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Calcium-rich incluSion solutions in fluorite from the 
Strzegom pegmatites, Lower Silesia 

ABSTRACT: Inclusians jn flumtites from peg:matitic dr1.llSeS in the Stnegom maBSif bea!r aqlUeoUB solutioos with cakhJm chlOll.'ide as the roam solute com,po­nen:t. HOIl'lOgeJlIitm'bioo temperatures were meas,ured. (165 to 180°C) and the phys.ico. -chemleal analysis of incIlusion fl.u.i.d !behavior durilng treemng doWlll Ito -130°C was performed. ThiS yields the following fluid COIrJI)Osiltdon:: HsO - 76 wit. "" CaCl. - 18 wt. o/&, NaCl - 6 wt. '/0; ThediBcuss.ioo of possible presenoe of oflber saltsl U! . preseuted. 

INTRODUCTION 

The granitoid massif Strzegom-Sob6tka of Variscan age in Lower 
Silesia bears numerous vein and warld-famous drusy pegmatites with 
the extensive mineral association. The earliest observations on mineral 
assemblages of this massif were summarized by Traube (1888) and next 
by Michell (1941). Fersman (1960. pp. 135-137) and Kowalski (1967). 
The controversial problem of pegmatite genesis which has widely been 
discussed __ from variOUB viewpoints in many cOuntries (e. g.. Andersen 
1931; Hess 1933; Bjerlykke 1934; F.ersm.an 1952, 1960; Jahns 1953; Ru­
denko 1972; Nenec 1976; Koz):owski 1978) does not yield a definite 
bearing upon the role of hydrothennal solutions in fonnation of the 
medium-and late-stage minetal parageneses in pegmatites. 'The studies 
by means of the inclusion methods of hydrothermal fluids that formed 
minerals in the Strzegom ~gmatites are still scarce and · incomplete 
(KozIowski 1973. 1981; Kozlowski & Karwowski 1973, 1sr74, 1976). This 
paper is a contrilbution to the knowledge of parent fluids of the late­
-stage fIuorite-bearing parageneses in the pegmatite druses. . 
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METHODS 

The routine mebhQd8 of the notIl-destrulcti.ve itllclusion studies were used. The 
homogenization. temperllJt;ua:els (Th) of fluid i.nclil.llS.ians were performed: 0iIl: the 
Author's construction micros'cope heating stage with the precision i=2°C. The 
ftreezi:ng runs were made by the Author in the E. Roedder's laboratories, U.s. Geo:­
logilCal Survey, National CeDter at Restoo, Vd'11!l1inia. The useld freezing/beating 
rxUcroscope gas-flO'W stage (Werre & al. 1979) y;ielded resWts 'Wi:th preclBion 
UoC in temperature range from 0 to -10°C 8Ild '" l°e at -70 to _100°C. The 
prepantioos were made by double-side poil.is:lJLng of cleavage cbi:pB of fluorite 
crysta1s. B.eI'ractIWe fIDc&es of lalboratory.,prepared salt solutd.<lIlS w.ere measured 
at temperature 20° '± 0.1 CC by refractameI;ric 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 cOiIlBisting of 
gray and smoky quartz, albite, 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 fll'equently forms zones of 
inclusions of O.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 al"e octahedral, mare or less deformed, of light to 
very pale violet oolor with a· p-eeniSh-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 prima1'y 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 yeaLl"S ago (Koz)ow­
ski & Karwowski 1973). More detailed data on Th of fluid inclusions in 
the Strzegom fluarite are given by. Lenkowski (1983), who extended the 
Th values range to 130-255°C for pegmatitic druse floorites 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) i.n fluorite from the Strzegom pegmatite 

1 - Rocm temperature 

2 - frozen to -600 

3 - at _32°C. ice orystals only 

, - at -39.2°C, flilUng recrystalliz.ed to large crystals, "?" - marks doubtful 
liquid + gas CO2 

5 - at -72°C, boundary betwe€n 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 fiuorite 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 lmown fOlj' the Strzegom 
pegmatite fluOIrites. 

Free7Jiing studies were peI'lformed 0Il1 several la:rge (0.1'--0.4 mm) two-phase irdusions ccnta'iDilcg' typica'l ti.1lirlg, i.e. gas '< ldquid (Pl. 1, Fjg. 1). The in­clusions were undoubtedly. primary and under the microscope they did not S'how vi­sible traces of any kind of leakage or epigerietic alterations changing phase ra­tios. Unlike this deSCription, most inclusions were first submitted to the freezing runs cm heatmg, and two ccnt.rol 0IIleS were f.irst homogenized and next frozen. No substaDblal differences ~ fOlllJ/d. ' 
Dur.ing sillg1e :rapid f.reedng down to -130°C the mclusiJOtn filldlng did not crystallize as it usually occurs in so large inclusions. Only a series of freezing­
-~ shooks caused bIreak otf rnetas1able ~rooo1ing 80d crystalllzation at ~O to --6'lOC. raWly to -'7tOOC (lP1 1, F,ig. 2). The erysta.l1ization f1ront moved f'l"OIn one of the inclusion corners, usually with sharp edge or POint, evidently stimula-
ting CJ."3"&ta1HzaMoo.. 

