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Abstract. Calcite amygdales dispersed in a melabasalt forming olistholitic block in the Jar-
muta Conglomerate (Senonian) of Pieniny Klippen mantle are sometimes lined by small crystals
of harmotome and occasional pyrite. Intensively salmon-red to flesh-red coloured zeolite appears
as simple twins of morvenite type, as well as fourlings of the Marburg type. On account of restric-
ted quantity of material only X-ray diffractometric, infrared spectroscopic and optical examinations
were executed. Together with specific gravity determinations they indicate the appurtenance to
Ba-rich member of the phillipsite-harmotome isomorphous series. Much discussed in the literature
relation between the variability of the refractive indices and chemical composition of members of
this series seems to be more influenced by the extent of Si substitution by Al ions than by the con-
tent of large cations, like K, Ba, Sr, per unit cell.

INTRODUCTION

In accordance with the most frequently reported mode of occurrence the recently
examined harmotome appears in partly hydrothermally altered melanocratic basalt,
known until yet as basalt (Kamiefiski 1931), constituting submarine effusions asso-
ciated with their hyaloclastites.

Basaltic rocks were also announced by Traube (1888) as parental for two harmo-
tome occurrences in Sudeten Mountains. However, identity with this zeolite is
doubtful. For instance, such conclusion was attained by Thugutt (1947) in the case
of a phillipsite found in Karkonosze Mts basalt, erroneously determined as harmo-
tome. Another mode of harmotome provenance in recent Poland’s area is genetically
connected with silver-cobalt-nickel hydrothermal ore formation. The only known
found place is that cited by Traube (1888) and Thugutt (1947) from Frydery-
ka-Juliana Mine near Miedziana Goéra, in Sudeten Mountains.

The last mentioned writer, acknowledged international authority in the chemistry
of zeolite defines and explains (op. cit.) the similarity of the chemical composition
and structure of harmotome and phillipsite, as well as their provenance. For the
first mineral as the most probable source he recognized K-feldspars and for the
second one — mnepheline. Noteworthy is also the microchemical and optical
procedure elaborated by Thugutt and Woyno [(1925a, b) for fast identification
of phillipsite-harmotome solid solution series minerals.
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If the amount of available material is limited the best now disponible and generally
used method is based on the X-ray diffraction patterns. However, it requires high
precision of measurements, to avoid possible mistakes, one of which will later be
discussed. Another, seemingly obsolete but in reality simple, fast and in this case
infallible procedure of distinction of Ba-rich members of phillipsite-harmotome
series remains the specific gravity determination. Obtained data, likewise X-ray
data, allow to estimate the approximate content of heavy and large cations.

ENVIRONMENTAL CONDITIONS OF OCCURRENCE

Available data regarding geological modes of occurrence of until now examined
harmotome mineralizations let imply, independently of needed element concentra-
tions, the importance of elevated temperature in aqueous solutions. This may be
deduced from specific environmental features accompanying infilling with precipi-
tation products of voids and fissures in the cooling volcanite, pegmatite and hydro-
thermal ore bodies. The following analysis of environmental conditions which domi-
nated during the formation of here recorded harmotome (+ pyrite) in form of
linings covering walls of voids and fissures in the Biala Woda Gorge melabasalt
yields another evidence of the elevated temperature significance in harmotome
generation.

The voids, now amygdales filled predominantly by calcite, abound there parti-
cularly in the peripheral top parties of submarine lava flow. To the acceptance
of submarine environmental conditions, besides shape and size of voids inclines
co-occurrence of hyaloclastites with calcite matrix and specific type of glass and
mafite crystals alteration, namely: smectitization, chloritization and carbonatization.
The local concentration of volatiles, especially of water, mainly sea water assimilated
from surroundings chiefly in the later stages of magma cooling, conduced to resur-
gent boiling. This process was responsible for the formation of voids (vesiculation)
and for far-reaching transformations in their nearest vicinity. This way generated
aureoles are well expressed by: 1-o — remarkable augmentation of crystal size,
2-0 — retardation of glass alteration processes through its hydratation, 3-0 —
lack‘of_ smaller microliths due to decreased viscosity forcing crystal growth but
restricting nucleation, 4-0 appearance of Fe®* — and Ti-rich augites, lamprobolites
and blOtlteS,'S-O — concentration of phosphorus in form of apatite.

