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Abstract. The present paper is an attempt at elucidating the genesis of rock
crystal occurring in the kaolinite rock at Jegtowa, Lower Silesia. The temperatures
of quartz crystal formation vary in the range 350—120°C. Upon the determination
of the chemical composition of the parent solutions it has been found that Na*, €azs:
K+, Al3+ and Cl— were the principal ions. The mean concentration of the solutions
was 18 weight per cent. The probable pressure during the crystallization of quartz
from these solutions attained a value of 500—600 atm (for the temperature 220—160°C).

QUARTZ OCCURRENCE

Rock crystals at Jeglowa in Lower Silesia occur within the kaolinite
rock associated with the series of quartzite rocks. The rock complex in the
region of Jeglowa consists of quartzite schists, quartzites and sericite
schists, regarded to be of Lower Devonian age. They are the elements of
the metamorphic cover of the Strzelin granitoid massif. Kaolinite appears
as lenses and beds up to 2m thick, as well as in the form of nests and
veins within the quartzite schists (Oberc 1966).

The kaolinite rock is made up of either kaolinite or mixed-layer kaoli-
nite-smectite of hydrothermal origin (Szpila, Wiewiéra, Gadomski 1972;
Wiewiora 1973).

Quartz crystals grow on quartzite schist fragments or frequently form
automorphic specimens, sometimes terminated at both ends of the c-axis.
Occasionally, clusters of opaque and milky quartz crystals, commonly
broken and regenerated, have been recorded. The size of crystals varies
within a wide range, from some millimetres up to 25cm. The bu}lg of
crystals are small in size, their morphology being considerably diversified.
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The larger crystals have zonal structure. The crystals are often twinned
according to Dauphiné, Brazil and Japanese laws. There are shallow cavi-
ties on the prism walls. '

EXPERIMENTAL

The physico-chemical conditions of quartz crystallization have been
determined using the following methods:

Temperature was determined by a) the method of homogenization of
gaseous-liquid inclusions (Roedder 1967), b) decrepitation thermoacoustic
method (Pawlowska 1971), c) decrepitation thermogravimetric method
(Karwowski, Kozlowski 1972). The method of Naumov and Malinin (1968)
was used to determine the pressure. The chemical composition of the
parent solutions was defined by means of water extracts (Kalyuzhnyi
1960), whereas the amount of inclusions and the solution concentrations
by calcination method (Karwowski, Koztowski 1971).

The electron micrographs of the inclusion replicas were made by
P. Dzierzanowski, M. Sc.

FLUID INCLUSIONS

Fluid inclusions in quartz from Jeglowa were first reported by Mo-
rawiecki (1953). The investigations performed by the present authors per-
mitted to detect two-, three- and one-phase inclusions (Koztowski, Kar-
wowski 1972). ’

1. Two-phase inclusions are both primary and secondary.
They contain mainly salt aqueous solution (80—95% of volume) and a gas
bubble (20—5% of volume), and homogenize into liquid phase. The primary
inclusions are associated with the zones of crystal growth or appear all alo-
ne; the secondary ones usually occur along healed fractures (Phot. 10).

9. Three-phase inclusions contain, besides aqueous solution
and a gas bubble, a radial, loose or compact aggregate of lowbirefringent
kaolinite-smectite *. The aggregates occupy different parts of volumes in
the bubbles — from over 50% (Phot. 1), through 20—10% (Phots. 2, 3)
down to single laths only (Phot. 4). Kaolinite-smectite fails to dissz)lve’
when heateq to temperatures of the inclusion homogenization. The occur-
rence of various amounts of kaolinite-smectite in the inclusions with similar
homogenization temperatures, as well as the presence of inclusions with
the same homogenization temperatures that do or do not contain kaolinite-
-smept1te (Phots. 4, 5) prove that kaolinite-smectite is the entrapped mine-
ral, i.e. formed on the crystal surface or in fracture cutting crystal and
then closed in the inclusion, but not a second-generation mineral, i.e. such
that crystallized from the content of an already isolated incluék.m. The
fact that there are no disturbance in the orientation of the agﬁregateé ma
testxfy_ to crystallization in the loci of the actual occurrence o(f the entra }Z
ped mineral, without the redeposition by hydrothermal solution &