, The frozen inclusiOlIlS started the eutectic melting at Te: from -54 to -58°C, approxilnately. The 10lW precision of. Te determ:ination. was ca'USEld by daffieult ' ab8ervaticm of fiIrst portion of ]liquid in ql8que inclusd.O'IlIS filled by aggregate of fine crystells. However, the Te value indicates that the molusd.on ftl:1intg is essen­tially CaCl.-NaCI-HaO solutiO!Il, becaw;e Te in this ,system equals -52°C (Yanateva 1946; some sources give the value -55QC, e.g. Borisenko 1975). Thus, the inclu­sion. was in the point E cm. the CaClr-NaCl-HaO plot (Text-fig. 1), with theore-., ti!eal eutectics an incl·usion filling, consisting of 1.8 wt. °/. NaCl, 29.4 wt. °/. CaCI •• 68.8 wt. 'I, HJP (Cmwioro 1981), plUiS ex.oess NaCl as NaCl· 2Ha0 (hydr.ohaHte) 8lIld 11.0 ice. If NaCI is more abulnidant in the solutm; CaCJ..· &HJP (anwcticite) meltB first and during the T increase the ~ starts to follow the cotretic curve separatiing the hydrohalite+eo1utim and ice+so11.1JUon fields. IIDclusdon filli!ng is now the mixture of ice and hydro'halite crystals floatllng in NaCI+ +caCl. solution, with dec.reasdng hydrohaHte ooatem. In :tile xepresenl;ative of the studied inclusions the last hyldrohaUte cry~ melted at --412.3OC and the system left the cotectic curve in the point B (Text ... fig. 1), starting to move across the field of lce+soluUOQ. 
, The point B may be used fOIl" determination of fbe CaCl. to NaCI ratio by the lever method. For the sWktiei! mclusioos thi:s is 25 W'f.l. 'I. CaCl. in dry salts. ' 
From this moment, lice :is the 0IIlly crystal phase m iJnclusLon ~. 1, Fig. 3). However, 'the detemlJrnation of the last meltfalog bydrohalite crystal is not a trivial aperatioo. I.n mixfure of many crystals it is posaiIble to miss it aDd to determine the point B ea<meaIJISly. Recrystallizatioo. of the mclusion ccmrtent from few small cryl!fl;a·llb.atioo nuclei may be recommended (Pl. 1, Fig. 4), as well as a use .of-op­ti'Cai fea't1lrES: -ice has Iow refractive .indices (in ID 1.3091, n. 1.3105 at -1 CC) a'Ild pa.ral.lel light extlnctioo due hexagonal strocture. but monoclinic hyUrohalite has Oblique JdJght ext..intf.on. PrqperIy made recry'lPf;allizatioll causes qtUilte good se­

pen¥tion fo hydrobaI!1Ie and f.ce (Pl. 1, Fjg. 6). 
Melting of ice crystals occru.rs somewhere between the paillt B and the H,O corner for solutions of variouB salt coocentrations. lIIl the 9bu.died maJteria1 the last iee crystal melted at Tm 21.1 QC (point A in Text-fig. 1). This helps to de­termine the total salt ' cOOCenJtratdan CaCI.+ NaCl in the lJOlutLon filliJDg mclmion, 
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equal here 24 wL'l. (point C in Text..-. 1). ThUB, combiIninc data from points 
D and C, the main COII\'IXmeDifs at iDclusion fillitIg are: H.O - 78 wt.-I. CaClz -
18 wt. '/" and NaCl - 6 wt. 0/0. 

Some adcli:tliDDBl oibservalti.'ODs were made dwiDg h'eezfIDg rl.llM. During 
attempts of crystallization of the whole i.nclusiO!D filling from few ice or/am:! hy­
drohalifle c.rysta·]s (t. e. (]I], the path from A to E excluding etal1t 21Dd fiInaol points) 
a pad of the filling rema'ined in meta.stable liquid .state (PI. 1, Fig. 5) even. at 
temperature aB law as -126°C, i. e. much belOW' the eutediic tempera1lllre. This 
probably s~ be explained by strong ten~ of IIlaIny ca1d.um sa1!t solu1xloos 
to metastablllty. At temperaturea -72 to -1J8°C in. 8UCh roDS only 4()-,30 vol.'l. 
of inclusion was OOC'I.Wied by solution, contam:ing almast excll.Bively 'all CaCI. 
solute present in the mclusion, i.e. very CIOIlWentratted. 

