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Abstract Idiomorphic halite crystals from Wieliczka showing zonal structure
have been investigated. The presence of terrigenic and chemical material accumula-
ted in the planes parallel to 001 of these crystals indicates that their nucleation and
recrystallization took place on the floor of an evaporational basin. The mineralogical
composition of terrigenic and chemical admixtures in halite crystals have been iden-
tified and the directions and rate of crystal growth determined.

INTRODUCTION

During the investigations of the Miocene rocks of the Wieliczka salt
deposit in the years 1971—1974, coarse-crystalline rock salts, called green
salts, have been noticed. They are a chemico-terrigenic complex made up
of alternating rock salt beds and mudstones or sandstones containing anhy-
drite (Gawel 1962). In the investigated geological profile, which is on the
mining level No VIII in the s.c. bedded part of the deposit, the thicknesses
of the consecutive salt beds from the bottom upwards are: 1.2, 3.0, 1.0,
1.0 m. From the bottom they are underlain by mudstones containing an-
hydrite, while in the top they contact through a thin mudstone layer with
the ”’shaft salt” bed.

Green salts and halite from the Wieliczka mine were investigated by
several authors, e.g. Aleugtner and Pawlowska (1961), Gawet (1962), Cha-
rysz (1967), Pawlikowski (in press), Manecki and Pawlikowski (in press).
The peculiar form of halite occurring in these salts, as well as the substan-
tial amount of the accompanying anhydrite have induced the present
authors to perform more detailed investigations.
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EXPERIMENTAL PROCEDURE

The analyses were carried out on three samples derived from the lo-
wermost and two successive rock salt beds. They are represented by three
large halite crystals that were subjected to microscopic examinations as
well as to X-ray diffraction, electron microprobe and infrared absorption
spectroscopic analyses. Microscopic (optical) observations were made both
in natural samples and thin sections. X-ray diffraction analysis was carried
out with the TUR-61 diffractometer in the range of © = OE—2P 8 sIng
Fe-filtered CoK, radiation and powder preparations made from the mate-
rial separated from the halite crystals. Infrared spectroscopic investiga-
tions were performed on the UR-10 (Zeiss, Jena) apparatus in the range
of 400—3800 cm—1, with natural halite crystals as preparations. Electron
microprobe analysis was made on the MS-46 CAMECA apparatus in the
Department of Structural Analyses of the Institute of Metallurgy, the
Academy of Mining and Metallurgy in Cracow. The following parameters
were selected: accelerating voltage — 10 kV for carbon, 15 kV for sodium
and 20 kV for the other elements; sample current — 600 nA for carbon,
50 nA for sodium and 15 nA for the other elements. PET, KAP, OdPb
crystals were used as monochromators and SiO,, CaFs, Al, NaCl, C, potas-
sium glass with 8.4% K as standards. The sample was coated in vacuum
with a thin layer of gold.

EXPERIMENTAL DATA
Samples 1, 2

Since the samples 1 and 2 represent a similar type of halite crystals,
the results of their examinations are given jointly. Their size amounts up
to 2.5 cm. They are idiomorphic with a characteristic zonal structure. In
dark zones there are substantial amounts of linearly arranged liquid-ga-
seous inclusions, their size not exceeding 40—60 u. The brine in the inclu-
sions is sometimes slightly turbid, which is readily observable at great
magnifications. In halite that makes up these zones single flakes of clay
minerals (Phot. 1) with the morphological features similar to those of chlo-
rite are encountered (Lucas 1962). Light zones contain only irregularly
distributed liquid-gaseous inclusions about 0.1 mm in size, the brine sho-
wing a very high degree of purity. In those crystals, edges of intergrowth
of the faces 100 and 010 with the face 001 in the successive stages of
growth of the halite crystal have been also examined. Their position (Phots
2, 3) evidences the varying rate of crystal growth. In the crystal shown
on Photograph 2 the trace of intergrowths of faces 001 and 010 is visible.
It may be inferred from its position that the crystallization rate of that
crystal did not vary. It should be noted, however, that if a regular halite
crystal grows uniformly in all directions, the plane of intergrowth of the
faces 001 and 010 is at an angle of 45° in relation to them. Assuming that
the crystallization rate is a function of tgo, it equals 1 in all directions.
A value of tg o >>1 indicates a higher rate of crystal growth in one direc-
tion. For crystal 1 (Phot. 2) the value of o = 75°. The crystallization rate
in the direction | 001 face was 3.73 times higher than in the direction