* Identified on the basis of infrared absorption spectrum (Wiewiérav1973)
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Morawiecki (1953) gives a drawing of an inclusion that contains a halite
crystal (about 5—T7% of volume) besides the gas bubble. The authors have
failed, however, to find any similar inclusions; neither has the presence
of liquid CO, been noted.

3. One-phase of fluid inclusions are not very numerous
being the latest generation of the secondary inclusions.

TEMPERATURE

The determination of the temperature of quartz crystallization was based
on 320 measurements of the homogenization temperature (T}) of the inclu-
sions (Fig. 1). The earliest parts of the crystals formed under .relative'ly
high-temperature hydrothermal conditions (350°C), the inclusions with
T;, approximating 300°C being most amply represented in the high-tempe-
rature group. Subsequently crystals were broken and fractured, then ci-

T

Fig. 1. A histogram of homogeni-
zation temperatures of inclusions
in quartz
1 — two-phase inclusions, 2 — two-
and three-phase inclusions (with kao-
linite-smectite)

healed and regenerated. Regeneration as well as crystallization of the
outer zones of crystals and of low-temperature specimens were most mt%n—
sive in the temperature range 200—160°C, then termma‘ged at .about 1202C,
giving rise in the final stage to transparent, almost inclusion-free cry-
stals. Inclusions with kaolinite-smectite appeared at a terr}perature about
990°C, disappearing at 160°C. The temperature data obtained correspond
to the temperature range determined by decrepitation methods (Koztow-

ski, Karwowski 1972).

PRESSURE

ination of pressure on the basis of flgid .inclus1ons is a far
moihiocrlsgﬁfgted matterpthan temperature determmatlpn. The analyse‘(i
quartz does not contain inclusions with liquid COZ, wh}ch.vsiloulci ‘periml‘
a precise determination of pressure. Upon opening t.he individua anbléi-
ions it has been found that, under normal-cond1t1olns, the gas bu'd:
increases in volume, it therefore consists presgmably of other gases besl iz
H,O vapour. However, the presence of the inclusions homogemimg 1?}‘6
of fluid phase only makes it impossible to galculate thg pressure x;iorn dAr
difference in the volume of gaseous phase In a closed inclusion an ll‘mb?e
normal conditions (Kalyuzhnyi 1960). Iq consequence, the on%g ?ppfli\?au-
method for an approximate determination of pressure was that o
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mov and Malinin (1968), based on the difference in the homogenization
and decrepitation temperatures of the inclusions. The resultant data fall
within the range 500—600 atm. This value should be presumably regarded
as approximate and as characterizing rather the upper pressure limit
during the crystallization of quartz. It should be mentioned here that it
corresponds to a lithostatic pressure of a 2000-metre overburden.

THE COMPOSITION AND CONCENTRATION
OF THE SOLUTION

The mean chemical composition of the parent solution of quartz (Tab. 1)
shows that the rock crystal formed from a solution of the Na—Ca—K—
__Al—Cl type with the content of other cations not exceeding 0.1% and
fluoride and bicarbonate anions occurring also in subordinate amounts.
The presence of borate correlates well with small tourmaline aggregates

Raibilie el

Concentrations of ions in the parent solution of quartz

Cations % ‘ mval Anions % mval
Lit 0.004 0.0006 | F— 0.21 * 0.011
Na+ 4.2 0.18 Gl 11 0.305
K+ 0.83 0.021 BO3™ 0.007
Mg+ 0.02 0.002 HCO, (i) % 0.002
Cat+ 1.0 0.05
Sr2+ 0.04 0.001
Baz+ 0.04 0.0006 1
Ald+ 0.51 0.06 '
Mn2+ 0.06 0.002
Fe?t \ 0.08 ) 0.003

|

Total ~6.8 ~0.32 ~114 1 ~0.32

* Analyst: Z Jonca, M. Sc.
*+ Analyst: Dr P. Zawidzki.

