp edge or point, evidently stimula-
ting crystallization,

" The frozen inclusioms started .the eutectic melting at Te from —b54 to —b58°C,
approximately. The low precision of Te determination was caused by difficult
observation of first portion of liquid in opaque inclusions filled by aggregate of
fine crystals. However, the Te value indicates that the inclusion filling is essen-
tially CaCly—NaCl—H,0 solution, because Te in this system equals —52°C (Yanateva
1946; some sources give the value —55°C, e.g. Borisenko 1975). Thus, the inclu-
sion was in the point E on the CaCly—NaCl—H,0 plot (Text-tig. 1), with theore-
.. tical eutectics in inclusion filling, comsisting of 1.8 wt, 9/, NacCl, 294 wt.% CacCl,
688 wi.% H,O (Crawford 1981), plus excess NaCl as NaCl.« 2H,;0 (hydrohalite)
and F;O ice, If NaCl is more abundant in the solution, CaCl, « 6H,0 (antarcticite)
melts first and during the T increase the system starts to follow the cotectic
curve sepurating the hydrohalite+solution and ice-tsolution fields, Imclusion
filling is now the mixture of ice and hydrohalite crystals floating in NaCi+
“+CaCl; solution, with decreasing hydrohalite contemt. In the representative of the
studied inclusions the last hydrohalite crystal melted at —32.3°C and the system
left the cotectic curve in the point B (Text-fig. 1), starting to move across the
field of ice-solution.

' The point B may be used for determination of the CaCl; to NaCl ratio by the
lever method. For the studied inclusions this is 25 wh % CaCly in dry salts.

From this moment, ice is the only crystal phase in inclusion (PL 1, Fig. 3).
However, the determination of the last melting hydrohalite erystal is not a trivial
operation. In mixture of mamny crystals it is possible to mdss it and to determine
the point B erroneously. Recrystallization of the inclusion content from few small
crystaliization nuclei may be recommended (PL. 1, Fig. 4), as well as a use .of -op-
tical features: ice has low refractive indices @, 1.3091, 1, 1.3105 at —1°C) and
parallel light extinction due bexagonal structure, but monoclinic hydrohalite has
oblique light extinction. Properly made recrystallization causes quite good se-
peration fo hydrohalite and ice (PL 1, Fig. 6).

Melting of ice crystals ocours somewhere between the point B and the H,0
corner for solutions of various salt concentrations, In the studied material the
last ice crystal melted at Tm 21.1°C (point A in Text-fig. 1), This helps to de-
termine the total salt’ concentration CaCly+NaCl in the golution filling inclision,
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equal here 24 wt.% (point C in Text-fig. 1). Thus, combining data from points
D and C, the main components of inclusion filling are: ;0 — 76 wt.’/o CaCly —
18 wt. %, and NaCl — 6 wt.%o.

Some . additional observations were made during freezing rums, During
attempts of crystallization of the whole inclusion filling from few ice orfand hy-
drohalite crystals @.e. on the path from 4 fo E ‘excluding start and final points)
a part of the filling remained in metastable liquid state (PlL. 1, Fig. 5) even, at
temperature as low as —126°C, 4.e, much below theé eutectic temperature. This
probably should be explained by strong tendency of mamy caleium salt solutions
to metastability., At temperatures —72 to —126°C in such runs only 40—30 vol %
of imclusion was occupied by solution, containing almost exclusively all CaClp
solute present in the inclusion, i.e. very concentrated.

Concentration of CaCl; in that remmant solution caused the phemomenon of.-
disappearance of the phase boundary between the solution and the erystal — fluorite,
best visible at —T70 to —80°C. This means that the remnant solution reached such
concentration that its refactive index eqguals he refractive index of fluorite
(1434 at 20°C), Measurements of refractive indices of solutions of salts that are
reasongble in hydrothermal solutions (Text-fig. 2) prove that only CaCl; is the

Fig. 1. Part of the plot of the CaCl,—NaCl—H,0 system with the path of evolu-
tion of the studied inclusion fluids (E-B-A); weight percents, data from Yanateva
(1946); see text for other explamations - .
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eppropriate salt: solution of 40 g CaCl, in 100 ml of solution bag also refractive
fdex 1.434 (at 20°C). Temperature variations change the refractive index value
but not so essentially to made this evidence invalid. _ )

During freezing runs the search for liquid CO, in inclusions was made and
Sspecific feature was observed which may be interpreted erromeously as rim of
ligquid CO, around gas bubble in a vacuole embedded in ice+hydrohalite, where
salt solution from other part of inclusion ‘was sucked or injected, forming liquid
layer. However, the small “concentric” bubble in the lefi part of imelusion (P 1,
Pigs 4 and §; marked ”?”) canmot be explained satisfactorily, although it looks
like liquid plus gas CO,.
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FINAL REMARKS

The presence of calcium-rich late-stage solutions in the Strzegom
pegmatites might be also deduced from the abundant occurrence of ot-
her (than fluorite) calcium minerals: epidote, Ca-zeolites, calcite. The
source of calcium may be expected in the extensive process of plagio-
clase (oligoclase) albitization (Kozlowski & Nowakowski 1981, Nowa-
kowski & Kozlowski 1983), which precedes the fluorite formation. The
fluorite crystallization from calcium-rich solution should be limited by
the inflow of fluorine, immediately consumed for CaF,; precipitation.
Those solutions were supposedly low in magnesium, carbonate and sul-
fate ions, because otherwise sellaite MgF; (Schaefer & Striibel 1979),
carbonates or sulfates would occur in inclusions as daughter minerals.
The only cation, the presence of which is possible in limited amount
in the inclusion fluid, is potassium.

Similar calcium-rich fluids are not extraordinary in various endo-
gene geological environments and they have hitherto been recognized
also in the scheelite deposits (Hing 1979), in metamorphic rocks (Craw-
ford & al. 1979), and in present-day rift zones (Hardie 1978).
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A. KOZL.OWSKI

ROZTWORY WAPNIOWE W INKLUZJACH WE FLUORYCIE Z PEGMATYTOW
STRZEGOMIA

(Streszczenie)

Przedmiotem pracy jest ustalemie skladu roztwordw macierzystych fluorytu
z pegmatytéw Strzegomia metoda badanis inkluzji fluidalnych, ktérych tempera-
tury homogenizacii wynosity od 165 do 180°C. Zastosowano zamrazanie mkluzji
do temperatury —130°C (pl. 1), a nastepnie fizykochemiczng amalize przemian
w inkluzjach podczas zmian temperatury (fig. 1) i por6wnanje whasnosei optycz-
nych roztworéw w inkluzjach i roztworéw syntetycznych (fig. 2). Stwierdzono,
e badane fluoryty krystalizowaly z roztworu o skladzie 76% wag. H,0, 18% wag.
CaCl, i 6% wag. NaCl. Skiad ten jest doié rzadki, ale nie wyigtkowy w rozmai-
tych érodowiskach endogenicznych.



	Sfosfor13083013570_0001
	Sfosfor13083013570_0002
	Sfosfor13083013570_0004
	Sfosfor13083013570_0005
	Sfosfor13083013570_0006
	Sfosfor13083013570_0007
	Sfosfor13083013570_0008
	Sfosfor13083013570_0009
	Sfosfor13083013570_0010