100

| 010. In the case of crystal 2 (Phot. 3), the rate of growth in the direc-
tion L 001 varied with time. In the initial stage it was tg a, = tg 70° = 2.74,
then it decreased to a value of tg 55° = 1.42, finally attaining a value of
tg 85° = 11.43 times faster than in the direction | 010. It may be stated
then that in the two latter halite crystals the crystallization rate was
higher in the direction in which zonal structure is more conspicuous, i.e.
in the direction close to the vertical from the bottom of the salt layer.
Infrared spectroscopic analyses. The analyses were per-
formed for two parts of the crystal (sample 1, Fig. 1). One part of the cry-
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Fig. 1. Infrared absorption spectra
a — part of halite crystal (sample 1) with indistinct zonal structure, b —
part of halite crystal (sample 1) with conspicuous zonal structure

stal, revealing the presence of a few indistinct zones, fails to show absorp-
tion bands in the range of 400—3800 cm—1. It may be inferred therefore
that the halite is highly pure, the amount of impurities being lesser than
1% (measurement sensitivity). The other part of the crystal, adjacent to
the face 001, has a much better pronounced sonal structure. Its spectrum
shows two broad absorption bands about 800 and 1100 cm~! and a'band
about 3400 cm~ 1. It is impossible to identify the admixtures present in the
sones on their basis, though it may be noted that this part of the crystal
contains a substantial amount of water occluded in the liquid-gaseous in-
clusions.

Sample 3

This sample is an idiomorphic halite crystal with an edge length of
4.1 ¢cm, showing distinct zonal structure. Zonality is made more cons;.n—
cuous by the presence of terrigenic material on the crys?al growth slurfaﬁes
|| 001. Flaky concentrations of clay minerals, ac_compamed by smal ;{n y-
drite nodules may be distinguished macroscopically in the zones. -ray
examinations were carried out on the material separateq from one half of
the crystal (sample 3) whereas the other half was subjected to electron
microprobe analysis. ; sinad

As appears from the X-ray diffraction pattern (Fig. 2), theléio;nolg:i;)
admixture in halite is anhydrite (dni = 3.87, 3.50, 2.85, 2.3%& 2 lzxch waé
It is accompanied by gypsum (dpir = 6.8, 3.80, 3.07, 2.68 A), whl
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Fig. 2. X-ray diffraction pattern of the material separated from halite
crystal (sample 3)

most likely obtained from anhydrite during the laboratory treatment of
the material separated from the halite crystal. The material under study
also contains a substantial amount of dolomite (2.89, 2.40, 2.19 A), musco-
vite (9.9, 5.03, 3.34, 2.85, 2.58 A), as well as an inconsiderable amount of
quartz (4.26, 3.34 A) and of a mineral from the smectite (15.3 A) and kaoli-
nite-chlorite (7.19 A) group. The reflections dpi = 2.68, 2.40, 2.22 A may
be indicative of the presence of some pyrite. Its occurrence is not, however,
quite certain because the above reflections coincide with those of anhy-
drite and gypsum. The minerals appearing in the amounts lesser than
939 failed to be detected by X-ray powder method.

The other part of the crystal was subjected to electron microprobe
analysis to determine the distribution of Na, Ca, MiosiSHillle BKGIBaLEST #E)
Al and Si in three selected microareas of the crystal.