that appear in the quartz schists. Worthy of note, on the other hand, is
the lack (up to the sensitivity limits of the method used) of titanium which
appears in quartz (34 ppm) also as anatase inclusions, therefore must have
been originally present in the solution.

In the analysed water extract the presence of silicon compounds was
conspicuous; however this element has not been determined because of the
unavoidable contamination of the solution with fine-dispersive silica for-
med during the grinding of quartz. It should be noted that T = 200°C and
P = 500 atm solubility of quartz in water is about 0.04% (Kennedy 1950).

The mean concentration of the solution was about 18 weight %.
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The pH of the extract of the inclusion content in quartz tends to attain
values lower than 7. Also the chemical composition of the inclusion fillings
points to a weakly acid reaction of the solution.

The density of the solution present in the inclusions filled up to 92.5—
93% and having a homogenization temperature of 164—167°C is 1.02 g/cm?
at the temperature of homogenization.

THE ACTIVITY OF THE SOLUTIONS

Examinations of the morphology of the inclusions prove that not
in all the stages of their activity did the hydrothermal solutions affect
quartz in the same degree. Three is a substantial amount of xenomorphic
inclusions that have never attained the morphology of the minimum
energy surface (Roedder 1971). This fact attests to a relatively weak inten-
sity of recrystallization of the faces inclusion of after its isolation, and
hence to a low activity of the inclusion filling (Phots. 2—5, 9). There is
also a considerable number of inclusions with the morphology of perfect
negative crystals enclosed by flat faces. This shape resulted from an inten-
sive recrystallization of the faces of inclusions and the transportation of
their substance by the active solution filling the inclusion until the equil-
ibrium morphology, i.e. the minimum energy surface, was attained. Exam-
ples of such negative crystals are shown on Phots. 6, 7 and 8.

The nature of this variable activity of the solution has not been ex-
plained, though the differences in the pH values and in the composition
seem to be the most probable reason.

THE INFRARED ABSORPTION SPECTRUM OF QUARTZ

Quartz from Jegtowa has a fairly rich infrared absorption spectrum in
the range 3000—3700 cm™1. The bands 3200 and about 3300 cm~! refer to
the vibrations of the quartz crystal lattice and are not connected with the
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Fig. 2. Infrared absorption of quartz in the range & X‘\//Kfmv,.,‘
3000—3700 cm—1; oriented preparation .//Z,. 1 mm thick, iz \ oy
UR-20 spectrophotometer, LiF; determinations made by \ L :
A. Pelc M. Sc. Nt N ]
\‘M\ (\/ [‘\U'L[ i
\/ |
: i
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lattice defects (Brunner, Wondratschek, Laves 1961). The absorption bands
3384, 3440, 3487 and 3520 cm-1 are due to the presence of OH groups in the
association OH — Li in the vicinity of aluminium-oxygen tetrahedra that
substitute the silicon-oxXygen tetrahedra (Bukanov et al. 1969). It appears
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therefore that quartz crystallization under the discussed conditions
brought about the incorporation of lithium (10 ppm) and at least a part of.
aluminium present in quartz (280 ppm) in the structure of quartz.

The OH groups from the analysed quartz are relatively hard to re-
move (even when heated at 500—1000°C for 150 hours, in which at 1_000 C
for 100 h). Moreover, there is a difference in the rate of removal; while the
band 3487 cm~! disappears upon heating at 600°C for 15 h, the other ones
are still visible after 100-hour heating at 1000°C (Fig. 2). It may be pre-
sumed then that this fact proves a different position of OH groups in the
quartz structure.

