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Abstract. Among the formerly described variscite specimens from Wisniow-
ka (Swietokrzyskie Mts.) small differences in the chemical and optical properties
were detected in the two variously shaped and coloured varieties. Unfortunately,
after examinations by X-ray powder methods this statement was not confirmed. At
present, X-ray diffraction and infrared absorption spectra obtained from the new
specimens permitted identification of two well discernable polymorphs of Lucin-
and Messbach-type variscites. Both varieties were found together in spherules having
internal parts occupied by Messbach- and external — by Lucin-type variscite. This
phenomenon judging from the available sources is extremely rare in the nature,
though similar physically to frequent co-occurrence of chalcedony and quartz.

INTRODUCTION

In the course of the optical and chemical determinations of variscite
specimens from Wiéniowka Quarry (Swietokrzyskie Mts.) performed by
Gucwa, Pelczar and Wieser (1960) two kinds of this mineral were dis-
cerned. Both occur, as a rule, together in the form of spherules. One of
the varieties, microcrystalline-fibrous, of white colour, occupies the inner
part of the spherule. Another one, phanerocrystalline—prismatic, of light
apple-green colour, builds outer zone or crust of the spherule, taking the
shape of radiating rods. White variety is chemically richer in ferric oxide
(10,69 per cent) though the goethite films on cleavage surfaces are respon-
sible for the bulk of the Fe,O; content. Another distinguishing mark is
a little lower maximum refractive index (ny = 1,590). The green variety,
on the other hand, revealed the following indices of refraction: ny = 1,993,
ng = 1,587, na = 1,567. The Fe,0O; content being smaller and equaling

4,03 per cent (by weight) only.

* Carpathian Division, Geological Institute, Cracow (Krakow, ul. Skrzatow 1).
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The more recent studies of minerals of variscite group, esApeciAally those
carried out by Cech and Slansky (1965) facilitated the distinction Qf the
two kinds of variscites, called now Lucin- and Messbach-types. This un-
doubtedly large attainment was further revised by infrared absorption
spectra studies of the same varieties executed by the same authors three
years later. Still later, Salvador and Fayos (1972) not only confirmed the
existence of two mentioned polymorphic species of variscites but also
elucitated the structural dependences, including those resulted from the
appearance of two kinds of water molecules. Moreover, they pointed out
the metastable crystalline state of Messbach-type variscite.

Other main object of this paper is also to clarify the genetic relations
of strictly coexisting varieties of variscite. This phenomenon is extremely
rare in nature, though common of Wisniowka.

X-RAY DIFFRACTION ANALYSIS

The recently examined material comprised the heretofore and now
available samples of variscite from Wisniowka quarry of Middle Cambrian
quartzites. To the formerly observed sequence: chalcedony -f goethite,
quartz - dickite, and variscite - goethite a new member, namely wavel-
lite should be added, which with illite and the second generation of dickite
infills interspaces between variscite spherules. Wavellite appears in the
shape of long prismatic, subhedral crystals and exhibits interplanar spa-
cings typical for this mineral (8,42 A: 5,64 A; 4,75 A, a.0.).

Variscite spherules (see Photography 1 and 2) composed of white inte-
riors and green overcrusts were adequately crushed and possibly precisely
separated. Analyzed with the Rigaku-Denki-type diffractometer (using
CuK, radiation and Ni-filter) conspicuous X-ray spectra has been re-
vealed, especially but in green (Lucin-type) variety. The small quartz
impurities, in addition to NaF used as an internal standard, facilitated
measuring of lattice spacings. The full list of observed spacings and in-
tesities of reflections of both Wisniéwka variscite varieties, as well as, of
indices and calculated spacings reported by Salvador and Fayos (1972), are
presented in Table 1.