Microarea 1 (200 X 200 um). The analyses were carried out on
terrigenic minerals distributed in the zones || 001. Observations of the topo-
graphic and absorption electron images have revealed the presence of gra-
ins with sharp outlines, standing out in relief against the halite background
(Phot. 5). A comparison of Si distribution with the data obtained from
linear (Phot. 3) and local analysis has shown that they are quartz grains.
In their immediate vicinity Ca and a small amount of C have been noted,
this distribution indicating that quartz grains are accompanied mainly
by anhydrite and carbonate minerals. Ca and Mg have not been found to
co-occur in the analysed microareas, which implies that carbonate minerals
are represented mainly by calcite and, subordinately only, by dolomite.
The mode of occurrence of Ca and C also indicates that the carbonates
concentrate predominantly near quartz grains. Quantitative analyses, as
well as the observations of K, Al and Si distribution may point to the
presence of potassium aluminosilicate. It is interesting to note the low
content of Si, which could have been partly leached from the aluminosili-
cate under the conditions of the reducing alkaline medium. From the mi-
croprobe trace across the area where aluminosilicate and quartz occur in
halite (Fig. 3) it appears that they are accompanied by Ca (about 14%). 1t
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is not to be presumed though that Ca enters into the structure of alumino-
ilicate.
i In microarea 2 (200X 200 um), a spherical body about 120 pm
in diameter, embedded in halite, has been recorded. The topographic and
absorption electron images in this area show that the body stands out dis-
tinctly in relief against the surroundings, its interior being heterogeneous.
It is evident from the mode of
occurrence of C and Na that the
rim of the body has a higher con-
tent of C, that of Na being simul-
taneously lower. Inside the body
there are single grains with
higher Ca and S contents, which
attests to the presence of anhy-
drite accompanied by small
amounts of carbonate minerals.
The rim of the body also con-
tains a little Ca, but, considering
the substantial C content and
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Fig. 3. Microprobe trace for _Si, PAEEReY
Ca across microarea 1 of halite crystal
(sample 3)
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Inthe third microarea of the sample (300 X 300 um), lath-for-
med anhydrite crystals appear in halite (Phot. 7). Their interiors and con-
tacts with halite were thoroughly investigated. An analysis of the distri-
bution of Ca, S, C and Na shows that Ca is not all bound in anhydrite. It
also partly comes from carbonates, which is evidenced by its good corre-
lation with C. In the microarea under study only an insignificant amount
of Mg has been detected; it may be therefore presumed that calcite is the
carbonate mineral co-occurring with anhydrite. It also appears from the
distribution of those elements that anhydrite contains somewhat more
carbonate inclusions than halite.

The distribution of Fe is uniform throughout the area. Only sporadi-
cally, on the contact of anhydrite crystals with halite, have slightly grea-
ter amounts of Fe in the form of concentrations 1—2 pm in size been re-
corded. Sr and Ba have been found in trace amounts, concentrating mainly
inside anhydrite.

The discussed mode of occurrence of anhydrite in the halite crystal evi-
dences that it could not have formed as a result of gypsum dehydration
or recrystallization from flowing solutions. It originated authigenically
from sea water during the growth of halite crystals.

CONCLUSIONS

Halite crystals showing zonal structure have been reported from Wie-
liczka in earlier mineralogical publications (Gawet 1962; Prochazka et al.
1969). In foreign literature a similar type of halite has been described by
Wardlow and Schwerdtner (1966). No author, however, has noted so far
the presence of terrigenic and chemical material on the crystal growth
surfaces. The substantial amount of this material and its distribution on
the planes parallel to 001 of halite crystals indicates that nucleation and
recrystallization of the green salts took place on the floor of an evapora-
tional basin. Grains of other minerals of chemical origin (anhydrite, dolo-
mite, calcite), terrigenic minerals (quartz, muscovite, minerals of the
smectite, kaolinite and chlorite group), as well as plant pollens fell on the
partly formed crystals. Observations of zonality of halite crystals also
imply that, besides the grains of the above-mentioned minerals, liquid
inclusions were the main factor affecting the growth of crystal in a given
direction. They are, just like temperature (Honigman 1961), one of the
main determinants of the directional development of halite crystals. The
electron microprobe analysis has confirmed the presence of the minerals
identified by other methods; moreover, it has revealed trace amounts of
a mineral containing Si, Al, K, Ca (Phot. 5). A quantitative analysis at
different points has shown that this mineral is heterogeneous, containing
12.0—21.0% Si, 8.5—12.0% Al, 6.0—11.0% K and 13.0—14.0% Ca. A precise
determination of its composition presented, however, difficulties, conside-
1f'ing the very small size of the mineral grain and unevenness of its sur~

ace.
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O PEWNYM TYPIE KRYSZTALOW HALITU Z WIELICZKI
Streszczenie

Przedmiotem badan byly idiomorficzne krysztaty halitu z Wieliczki
wykazujgce budowe zonalng. Obecnosc¢ matel:ialu terrygenicznego 1 che-
micznego, skupiajacego sig na plaszezyznach rownpleglych do 001, po_zwala
wnioskowaé, ze Kkrystalizowaly one na dnie zbiornika ewaporacynego.
Rozpoznano charakter mineralogiczny materiatu detrytycznego 1 chemicz-
nego stanowigcego domieszke w krysztatach halitu oraz kierunki i predkosc

wzrostu tych krysztatow.