: The way in which these factors agitated may be elucidated only by involving the
water emxchment of magma and abundance of incompatible elements (Be i P
a.0.) during crystallization of the last magma portions, preceding and accoml,aan},/iné
resurgent boiling. This process taking place only at defined p-t conditions in top
parties of lava body is connected with heat loss and increase of pneumostatic pressu-
%o In the same time the released vapors cause vesiculation of magma, The rised
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after iron bisulphide precipitation appeared harmotome crystals, followed later
by calcite accumulations. This might, at last, be accomplished from solutions having
temperature insignificantly differing or not differing that dominating in surroun-
dings. This same calcite generation constitutes the matrix in hyaloclastites accre-
ted to solid lava and forming together the olistholitic block.

MORPHOLOGICAL AND PHYSICAL PROPERTIES

The persistence of occurrence of the same, thick prismatic, slightly flattened habit
of crystals and specific twinnings in harmotome is a commonplace often emphasized.
The mentioned shape with flattening parallel to {010} or {001} and two kinds of
twinning are own to harmotome crystals found in Biala Woda melabasalt. The
size of twinned, salmon- to flesh-red grains reaches up to nearly 1 mm. in length.
Noteworthy is the fact, that euhedral development of crystal boundaries, twinning
sutures and combination striations can be detected on each grain; although no
examples of re-entrant angles were disclosed. Judging from the values for interfacial

. angles, the presence of characteristic striae parallel to the edges between {710}

and {010} (see Fig. 1b) and twin suture running parallel to {001}, the most frequent
twin variety form simple, pseudo-orthorhombic penetration twins after the so-
_called morvenite law. Much more rarely observed are multiple pseudotetragonal
twins—fourlings after Marburg law. They show (Fig. la) only striated faces of
{110} and {010} simple forms and additional sutures — intersections of composition
surfaces close to the {011} simple form orientation.

Fig. 1. Idealized image of a penetration twin,
fourling of the Marburg type (a), deprived of re-
-entrant angles and showing pseudotetragonal
symmetry. It is less common among Biala Wo-
da harmotomes than the morvenite type pene-
tration twin (b), of pseudo-orthorhombic sym-
! metry

The optical properties determined using universal stage techniques, mainly on
cleavage flakes parallel to {010}, may be summarized, as follows: n, = 1.512—1.513+
+0.001; n,=1.509—1.510;  n,=1.506—1.507; n,—n,= 0.006+0.001; 2V, =
=3R48 lig-lon/al—I6 38R,

The specific gravity of examined harmotome, measured in the mixture of benzene
and bromoform, equals 2.465+0.005 g/cm?®. It should be here remarked that in
phillipsites it amounts nearly 2.2, in barium-poor wellsites — from 2.25 to 2.37
and in barium-rich hatmotomes — from 2.41 to 2.49.

The approximate evaluation of barium content may be also obtained from
X-ray diffractometric data in the form of unit cell dimensions; calculated from
imterplanar distances. This more quickly may be accomplished directly, taking into
account only some reflections from the following listed values, selected from one of
the Biata Woda harmotome samples: 1) — djo0, 101 =8.142 A (10), 2) — dpo2,020=
=17.176 (8), 3) — dy2 = 6.402 (10), 4) — do22,200= 5.040 (4), 5) — d03 =4.297 (5),
6) — d.=4.084 (10)urosa> 7) — d212,200=3.898 (3), 8) — dsor, 101 = 3.240 (2),
Nietidoizs o =3NTL (3)s] 10) = dayriar = 80116, B); A1) oy =2918 (2), 12) —
dios, 143=2.738 (4), 13) — d, =2.679 (8)sroaa> 14) — ds23 =2.528 4).
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Fig. 2. Infrared absorption spectra of Biala Woda harmptome (a). apd qf phillipsite (b),
after Harada et al. 1967. Note: dotted line in second case signifies elimination of the absor-
ption bands due to Nujol

Specially variable and hence most indicative for distinction seem to be the follow-
ing reflections: no. 7 (d = 3.87—3.91 A in harmotome and 3.94—3.98 in phillipsite),
no. 11 (2.88—2.92 and 2.93—2.95, respectively), no. 12 (2.71—2.73 and 2.74—2.76,
resp.), no. 14 (2.51—2.528 and 2.534—2.548, resp. while in wellsite = 2.531), as
well as low intensity of the reflection no. 1 in phillipsite. The degree of confidence
resulting from this deduction is sufficient, though smaller than in the density measu-
rements case. Therefore, in described X-ray method of identification high precision
is absolutely needed; otherwise barium-bearing phillipsite may be defined as harmo-
tome, as was done by Morgenstein (1967). The barium content is besides very mutable
from sample to sample. Lately mentioned author correctly concludes that the differen-
ce in the Ba content in phillipsite group authigenic minerals can be attributed to
the difference in the composition of parental, there — palagonitized pyroclastics-
-rich marine sediments.