The tabulated data, diagrammatically shown in Figure 1, correspond
well to relatively pure Lucin- (green = VL) and Messbach-type (white =
= VM) polymorphs. As leading marks for Messbach-type may serve spa-
cings with 2 © = 12,8° (6,41 A); 20,15° (4,406 A); 32,7° (2,740 A) and for
Lucin-type with 2 ©® = 18,1° (4,903 A), a.o. Confronting the former X-ray
D.S.H.-powder data for variscite from Wisniowka obtained by Kubisz
(Gucwa et al. 1960, p. 41) with here demonstrated results it may be infer-
red, that the formerly disponible material was composed in prcfmndcrance
of Lucin-type variety. This conclusion may also be established taking into
account the reported (op. cit., p. 42) DT A-curve of variscite from Wisniow-
ka. In full agreement with features of this curve thermographic data pre-

sented by Cech and Slansky (1965) indicate the Lucin-type as responsible
for peculiar thermal effects. The double endothermic peaks approaching
to extremal values at 190°C and at 230°C seem to be characteristic only
for Lucin-type variscite and differs evidently in respect to single peak
for Messbach-type, culminating already at180°C.
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Table 1

X-ray diffraction data for Lucin- and Messbach-type variscites from Wisniéwka
(indices and d calculated after Salvador and Fayos, 1972)

»Lgcﬁin-type Lhsain S s __7vMessbach-type
hkl decaler | d obs. I hilcl d calc. dobs: I
il 5.358 5.356 68 (05194, bl 6,413* 6,410 8
200 4,903 4,908 14 112 5,385 5,382 60
020 4,810 4,806 36 020 4,831 4,829 35
002, 201 4,257* 4,26%* 90 1138210 4,404* 4,406 25
Q12582141 3,910% 3,908 &l 004, 202 4,288* 4,288 100
112 3,632 3,631 20 014 3,924 3,925 18
220 3,435 3,434 4 212 3,918 3,918 22
202 31225 3,225 16 122 3,874 3,875 4
022, 221 3,188* 3,190 14 203 3,743 3,744 10
122 3,040 3,042 100 114 3,647 3,648 15,
311 2,913 2,913 60 123, 220 3,459* 3,458 20
131 2,871 2,874 46 024, 222 342105 3,210 10
? s 2,673 4 115, 214 3,076* 3,075 5
113 2,635 2,635 27 124 3,052 3,051 28
321 2,579 2,580 14 312 2,933 2,925 13
032, 231 2,566* 2,568 12 132 2,884 2,882 11
132 2,483 2,483 26 313 2,740 2,740 12
203 2,466 2,468** 5 125, 224 2,692* 2,690 20
400 2,454 2,454** 14 116 2,644 2,644 12
ONIES 2,389 2.388 8 322 2,597 2,597 7
123 2,381 2,382 9 206, 400 2,478* 2,475 19
401 2,359 2,359 4 401 2,448 2,450 8
140 2,336 98385 20 ? — 2,407 10
411, 332 2,291 2,292 7 035, 140 2,349* 2,347 5
232 2,274 2,276%% 8 042, 141 2,325*% 2,325 8
331 2,212 2,214 3 117, 315 2,312* 2,311 5
223 2,195 2,196 3 135, 331 2,283* 2,284 6
240 2,160 2,160 4 413 2,209 2,211 3
004 2,140 2,140 15 226, 207 2:203% 2,201 4
313, 042 2,098* 2,098 2 143, 240 DRl Pralaf 2
241 2,094 2,095 3 008 2,147 2,147 28
133 2,083 2,084 20 1217, 333 2,136 2,136 5
142 2,050 2,052 8 235 2,121 2,123 2
333 2,019 2,020 9 136 2,090 2,092 4
323, 204 1,963 1,962 16 243, 334 2,029 2,031 6

* One (nearest) of two values.
** Coincidence with quartz.