OBJASNIENIA FIGUR

Fig. 1. Widmo absorpcyjne W podczerwieni
a — czesci krysztalu halitu (prébka 1) o stabo Zazn‘acza [
cze§ci krysztatu halitu (probka 1) o wyraznej budowie zonalnej

Fig. 2. Dyfraktogram rentgenowski materiatu wyseparowanego Zz
(probka 3) vishh

Fig. 3. Krzywe przedstawiajgce zmienno§é zawartosci Si,
1 krysztatu halitu (probka 3)

Fig. 4. Krzywe przedstawiajace zmienno$¢ zawar
halitu (prébka 3)

jacej sie pudowie zonalnej, b —
krysztatu halitu
Al, K, Ca w mikroobszarze

togci Na w mikroobszarze 2 krysztatu
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OBJASNIENIA FOTOGRAFII

Fot. 1. Blaszka mineralu ilastego zblizona pod wzgledem cech morfologicznych do
chlorytu, wystepujaca na plaszezyznie wzrostu 001 krysztatu halitu. Probka 1.

Mikroskop elektronowy Tesla BS 613. Pow. X 14 000

Fot. 2. Krysztal halitu (prébka 1) o zonalno$ci [|001. oy — kat miedzy §ladem krawe-
dzi §cian 001 i 010 oraz $ladem plaszezyzny L 010. Pow. X&8D

Fot. 3. Krysztal halitu (probka 2) o zonalnoSci [|001. oy — kat miedzy §ladem krawedzi
001 i 010 oraz §ladem plaszczyzny 1 010. Pow. X 10

Fot. 4. Krysztal halitu (probka 3) zawierajacy w zonach |[o01 mineraty trudno roz-
puszczalne w wodzie. Pow. X 35

Fot. 5. Obrazy elektronowe (topograficzny i absorpeyjny) oraz rozmieszczenia Po-

wierzchniowego Si, Na, C i Ca w ziarnach mineratow terygenicznych wyste-
pujacych w krysztale halitu. Probka 3. Obszar 1. Pow. X125

Fot. 6. Obrazy elektronowe (topograficzny i absorpcyjny) oraz powierzchniowego roz-
mieszczenia C, Na, Ca i S w pyiku ro$linnym wystepujagcym w krysztale ha-
litu. Probka 3. Obszar 2. Pow. X 125

Fot. 7. Obrazy elektronowe (topograficzny i absorpeyjny) oraz powierzchniowego
rozmieszczenia C, Na, Ca i S w krysztatach anhydrytu tkwigcych w krysztale
halitu. Probka 3. Obszar 3. Pow. X 125

Mayeil ITABJHKOBCKH, 9sa KCEH)KEK

O HEKOTOPOM THUIIE KPUCTAJIJOB FAJIUTA U3 BEJUYKH
Pesiome

[IpeaMeToM HCCIe0BAHNUS GpuIH WAHOMOP(HBIE KPHCTAJNIBI rajuTa 13 Me-
cropox/iennsi Bennuka, xapakrepusylougecs: 30HaJIbHbIM crpoenuem. [1o
IPHCYTCBHIO TeppHreHHoro # XHMHUECKOTO MaTepHajia, CKOMJSIOmerocst Ha
ITOCKOCTSIX MapajuIebHeix 001, MOXKHO Npeinosarars, yTo KpHCTalIbl 06pa-
30BAJACH HA JIHE SBANOPATOBOTO OacceiHa. OmnpeseseH MEHEPaJIOrHUeCKHI
xapakTep OGJOMOYHOTO M XHMHHUECKOro MaTepuana, 06pasyiomero mpHMech
B KpHCTaJJIax rajluTa, a TaKke ONpe/1eJIeHbl HATpaBJIEHUST M CKOPOCTH POCTa
5THX KPHCTAJIIOB.