Some indication concerning chemical composition of phillipsite-harmotome
isomorphous series offer, moreover, infrared absorption spectra. This is illustrated
on the spectrogram (Fig. 2) when comparing spectra for Biata Woda harmotome (a)
and phillipsite (b), reproduced from Harada et al. (1967) work. The band at 1040
em™ ' in harmotome is much better defined than enlarged one in phillipsite. They,
according to Milkey (1960), may develop due to the primarily bond-stretching vibra-
tions of the O—Si—O linkages. He also presumes that the substitution of Al, which
has a smaller mass than Si, would result in higher frequency. Moreover, Harada
et al. (1967) emphasized the spreading toward higher frequencies of absorption
band at 3400 cm™! in the water-stretching region.

.ToA the most discussed in literature problems regarding constitution and its
varlabl'llty‘of phillipsite group minerals appurtains the dependence between the
refractive indices variation and chemical constitution. Hay (1964) found that the
index of refraction of phillipsites decreases with an increase in the Si/Al ratio. For
example, phillipsites having Si/Al ratio less than 2 usually show R.I. oscillating
between 1.48—}.51, whereas those with Si/Al amounting 3 and more — R.I. of
.1.44—.1.4§.=Thlsinference was called into question after Sheppard and Gude (1970)
investigations of deep—spa aL}thige’nic phillipsites. These authors tried without success
to correlate the R.I. with Si/Al ratio. However, they suggest that R.I. seem to be
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affected by the Ba and Na contents. Galli and Loschi Ghittoni (1972) attempted to
make a revision of the last conclusion by correlat{ng ny, ng, gpd ny as well as mean
R.I. with weight per cent of BaO and Na,O w1th9ut positive 'result.

Present author constructed diagram demonstratn}g. the relation between I.nea3n
R.I values and Al and K contents per unit cells comprising 32 oxygen atoms (Fig. )
Plotted available data for phillipsite-harmotome series members with few exceptions
reveal rather well expressed trend in distribution of projection points. Thlsfargl}es
the correctness of formerly implied influence of Si—Al substitution on t_he refractive
indices values. Much less marked is the dependence of these values with changing

potassium contents.
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igni ts as deciding factors for refractivity
e significance of other element conten
powpl;}r1 as ogf natrium and bariumis still disputable. Another element cont;lr)ltt%s1 \r)vcia;e ﬁ\(:in
nsi tium, calcium, iron a.o. may a L noti-
not considered, though such as stron ; , i D e
i hat emission-spectral, semiquanti
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Z?laz;.tl);:is of Biala Woda harmotome disclosed the presence of 0.1 per cent of Sr,
0.1 per cent of Fe, 0.5 per cent of Mg and 3.0 per cent of Ca.
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Tadeusz WIESER

HARMOTOM W MELABAZALCIE Z WAWOZU
BIALA WODA, PIENINY (POLSKA)

Streszczenie

Zblizniaczone krysztaty harmotomu wyscielaja, czasem w towarzystwie pirytu,
migda}y kalcytowe w melabazalcie tworzacym blok olistolitowy w zlepieficu jar-
muckim ostony skatek pieninskich. Czerwonawo zabarwiony, gruboslupkowy har-
motom tworzy proste blizniaki typu morwenitowego, rzadziej wielokrotne, pseudo-
tetragonalne typu Marburg.

Na przynalezno$¢ do harmotomu wskazuja poza cigzarem whasciwym oznaczenia
metodami optycznymi, dyfrakcji rentgenowskiej i absorpcji w podczerwieni. Wiele
dyskutowany zwiazek miedzy zmiennoScia wspotczynnikéw zatamania $wiatta
i sklgde{n chemicznym cztonéw szeregu roztworéw stalych fillipsyt—harmotom
wydaje si¢ by¢ bardziej uzalezniony od stopnia substytucji jonéw Si przez Al anizeli
od zawartoéci duzych lub/i cigzkich kationéw, jak K czy Ba.