FINAL REMARKS

The investigations performed and the resultant data permit to infer
that both quartz and kaolinite-smectite occurring in a common paragenesis
are minerals of hydrothermal origin. The first generation of quartz crystal-
lized under high-temperature conditions, at about 300°C. It is separated
from the following generation by a period of tectonic disturbances and the
probable change in the chemical composition of the solution that led also
to the crystallization of kaolinite-smectite besides quartz.
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Fukasz KARWOWSKI i Andrzej KOZEOW SKI

TEMPERATURA, CISNIENIE I SKEAD ROZTWOROW
MACIERZYSTYCH KWARCU Z JEGLOWEJ, DOLNY SLASK

Streszczenie

W obr'ebie kwarcytow i tupkéw kwarcytowych, stanowigcych ostone
metamqrﬁcznq masywu strzelinskiego, w miejscowosci J eglowa, w strefach
wypelmonych mineratami ilastymi, wystepuja automorficzne krysztaly
kwarcu. Mmeral ilasty w ktorym wystepuja kwarce jest mieszanopakie-
towym mineratem z grupy kaolinitu-smektytu.

Autorzy przebadali inkluzje gazowo-ciekle (fot. 1 do 10), wystepujace
w krysztatach kwarcu. Na podstawie skladu fazowego oraz temperatur
homogenizacji ustalono, ze kwarc jest pochodzenia hydrotermalnego. Po-
czatek krystalizacji kwarcu mial miejsce w temperaturze okoto 3505C
z homogenicznego roztworu wodnego. Nastepnie doszto do silnego spekania
i pokruszenia utworzonych krysztatow. W temperaturze okoto 250°C na-
stapil etap zablizniania i regeneracji oraz ponownego wzrostu krysztalow.
Najsilniejszy rozwoj tego zjawiska mial miejsce do temperatury 160°C.
Dziatalno$é roztworéw hydrotermalnych zaznaczyla sie jeszcze do tempe-
ratury 120°C (fig. 1).

Sktad fazowy inkluzji $wiadczy o niezbyt duzym stezeniu soli oraz
podrzednym udziale weglanéw. Na podstawie analizy ekstraktow z inklu-
zji ustalono, ze roztwor macierzysty zawierat jako gtowne kationy Nat,
a2t R S oraZ W podrzednych ilosciach i, Vg2 b S i e
Ba2t, Mn2*+ i Fe?*. Glownym anionem byl jon chlorkowy, a podrzednymi
jon weglanowy i boranowy (@ab i)

Na podstawie metody Naumova i Malinina okre$lono ci$nienie dla kry-
stalizacji gtéwnej masy kwarcu na okoto 500—600 atm. W przedstawionych
wyzej warunkach zaistnialy sprzyjajace okoliczno$ci do powstania w in-
kluzjach w kwarcu, a takze w jego otoczeniu, mineratu z grupy kaolinitu-
-smektytu. Dane te $wiadcza o hydrotermalnym pochodzeniu kwarcu jak
i kaolinitu-smektytu.

OBJASNIENIA FIGUR

Fig. 1. Histogram temperatur homogenizacji inkluzji w kwarcu
1 — inkluzje dwufazowe; 2 — inkluzje dwu- i trojfazowe (z kaolinitem-smektytem)