The introduction of such inconvenient terms as Lucin- or Messbach-
-type variscites is justificated from historical reasons as was already em-
phasized by Cech and Slansky (1965). These and other. w.rltgers have com-
mented upon the remarkable lack of unanimity and d1.s'c1p1me in the ap-
plied nomenclature of polymorphs with the composition Al_PO4-2HzO.
Small differences in the physical and chemical properties were interpreted
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as an evidence for existence of various minerals named sepgrately as:
peganite, tangeite, redondite, utahlite, lucinite a.s.o., In addition to ‘Fhe
widely adopted names as variscite and clinovariscite or mgtavamsmte.
While the last mentioned terms as based on distinct dlmorphlsm (ortho-
rhombic and monoclinic symmetry) must be preserved, the previous ones
should be discarded as superfluous.
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Fig. 1. Diagrammatic illustration of the X-ray spacings and reflection intensities for
Messbach (VM)- and Lucin (VL)-types of variscites from Wisniowka Quarry

Salvador and Fayos (1972) concluded finally that the duplication of
unit cell dimensions along ¢ axis, deduced from X-ray patterns of Lucin-
-type variscite, is the only possible way allowing a complete indexing of
Messbach-type variscite. If so, the structural criteria should be taken as
a base for nomenclature as was done for mica polymorphs and the incon-
venient, long terms could be replaced by simple, short ones.

Further informations regarding internal structure of variscites supply
infrared absorption spectra.

INFRARED SPECTROPHOTOMETRIC ANALYSIS

The infrared absorption spectra were recorded with C. Zeiss UR-10
IR-spectrophotometer on the separated samples of Messbach- and Lucin-
-types of Wisniowka variscite. Figure 2 shows the curve runs of absorption
spectra in the selected ranges limited by 400 and 3800 cm~! frequencies.
The smoothed run of curve for Messbach-type variscite (VM) is very
striking and the divergence could be ascribed to the smaller degree of
crystallinity. If a comparison could be given, then the relation between
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VM and VL is similar to that demonstrated by chalcedony and quartz
respectively. ‘

Both VL and VM varieties exhibit strong absorbancy extrema in neigh-
bourhood of 1070, 930, and 650 cm~1. These are due to stretching and
bending vibrations of tetrahedral PO,*~-ions. The interference caused by
rotation and translation movements of water molecules hindered the
assignment of effects to the corresponding vibration modes. Relative to

N VM
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Fig. 2. The infrared absorption spectra of Messbach (VM)- and Lucin (VL)-type va-
riscites from Wi$niéwka quarry

the v; vibrational modes of the PO,*~-ions are three bands at 1150, 1070,
and 1040 cm~?, well discernable in VL. In VM three bands at 1145, 1070,
and 1050 cm—! are less accentuated (especially the splitting producing the
last mentioned two peaks) what disagrees with the distinction of only two
at 1145 and 1050 cm~—! or at 1140 and 1060 cm~! bands by Salvador and
Fayos (1972) or Cech and Slansky (1968), respectively. This phenomenon,
similarly to the presence of two bands at 905 and 935 cm~! assignable
to v; modes im VM (in VL only one band at 935 cm~1) may be interpreted
by advancing recrystalization process of VM to VL. The 935 cm~! peak
in VM was not observed by Salvador and Fayos (1972).

In the region of 3580 and 3100 cm~' frequencies the recorded bands
are results of hydrogen bonds of different energy. It must be pointed out
that especially those of VM appertainance are less marked than in va-
riscites from Zamora (Spain), investigated by Salvador and Fayos (1972)
which gave the full interpretation. The mentioned authors explain also
two wide bands at about 1630 and 1570 cm~! in the region of water mo-
lecule deformations. They infer the existence of two different types of
water molecules, W, and W,, explaining in this manner appearance of
two endothermic effects near 190 and 230°C. Furthermore, the relative
intensity of the bands at 3580 and near 1570 cm~! is lower in VM than
in VL spectrum. This is supposed to be the consequence of the lower con-
tent of W, water-type in the VM lattice (W;:W,=1:1 for VL against
3:1 for VM). Water molecules of W, type, attributed to 1630 cm~! band,
should be bonded to the lattice through two hydrogen atoms while mo-
lecules of W, type possess one link only.