OBbJICHEHUS K ®PUTYPAM

®ur. 1. UK-cnekTp MNOrJOMEeHHs
2 e y‘h’lCTKH Kp“CT&lJIJla rajura (()GI)ZI\CU, l) co ('JIH(’)O l)l)l])}]‘l}\'Cl“lhl.’\l 30HaJbHBIM C'I’DOCIIHCMv
b — yuacTKM KpHCTajja rajura (o6paser; 1) ¢ OTUECTIHBBIM 30HAJNBHBIM CTPOCHHEM

dur. 2. Pentrenosckas audpakTorpamMmma MaTepHana, W3BJICUEHHOro 13 Kpucraiid rajnuTa
(o6pasen 3)

dur.’ 3. Tpaduku wamenennit conepxanus Al, K, Ca na mukpoyuactke 1 KpHcTauia raanTa
(o6pasert 3)

dur. 4. I'padukn H3aMeHennii conepxanng Na Ha MHKpOydacTKe 2 KpHCTaLIa ranura
(o6paszer 3)

OBBIACHEHUA K GOTOCHUMKAM

®oro 1. Yemyiika TAMHHCTOrO MHUHEpala, 1o CBONM MOPdOJIOrHIECKHM TpH3HAKAM HANOMHU-
Halollas XJOpHT, Paclojiaraiolasncsi Ha mIoCKOCTH pocta 001 Kpucrajna ranura.
O6paselr 1. DeKTPOHHbIA MHKPOCKOT! Tecna BS 613. Ysen. X 14 000
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Poro 2. Kpucrana raaura (obpaser 1) ¢ sonanbnocrsio || 001

@y — YTOJ Mexjy ciaenom pebpa rpaueit 001 w 010 u

i - caeoM miuockocetu | 010, Yge. s a5

D f ] 5 , ¥Beq. X 3

boro 3. l\])(uc(m{m' rajura (o6pasen, 2) ¢ 3onambHocThio || 001. 05 — yroa memay c 5
pebpa rpaneit 001 w 010 u caelOM IIIOCKOCTH L 010. Ysen. X 10 i bbb

® CTall (£ ¢ azell - O] o
poro. 4. Kpucraaa ranura (o6paseit 3), cosepxkaunit B 3onax |00/ munepanpt Tpyino pac

TBOpUMblE B Bojle. YBes. X 35
G ;
boro 5. ‘?OJ:%KT)])‘OC}TIII(I)MC 1300pazKeHus: (ronorpaguueckoe u MOMVIOUIEHHs) H BH MOBEPXHOCT
pacnonoxkennst Si, Na, C u Ca B 3epHax TeppHreHHBIX MHUHEPAIIOB, COMeHK
muxesi B raaute. O6pasen 3. Yuacrok 1. ¥Ysem X 125 s s
[ PiEs 300paz .
Dboto 6. ?lgﬁg?qocﬂriloue u_;oopd(,:Kci\l;m éTonorpmbnquKoc U TOTVIOIIEHHS) I BHA MOBEPXHOCT
acnonoxkennst C, Na, Ca u S B pacTuTe/IbHO¥ ameics 1 :
1 I a, f TIBIIBIE, COMLepIKe <
cramie raaura. O6pasen 3. Yuacrox 2. Ysea. X 125 e e
5 :
doro 7. 2SCI(TP’OHIINC n3obpazkenust (Tonorpaguueckoe H MOMNIOUIEHHs) H BHJL [OBEPXHOCT-
ro pacnosioxkenust C, Na, Ca u S B KpuCTa/Iax aHrHAPHTE, 3aKIOUCHHBIX B KPH-
craiie raaura. O6pasen 3. Yuactox 3. Ypea. X 125 ;
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ral with the morphological features similar to those of

Phot. 1. A flake of clay mine
of halite crystal. Sample 1. Tesla BS 613 electron

chlorite, appearing on 001 face

microscope. Magn. X 14 000
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PLATE IIIL
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Phot. 4. Halite crystal (sample 3) containing sparingly water-soluble minerals in the
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Sample 3. Microarea 9. Magn. X 125
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Pﬁﬁ"f. Topographic 'and absorption electron images and X-ray scanning images
showing the distribution of C, Na, Ca, S in anhydrite crystals embedded in halite

crystal. Sample 3. Microarea 3. Magn. X 125
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