Fig. 2. Absorpcja podczerwieni kwarcu w zakresie 3000—3700 cn—1; preparat oriento-
wany /Z, grubo§¢ 1 mm, spektrofotometr UR-20, LiF, oznaczenia wykonane

przez mgr. A. Pelca

OBJASNIENIA FOTOGRAFII

Fot. 1. Tréjfazowa inkluzja W kwarcu z Jeglowe]j sawierajgca uwieziony agregat kao-
linitu-smektytu
g — faza gazowa, k — kaolinit-smelktyt, pow. X 800
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Fot. 2—4. Trojfazowe inkluzje zawierajace zmienne ilo$ci kaolinitu-smektytu (k), po- OB BICHEHUS K SOTOCHUMKAM
wiekszenie X 600
Fot. 5. Dwufazowa inkluzja gazowo-ciekla, pow. X 600 ®oro 1. Tpexcdasosoe BKJIOUCHHE B kBapie mectHocTH ErsoBa, cojepxkaiiee KAOJIHHUT-
Fot. 6. Automorficzna inkluzja ,kubiczna”, POW. X 12 200 -CMEKTHTOBBIH arperar
Fot. 7. Automorficzna inkluzja ,,kubiczna”, dwufazowa, pow. X 600 g — rasoBasi (asa, k — xaoaunut-cMektut; X 800
Fot. 8. Automorficzna inkluzja z symetria trojkrotna, pow. X 12 200 doto 2—4. Tpex(asopoe BKIOUEHHe, cojeprKalliee NMepeMeHHOe KOJIMUYECTBO KAOJHHHT-CMEK-
Fot. 9. Ksenomorficzna inkluzja, pow. X 12 200 rura (k); yBemr X 600
Fot. 10. Inkluzje ksenomorficzne na zaleczone]j szczelinie, pow. X 12 200 ®oro 5. JIBHxda3oBoe BKJIOUEHHS Ta30BO-KHIKOE, yses. X 600
Fot. 6, 8, 9, 10. Obrazy z mikroskopu elektronowego, repliki doto 6. AgToMoppHOe ,KyOHuecKoe” BKIIOUCHHE; YBE. X 12200
®oro 7. AsromopdHoe ,,KyGuuecKoe” 1BYyXx(asoBoe BKJIOUEHHE; yBEJ. X 600
dorto 8. ApromopdHOe BKIIOUEHHE C TPEYroJbHOM cummetpueir; yser. X 12 200
doro 9. KceHomopdHOe BKIIOUEHHE; yBEJ. X 12 200

o KAPBOBCKH, Ariondol KO3J]OBCKH | doro 10. Kcenomopduble BKJIOUEHHS Ha saneqennoit Tpemuue; yses. X 12 200

®oro 6, 8, 9, 10. O6pa3 moj 3J1EKTPOHHBIM MHKPOCKOTIOM, perJIHKIL

TEMMEPATYPA, JABJEHHE A COCTAB MATEPMHCKHX
PACTBOPOB KBAPLIA M3 ErJIOBOM B HUW)KHEH CUJIE3UH

PeswoMme

B KBapuurax H KBapU.I/ITOBbIX cJIaHIax MeTaMOpde‘XECKOI‘O KOMILJIEKCA,
BMelaiolero CTILIeJIHHCKP]I';I MAacCHB, B MECTHOCTH ErsioBa, BCTpeanOTCﬂ aBTO -
Mop(bele KPHCTAJIJIbI KBapuad, npnypoqe}mble K 30HAM, BBIIIOJHEHHbBIM TJIMHH-
CTBIMH MHHEpaJaMH. T MHUCTBIE MHHEPaJIb HpeﬂCTaBJIHIOT cMelllaHHble Kao-
JUHUT-CMEKTHTOBbLIE TaKeThbl-

ABTOpBI aHAJM3HPOBAJIHA JKUJIKO-Ta30Bble BKJIOUEHHs: B KpUCTaJIaX KBap-
na (¢oro 1—10). Ha ocrnosanHH azoBoro cocraBa M TeMNeparyp TOMOTEHH-
3alHH ONpe/IeeHo THAPOTEPMAILHOE IIPOMCXOZK/IeHNEe KBapLa. Kpucranausa-
|Hsi KBAplia B TOMOTEHHOM BOJHOM pacTBOpe naunnanach npu 350°C. Jlazee
NPOMCXOAMIO pasapobienne HOBOOOPA30BAHHbBIX KPHCTAJIOB. Ilpu remmepa-
Type TOopsiiKa 950°C TIPOHCXOAMJIO 3aJIEUMBAHHE, perenepaius M HOBBI POCT
kpucraios. Haubosee MHTEHCHBHO 5TOT MPOILECC NPOTEKAN 10 TeMIepaTyphbl
okosio 160°C. TuuporepmanbHas AesATENbHOCTE NIPOSIBJISIACH BILIOTH /10
D02 E (@ )E