» 19

L




GENETIC RELATIONS

The persistence of occurrence of the Messbach- and Lucin-type va-
riscites in the sequence visible on Photographs 1 and 2 is noteworthy. It
may be easily attributed to only possible order of crystallization, begin-
ning with the fast growing, microcrystalline-fibrous Messbach-type va-
riety and ending with slow crystallizing, phanerocrystalline—prismatic
Lucin-type variety. Similar succession is observed in chalcedony and
quartz deposition order of hydrothermal veins. This principally depends
upon the state of saturation (concentration) of solutions with precipita-
ting ions or sols. The analogy should be more pronounced if we took into
account small differences in the structural properties of both mineral
pairs.

The very suggestive interpretation of these differences in the case of
variscite polymorphs was given by Salvador and Fayos (1972). They re-
gard the Messbach-type variscite unit cell as a kind of superstructure with
doubled length along the ¢ axis in comparison with Lucin-type cell. The
last named variety has also another (equal) proportion of differently
bonded to the structure water molecules. Further, the mentioned writers
remark the cryptocrystalline development of Messbach-type variscite
aggregates and metastable state of this polymorph.

It is difficult to envisage the genetic relations of described variscite
polymorphs from only structural standpoint. Their nature and quantita-
tive proportions might vary considerably depending upon both the che-
mical composition of the solutions and the physical conditions under
which the precipitation took place.

None of the true hydrothermal minerals was found in association with
variscites in Wisniowka quarry, as well as, elsewhere. Dickite is rather
bounded with epigenetic alterations caused by acid solutions feebly heated
geothermally (by deep burial). As remarked above the assemblages: chal-
cedony -+ goethite, quartz -+ dickite (D), variscite -I- goethite, dickite (IT)
- wavellite -t illite found in crevices and voids of quartzites in Wisniow-
ka Quarry constitute a well discernable sequence. It begins with chalce-
dony sometimes with goethite, which like quartz from the second assemb-
lage could be deposited from oxidizing and weakly alkaline to neutral
solutions. They become even acid, what proves the transformation of kao-
linite to dickite or neocrystallization of dickite of first generation. The
activity of acid solutions favored dissolution of phosphate minerals, like
apatite, noted by Morawiecki (1928) as component of heavy mineral frac-
tion in host rocks (Middle Cambrian quartzites). Furthermore, nearly in
all Cambrian sediments the fossils are enriched in calcium phosphate.

Mobilized PO,-ion was deposited after neutralization of solutions in
the form of variscite, which usually together with goethite constituted
the third assemblage. In the next assemblage symptoms of renewed aci-
dification of solutions (from ground waters, compare illite illuvial pollu-
tion) are revealed by appearance of dickite of second generation. After
neutralization, from the more diluted solution wavellite was growing (in
place of variscite) as more suited to the changed conditions.
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GENERAL REMARKS

The Wiéniéwka variscite occurrence confirms the existence of two
orthomorphic polymorphs. They may occur together with astonishing re-
gularity of sequence. The Messbach-type variscite, like chalcedony, was
deposited from more concentrated solution than his counterpart — Lucin-
-type variscite; this, like quartz after chalcedony, might be also the pro-
duct of recrystallization of Messbach-type variscite.

It is proposed to replace now used names of variscite polymorphs. They
fulfilled well its task of unification and common understanding of nomen-
clature. As the next step, the names Messbach- and Lucin-type variscite
should be discarded at the cost of more convenient, short terms, based on
structural features. Similarly to micas structural classification the varis-
cite group minerals could be called as follows: Messbach-type variscite =
— 9 O variscite, Lucin-type variscite = 1 O variscite and clinovariscite
(metavariscite) = 1 M variscite.
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Tadeusz WIESER

WARYSCYTY TYPU LUCIN I MESSBACH Z WISNIOWKI
(G. SWIETOKRZYSKIE)