CcmcentratiOlD of caCI. in tha.t remnaut solI\1f1i.,oo caused the phenQl'DtlllOll at· 
disappearance of the phase ooWldary between the solution and the crystal- fluorite, 
best visible at -70 to-80oC. This means that the remnant solution reached such 
ooncentlratloo thilt ita refaJOtmve index equal!S he ~ :iodex of f1fu<rite 
(1.434 at 20°C). Meaa:uremen1:s of refI18Ctive indices' at sol'1llfS.Oll8 of salts that are 
reasonable an hy'drot'belrlnal soluti.OO$ (Text-fig. 2) prove that anly CaCll is the 

Fig. 1. Pa!rt of the plot txt the CaCl.--NaCl-H.osyil'tan !With the path Of evolu­
tion . of the studied iIDclt.JSfioo flWids (E-B-A); :weight pm:ent&, data tr.om Yanarteva 

(1948); see tezt for otbelt" explaoaUODB 
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8fI:IPropa:date salt: solutdon of 40 e CaCls iJn 100 ml of SOilutiGn has wo ,re.fractf/ve index 1.434 (at 20OC). Temperature varlaUons cbange the refractive index va:lue . but not so eseeotdally to 'm8Ide this ev.idance inva1id. 
DUl'IIllg free7Jllng l'II.II:I$ the searoh for liquid co. iIi ·iDclUillions was made a:nd .specif·ic feature IWBB OIbBervefd .w.hich may be iz:Iiter1preted er.roneowlly u riIrn of liq!Ui.d CO. aroU!Ild pS lUJb:le jn a vaeuole eIllIbedIcieId :10 me+hydrohallte, Where salt solutioo. from DIther pa:rtl; CIf Jnc1:ueioo. 'was sucked or dnjecIied, fat'llllilDg liquid layer. HOWE!Ve"r, the sma:1l "~lc" b~le in \he left pari of iDcluslon (pI. 1, Fig.<; 4 _5; marked "?") C8D!Dot be expla:fned satisfa'C!t!olrily, a.lthough 1~ looks 

like liquilli plus gas Co.. 

1.48 
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> ------------------------~-~,.a .w~ 
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Fig. 2. Befrdve iondices of solUtions of scme selec1:ed salts 
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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 & NoWlikowski 1981, Nowa .. 
kowski & Kodowski 1983), which precedes the fluorite fonnation. The 
fluorite crystallization from calcium-rich solution should be limit-ed by 
the inflow of fluo'rine, immediately oonswned for CaFll precipitation. 
Those solutions were supposedly low in magnesium, carbonate and sul­
fate ions, becaus·e otherwise sellaite MgFll (Sc'haefer & Striiobel 1979), 
carbonates or sulfates would occur in inclusions as daughter minerals. 
The only caUon, the presence of which is possible in limited amount 
in the inclusion fluid, is potassium. 

SimilaJl." calcium-rich fluids are not extraordinary in various endo­
gene geological environments and they have hitherto been recognized 
also in the scheelite deposits (Hing 19'79), in metamorphic rocks (Craw­
fon! & al. 1979), and in present-day rift zones (Hardie 1978). 
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02-089 Warszawa, Poland 
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A. KOZLOWSKI 

BOZTWOBY WAPNlOWE W .INKLUZJACB WE PLUOBYCIE Z PEGMATYTOW 
. 8TBZEGO~ 

(StreBzczenie) 

Prozedm£otem pracy jest UBt8ileaie aldaidu ro()flJbwQr6w maclerzystyoh fluarytu 
z pegmaty:tOw Strzegamda meted, badlanda lIl!klu.zji flulda1n.yC'h, ktoryoh telniPera­
tury IraInogeo;izacji 'WyDOIIUy od liJ5 do 180OC. ZaIttosowano zaIm.r8r1.anie iDkl'IJZji 
do tellltPera:t.Ull"Y -130°C (pI. I), a na&tlplfe fizylrochemicznfl 8IDa1~ ~an 
w ink:luzjQch podcza& :zmian temperatury (f:ig. 1) :l pcrOwoanie wJsBnooScl optycz­
nY'Ch roztwor6w w mkluzjach ~ rozItworillw syotetycm;ych <-. 2). Stwierdmno, 
ze badane fluory:ty krysta:lizawaly z rozt.wor:u, 0 sklatdzfe 76'1. wag. H.O, · 1~/. wag. 
CaCI. i ~/. wag. Neel. SIIdad ten Ja do~ rzadk!l, ale • wyJ,'tkawy w !l"<lmla1-
tych !r000wll£kaclJ. ~h. 
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