Powstaniu hgrmotomu sprzyja podwyzszona temperzitura roztworéw wzboga-
conych w tzw. niezgodne pierwiastki (K, Ba, P i in.), pozostale po wrzeniu resur-
gentnym. T?p ostatni proces nie tylko spowodowat znaczne przeobrazenia w stro-
powych czgsciach podmorskiego, w danym przypadku potoku lawowego, ale i in-
tensywne pqcherzykowanie. Wakuole ostatecznie zapetnit kalcyt tej samej’generacji
o 1 tworzacy spoiwo w hyaloklastytach, wspotwystepujacych z lawa melabazaltows.

OBJASNIENIA FIGUR

Fig. 1. Ideglizowany ob;az blizniaka penetracyjnego,
katow wklgs}ych i 'wykazujacego symetri¢ pseu
harmotoméw z Bialej Wody anizeli typ mor
symetrii

Fig. 2. Widma absorpcyjne w podczerwieni ialej i filli
T ni harmotomu z Bialej Wody (a) i fillipsytu (b),

- cyjnych rz‘powodu nujolu

ig. 3. Zawartosci Al (petne symbole) i K (puste symbole) w komorkach Jjednostkowych (obejmu-

Jacych 32 jony tlenu) wzgledem wspol ik6 ; ’ v,
tow (kwadraty) i fillipsytow (kolay < “12mania harmotomow (tréjkaty), wellsy-

czworaka typu Marburg (a), pozbawionego
dot.etragongl,na}. Jest on mniej pospolity wsrod
wenitowy blizniakow (b) o pseudorombowej

) za Harad
rzerywana w drugim przypadku oznacza usunigcie pasm absorpaE

OBJASNIENIA FOTOGRAFII

Fot. 1. Grupa blizniakéw harmotomu wyseparowana z pecherzyka wypetnionego kalcytem. Jedno
ze zblizniaczonych (wg prawa Marburg) ziarn ukazuje ISniacg $ciane (710), ztozona z dwoch
subindywiduéw. Pow. x 37. Porownaj fig. la

Fot. 2. Orientowany, schodkowy narost na zblizniaczonym (wg prawa morwenitowego) krysztale
harmotomu, czeéciowo wyizolowanego z kalcytowego migdatu. Pow. x 37

Fot. 3. Przekroj (plytka cienka) melabazaltu z wawozu Bialej Wody z pecherzykiem wyscielonym
euhedralnym harmotomem (czarny w $wietle przy skrzyzowanych nikolach) i wypetionym
kalcytem. Pow. x 70

Tadeyw BU3EP

FAPMOTOM B MEJIABA3AJIBTE M3 BAJIKU
BsJIA BOJA, IIbEHUHBI (ITOJIBIIIA)

Pesrome

CBOMHWKOBAHHBIE KPUCTAJUIBI TADMOTOMA BBICTUIAFOT, WHOTAA B COMPOBOX-
JIEHWU TIUPUTA, KaJIbIIMTOBbIE MHUHIAIMHBI B MEJIAHOKPATHYECKOM 0a3aibTe, 0bpa-
3YIOIIMM OJIHCTOJMTOBYIO IJIbIOY B SIPMYIIKOM KOHIJIOMEPATE 0OPAMIIEHHS TTbEHWUH-
cKMX yTecoB. KpacHOBaTOW OKpACKH KpYMHONPU3MATHYECKHH TapMOTOM 0OpasyeT
NPOCThIe IBOWHWUKM MOPBEHHTOBOI'O THIA, PEXKE MHOTOKPATHBIE IICEBIOTETPArO-
HaJIbHBIe TUma MapOypr.

Kpowme ymensbpHOW IMIOTHOCTH, Ha NPHHAMJIEKHOCTH K FapMOTOMY YKa3bIBatOT
onpezeneHus METOAAMM: OTTHYECKHM, PEHTTeHOBCKOM mmbpaxumun u MK-mormo-
1ieHns.. MHoroocnapiBaemMasi CBsi3b MEXAYy M3MEHUYMBOCTBIO MOKA3aTessl MPeoM-
JIEHUS U XMMHUYECKMM COCTABOM YJIEHOB psaa TBEPHBIX PACTBOPOB (WMIIIIMIICHUT —
rapMOTOM KaXeTcsl 6osiee 3aBUCHMOI OT CTENEHM 3aMelleHHs HOHOB Si MOHAMH
Al, yeM coaepkaHMeM KPYMHBIX M (MJIHM) TsDKeJbIX KaTHOHOB, Kak K mmbo Ba.