Streszczenie

Waryscyty znajdowane w szczelinach i prozniach kwarcytéw Vérodko—
wokambryjskich w kamieniotomie Wisniowka (Gory Swietokrzyskie) two-
rzq sferule zbudowane z dwu polimorfonow rombowych. Wewnetrzne par-
tie sferul zajmuja mikrokrystaliczny, wléknisty waryscyt typu _Messbach
a zewnetrzne — stupkowy waryscyt typu Lucin. Wykazaly to dyiraktogra—
my rentgenowskie i spektrogramy absorpcyjne w po@czerw1en1. Odmiana
typu Lucin krystalizowata wolniej z bard21e] ;ozc1enczonych roztworow
i jest po czesci produktem rekrystalizacji odmiany typu Messbach. Roz-
twory zasobne w aniony POy pochodzg zapewne Zz rozpuszczenia apatytu,
sktadnika akcesorycznego kwarcytow srodkowokambry jskich (Morawiec-
ki 1928) lub skamienialosci kambryjskich i in. wzbogaco,n’yc}} w fosforan
wapnia. Lugowanie ultatwial kwasny odezyn (por. obecnos¢ dickitu) a wy-
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padaniu waryscytu sprzyjata neutralizacja roztworow. 7 roztworoéw bar-
dzo rozcienczonych wodami gruntowymi osadzal sie natomiast bardziej
uwodniony wavellit.

Autor proponuje zastapi¢ dotychczasowe niewygodne terminy dla mi-
neraléw grupy waryscytu, jak: waryscyt typu Messbach, typu Lucin i kli:
nowaryscyt (metawaryscyt) przez nazwy bardziej zwiezte, wzorowane na
nazewnictwie mik, jak: 2 O waryscyt, 1 O waryscyt i 1 M waryscyt.

OBJASNIENIA FIGUR

Fig. 1. Diagram ilgstrujacy odstepy miedzyplaszezyznowe intensywno$ci refleksow
u waryscytéw typu Messbach (VM) i Lucin (VL) z kamieniotomu Wi$niéwka

Fig. 2. Widma absorpcyjne w podczerwieni warysc i
V C ytow typu Messbach (VM -
cin (VL) z kamieniolomu Wisniéwka i ( i

OBJASNIENTA FOTOGRAFII

Fot. 1. Grupa przenikajacych sie wzajemnie sferul ztozo Z
] ) : nych z waryscytu typu Mess-
bach i Lucin, wystepujacych w kamieniotomie Wisniéwka. Delikatng w}(’)kga
waryscytu typu Messbach tatwo wypadajg z wnetrz sferul. Pow. X 12

Fot. 2. Przekr6j pojedynczej sferuli warysc j i
TZ¢ ytu pokazujgcy budowe i stosunek sku-
pien krysztatow warysqytu widknistego typu Messbach (partie wewnetrszl;llé)
do stupkowego typu Lucin (partie zewnetrzne). Pow. X 27

Tadeyw BH3EP

BAPHUCILLUTDI JIOCUHCKOTO U MECCBAXCKOT
O TUN
KAPbEPA BUCbHIOBKA (CBEHTOKLIMCKHWE FOPIS)B "

Pesome

CK”Bapncum’m, HaOJ/I0/laBIIMECs] B TPEIUIHHAX M TIyCTOTAX B CPeAHEeKeMOpHuii-
;. ﬁl)xnaépunrax, obHaxalomuxcsd B Kapbepe Bucbniopka (CBeHTOKIIMCKHE
n pei), 06pasyioT cheposuTOBEIe (POPMBI, COCTOSIIHE U3 ABYX POMOHUECKIIX
ONMMOP@HBIX KOMNOHEHTOB. BHyTpenmion uacth o6pasobamuil sannMaet
MUKPOKPHCTANIHIECKUH, BOJOKHUCTBIA BaPUCIUT MeccOaXCKOro THIA, 4 B‘HG
Lli;];i)i}fOng CJIOMKEeHB! 1eCTOBATHIM BAPHCUHTOM JIOCHHCKOrO THna. Takoe
ue OLIIO ONpeeseHo C MOMOIIBIO P !
EHTTEeHOBCKHX JH(PPAKTOrp?