a30oBbIil COCTAB BKJIIOUEHHH CBHIETEJLCTBYET O JOBOJBHO cJ1abou KOH-
IIeHTPALUH COJEeH H HeBOJIBIION POJIH KapBOHATOB. AHAJH3 BBITSKEK U3 BKIIO-
yeHHi 1OKA3aJ, YTO TJIABHBIMH KaTHOHAaMH B COCTABE MAaTepHUHCKOrO PacTBO-
pa siBasauch Na*, Ca2t, K+, Al** ¥ B NONYHHEHHOM gosuuectse Lit, Mg+,
Sr2+, Ba2+, Mn2+, Fe?*. TJIABHBIM AHMOHOM ObUI XJIOPH/IHBIA HOH, MOJAUHHEH-
HBIMH — KapOOHATHBIHA U Gopatubiit (raba. 1).

C momoupio MeToxa HaymoBa H MaxuauHa ObLIO OMpeseseHo, 4To JAaBJe-
HUe NPH KPUCTAJIN3AIHH OCHOBHOM Macchl KBapua cocrasisiio 500—600 aTm.

B onucaHHbIX YCIOBHAX B UHKJIO3UAX U B OKPYZKEHHU KBapia MorJo npo-
HCXOJAHUTHb O6pa3OBaHHe MHHEPAJIoB rpynmbl KAOJIMHUTA-CMEKTHTA. OTH [aH-
Hble CBHUAETEJHCTBYIOT O I‘I/IILpOTepMaJIbHOM refe3uce Kpapla H KAOJIMHUTA.

OBBJCHEHUS K GPUTYPAM

@ur. 1. TucrorpaMma Temmneparyp 10MOTeHH3alMH BKJIOUEHHI B KBaplle

1 — nByxdasoBple BKJIIOUCHHS, 2 — sBYX- U Tpexdazopble BKIIOYEHHA (C KAOJUHHTOM-CMEKTHTOM)

®ur. 2. UK-criekTp MOTVIOUIEHHs KBapua B 06/1acti 30003700 cM—1; OpHEHTHPOBAHHBII Tpe-

napar /Z, TONHHA 1 MM, cnekrpoporomerp YP 20, LiF, ananna TPON3BOANI
mrp. A. Tlenbig
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1. Three-phase inclusion in quartz from Jegtowa containing an entrapped kaolinite-

-smectite agregate; g — gaseous phase, k — kaolinite-smectite, > 800. A Phrees
-phase inclusions containing variable amounts of kaolinite-smectite (), X 600.
5. Two-phase inclusion, gaseous-liquid inclusion, X 600.

F.ukasz KARWOWSKI, Andrzej KOZEOWSKI — Temperature, pressure and compo-
sition of the parent solutions of quartz from Jegtowa, Lower Silesia
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» inclusion, X 12 200. 7. Automorphic »cubic”, two-phase inclu-
lusion with three-fold symmetry, X 12200. 9. Xeno=
hic inclusions on a healed fracture, X 12 200.

6. Automorphic ”cubic
sion, X 600. 8. Automorphic inc
morphic inclusion, X 12 200. 10. Xenomorp
Phots. 6, 8, 9, 10. Images from the electron microscope, replicas

Eukasz KARWOW$KI, Andrzej KOZEOWSKI — Temperature, pressure and compo-
. sition of the parent solutions of quartz from Jeglowa, Lower Silesia