O6pa3oBaHUIO TAPMOTOMA COZAEHCTBYET TOBBILIEHHAS] TEMIEpaTypa pacTBOPOB,
00OTallIeHHBIX B TaK Ha3biBaemble HecormacHbie amemMenTsl (K, Ba, P u np.), ocrato-
LLIMECS TIOCTIe PE3YPreHTHOr0 KUIEHUSI. DTOT TOCIEIHUNA MPOTIECC HE TOJBKO BBI3BAI
3HAYUTEIIbHBIE TPeoOpa3oBaHUsl B KPOBEJIBHBIX YACTSX MOJAMOPCKOro, B HaHHOM
cllyyae JIaBOBOrO TOTOKA, HO M HMHTEHCHBHOE OOpa3oBaHue my3blpeid. Bakyosm
B KOHEYHOM MTOT€ 3aMOJHMI STOM JKe CaMOM reHepalui KaJblUT, 9TO U 00pasyro-
UMM IIEMEHT B I'MaJIOKJIACTUTAX, COMYyTCTBYIOIIMX Menaba3albTOBOM JiaBe.

OBBSICHEHUSI K ®UT'YPAM

®ur. 1. Vineamm3npoBaHHasi KapTHHA TIEHETPATUBHOIO YeTBEPHOTO BOMHMKA THma MapOypr (a),
JIMIIEHHOTO BOTHYTHIX YIJIOB M OOHAPY)KUBAIOLIErO MCEBAOTETPArOHATBHYIO CHMMETPHIO.
Cpenn rapMoToMoB 13 Bsitoit Bombl OH MeHee pacnpOCTPAaHEH, YeM MOPBEHMTOBBIH THIT
JIBOMHMKOB (b) MCEBAOPOMONYECKON CHMMMETPUU

®ur. 2. MK-cniekTpbl morioueHust rapmotomMa u3 bsoit Boaer (a) u dunnuncura (»), no Xapane
u ap. 1967. TlpuMeyanue: IpepbIBUCTASI TMHUSI BO BTOPOM Cilyyae 0003HaYaeT yaasieHue
MOJIOC MOTJIOLIEHMsI W3-3a MapapuHOBOro macia

®ur. 3. Conepxanus Al (rmonueie cumBosbl) M K (IycThle CMMBOJIBI) B 3JIEMEHTAPHBIX sSYCHKaX
(32 MoHa KMCIOpOJA) MO OTHOLICHHIO K KOY((HMIMEHTaM IpPeIOMIICHUSI rapMOTOMOB
(TpeyroabHUKHM), yJUICHTOB (KBAaApaThl) M (DMILTMICUTOB (KPYXKKH)



®doro 1.

®oro 2.

®oTo 3.

OBBSCHEHMS K ®OTOIPADVISIM

I'pynma IBOMHMKOB IapMOTOMA, BBIIENCHHAS M3 Iy3bIPi BBITIOJTHEHHOTO  KaJIbLUTOM.
OOHO M3 CIABOMHMKOBAaHHBIX 3epeH (IO 3aKOHY Map6ypr) 0GHapyXHBAaeT OJIECTSIIIOI
rpaub (/10), CIIOXEHHYIO M3 IBYX CyOMHAMBHIOB. YBel. X 37. CpaBuu ¢ur. la
OpWMEHTHPOBAHHBIH CTYIEHYaThli HAPOCT HA CABOWHMKOBAHHOM (M0 MOpPBEHUTOBOMY
3aKOHy) KPHCTaJlle TapMOTOMA, YaCTHYHO BBIJCIECHHOMY M3 KaJIbIATOBONX MWHIAJTHHBIL.
Vpen: . %37 3

Paspe3 (mpo3pavsbiit uumd) mMenabasanpra U3 6aiku Bsina Boja ¢ my3bIpeM, BBICTEIICH-
HBIM HIMOMOP(GHBIM rapMOTOMOM (YEPHBIH, B CKPCLICHHBIX HMKOJISIX) M BBITOJHEHHBIM
KaJbUToM. YBen. X 70
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Tadeusz WIESER — Harmotome in melabasalt from Biata Woda Gorge, Pieniny Mountains
(Poland)
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Phot. 1. Group of harmotome twins separated from a calcite-filled vesicle. One of twinned (after
Marburg law) grains shows shining (110) face, composed of two subindividuals. Magn. x 37. Com-
pare Fig. la

Phot. 2. Oriented, stepped overgrowth on the twinned (after morvenite law) harmotome crystal,
partly isolated from calcite amygdale. Magn. x 37

Phot. 3. Section (thin slide) of Biata Woda Gorge melabasalt with a vesicle lined by euhedral harmo-
tome (black under crossed nicols illumination) and filled by calcite. Magn. x 70