. J orpamMmm
I;IaIJ(mcr:;:Tpoa noryomweHust. PasHoBHIHOCTh JMIOCHHCKOTO szmcgprHCTngnsraPf
i n}meunee M3 MeHee KOHIEHTPHPOBAHHBIX PACTBOPOB M YACTHUHO y1Bi-
e POAYKTOM NEPEKPUCTAIU3AINI MeccOAXCKON Pa3HOBHIHOCTH P/ac
THTI; . Oel'aTbIe annonamu PO, BO3HHK/IM OYEBHIHO 34 cyer pacmopeum‘{ amna-
] KpB npc'rasnengvr‘o B BHJIC aKIIECCOPHOTO KOMIIOHEHTA B CpefiHeKeMOpHit

apuurax opaBenku 1928) i

, WIH KeMOPHACKHX OK i

o a e

gnlépc)zgvcl;(;fpasosaﬂnn, o6oratuennbix Gocharom Kal.)anHﬂ Bumeﬁﬁﬁiﬁﬁﬁg
Ja Kucaaa cpefa (mpuc ;

p (npucyrcerpue JIMKKHTA), a BbIafieHHe Bapuc-
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1[MTa TPOMCXOAKJIO NPH HEATPATU3ALUH PACTBOPOB. [Tocie pasbaBiaeHus pac-
TBOPOB TPYHTOBBIMU BOJAMH OCAXK[AJICs BABEJJIHT.

ABTOp TpeIaraer 3aMeHuTh Hey00Hble TePMUHBI /LI MHHEpaJIoB rpyl-
1Bl BApUCIUTA (BAPHCUHT MeCCOaXCKOro THNA, JIOCHHOCKOTO THIa H K/IHHO-
BapHCIMT — MeTaBapucLuT) GoJiee CXKATHIMU HA3BAHUSMHY, TO npumMepe Has-
sanuit cmon: 2 O apucuut, 1 O Bapucunr n 1 M Bapucuur.

OBbSICHEHUS K ®UTYPAM

Gur. 1. Jlnarpamma, n3obpaxaiouias MEZKIIJIOCKOCTHBIE PACCTOAHMS 1 HHTEHCHBHOCTD pep-
JIKCOB BAPHCILUTOB MeCccOaXCKOro Tuna (VM) u JMIOCHHCKOTO THIA (VL) us xapbe-
pa BucbHioBKa

dur, 2. UK-crekTpbl NOIJIOUEHHS BAPUCIHTOB Mecc6axckoro thna (VM) m JIOCHHCKOro TH-
na (VL) u3 Kapbepa BHCbHIOBKA

OBBYICHEHHUS K ®OTOCHUIMKAM

®oro 1. [pynna B3aHMHO MPOHH3bIBAIOLIHXCI cepoiuTOBBIX (OPM BAPHCIHTOB MeccOaxCcKo-
IO 1 JIOCHHCKOrO THIOB, HaG/IIOAAIOMHXCST B Kapbepe BucbHioBKa. HexHbie BOJIOKHA
BapHci(uTa MeccOaxcKoro THIa GbiCTPO BBLIMALAIOT 3 C(HEpONHTOBBIX dopm. Ysed.
X 12

doro 2. Paspes OT/eIbHOM cdpepostuToBoit  (popMbl  BAPHCLHTA, [I0Ka3bIBAIOLLHI CTpOeNHe
1 COOTHOLIEHHE BOJIOKHUCTOrO MeccOaxcKoro Tima (BHYTpEHHSIA 4acTh) C LIECTOBA-
ThIM JIOCHHCKHM THIIOM (BHELIHHE yacTH) B CKOIVIEHHH KPHCTa/lIOB BapHCLHTA.

Yeea. X 27
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Phot:els A group of in'terpenetrating spherules composed of Messbach- and Lucin-
-type var1scxt}c, oceurring in Wiéniowka quarry. Delicate fibers of Messbach-type
variscite easily fall out the interior of spherules. Enlarged X 12

¥ A
£y

Phot. 2. Cross-section of a single variscite spherule showing the structure and re-
lation of fibrous Messbach-type (interior part) to prismatic Lucin-type (outer part)
crystal aggregates of variscite. Enlarged X 27

Tadeusz WIESER — The Lucin- and Messbach-type variscites from Wisniowka

(Swietokrzyskie Mts.)



