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ABSTRACT: SedimenJlls called the glassy gypsum, buillt of gianlt, u;p Ito 3.5. m high, 
juJdapased skeletail cry-stalls 0iCC'UI' in the Mididile Miocene (Ba4etnia'l1) evapc:riies 
6f . ·southern Poland, the best exporsed' a.long tIhe 'SIOlUIthe!!"Il silopes oil: .the Holy Cross 
Mt..'f, The gypsum crystalls form gi81I1lt iJIltel"growths simillar to Itilie can'tact 1-.01 twins. 
These 8Il'e not the ;true tWiilnis because any· "ClI.'YSf;adlOtg:rajphic symmetry between the 
crystals does not exlist. The interlgrowths ,grew UipWaIl'd on the boI1t1otm of the 
evaporitd:c ~sin in COllJIPetitaan. fOIl' free Ifij)aICie, and rev.ealing lmusuail ske1etaJl 
structures. The ,upper suda~of the giant crystalls is buiit of maII1y ;paraUe1 leIliS
-ehajped subcrytstaLshavilIlgthetir "Sihatrp edges' pOOln)ted obliquely 'llIPwaa-d. Thecil.ay 
impurities, gathered in CiOIlWavdtes of the crystaill'! surface, were inCOl'pOll'at.ed '.3lrWo 
the crY'Sl;ail bodie,s preferent[y alIong the bou:ncl.ar.iJes between the ilens-.sbaiPed . sub
Clry-stailis. The sediJpen1;airy structUil.'leS !in Ithe glJaJSSY-gypsmn layer, ~l!ly 8J~ 
a,nd C()['roded gypsum ,crystals, load sttl\llCt1itres of the arys·tai!s growmg oh. Ithe 
JllItIidJdy bottom, tilnd1caIte aH the synoodimentatry' growth of the giant crystals in the 

glassy gypsum. 

INTRODUCTION 

The growth of large, vertically arranged gypsum crystals on the 
bott-om of the evaporitic basin is one of the mosJ spectacular ~ ways o~ 
gyPsum precipitation in nature. Such crystals, usually · twinned, can 
reach the' great sizes up to 7 m :in height as it is observed in Cyprus 
(SCHREIBER 1978). This variety of gypsum deposits is widely spread 
in the Late Miocene (Messinian) gypsum of the Mediterranean (SCHREI
BER 1978, ORTI CABO & SHEARMAN 1977, SHEARMAN & ORTI CABO 
1978), in the Quaternary sedimentS .of Australian salt lakes and lagoons 
(GOTO 1968, WARREN 1982), and :in the Middle Miocene (Badenian) 
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gypsum deposits of southern Poland as well ,(KREUTZ 1925; RADWAN
SKI 1969, 1985; -BA,BEL 1984). The large Mediterranean and Australian 
gypsum crystals commonly form twins having the 100 face as a · twin 
plane .. ' However, both crystallogil'aphy, morphology of crystals, and 
textures of many of those fascinating deposits have not yet been de
scribedand understood {except of some occurrences in Alicante, south-
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eastern Spain; see ORTI. CABO & SHEARMAN 1977, SHEARMAN & 
ORTl CABO 1978) .. 

. This . paper presents a consideration upon the·· coarse-crystalline 
gypsum deposits from southern Poland called the glassy gypsum (in 
Polish .literature szklica; see KWIATKOWSKI 1972), in which the cry:" 
staIs have a unique skeletal appearance (SCHREIBER 1978) and, contrrury 
to the Mediterranean ones, form not the twins but peculiar intergrowths 
(see WALA 1973; BABEL 1984, 1985). 

GEOLOGIC SETTING 

. . The glassy gypsum in the Middle Miocene (Badenian) evaporites of 
southern pqland have formed at finishing stages of development of the 
ma["ine sedimentary basin which existed in the Middle Miocene as a part 
of the Paratethys northwards from 1Jhe Ca~thians (see Text-fig. 1). 
The sedimentary basin then ,occupied mainly the_ Carpathian Foredeep, 
i.e. the Fore-Carpathian Depression, and evolved together with tectonic 
movements of the Carpathians (see NOWAK 1938; RADWANSKI 1969, 
1973, 1985). The evaporites mostly consist of gypsum and anhydrite, and 
they rarely exceed more than 60 m in thickness (see PA WI..OWSKI, 
PA WI..OWSKA & KUBICA 1985). The best outcr.ops are situated along 
the southern slopes of the Holy Cross Mts, just along the Nida river in 
the vicinity of towns Piilcz6w, Busko and WiSlica (Text.;.fig. 1). The 
evaporites of this regiQIl are known as the Nida Gypsum (see FLIS 1954). 
The paleogeography. and stratigraphic setting of the associated Miocene 

Fig. I. Location oft'he .~ida Gypsum deposits (MidclleMiocene, Badenian) 
.. in southern Poland · 

A - Extent of the Middle· Miocene (Badenian) . deposits in the Fore-' 
_ , i ~ ; ,; . " 

-Crurpathian Depression' 

; ~- -. 
. ' . I I : " " " :, ,1 ,-:--,~1lhia!l;l ov:~rthrul?!f;, 2 -MiddleMiocene depoiSits. 

B --:- Extent· of the Nida Gypsum deposits, southern slopes of the Holy 
-, ,.. CrossMts(ajter FLIS 1954; simplified) 

. \.; ',. .'1 ._ _ . 

" " _i:. _,3 ~. gY,PSumon the surl8iCe, 4 - gypsum under the surface 

-'.- C.,.:...:.. P:<:rlile of the gypSum deposits exposed at the Gaclki quarry 
. '. . . 

5 ~ la!l"ge Cl"ylStal -intergrowths in the g~y gypsum, 6 - rows of gypsum orystailis' 
having a gralss-like ' a~ce, 7 - gypsum ,s-tromatolite domes, 8 - rod-:1:ilke 
gypsum c:rY\StalJ;s . (less than 15 .cm long), 9 - salbre-l:ike gypsum crystals (aver 
15 cm aoog), 10 - I-amiOOlted gypsum, 11 - areuate and eHipticail ll"ec!l"ysta11izart.iooail 
for.ms, 12 - okansliucen.t and hiotney gYJPSlUilIl crystails (below 3 cm :in si:ze), 13 -
ala'ba,ster-iliike · gypsum, 14 - clay, 15 - brecclas W!ith c'lay cement, 16 -'- breccia$ 
with "/ila,Pas!ter" cement, Ir ,- IPIam .remaiJrIis, 18 - gypsum pseudomOll'!phoses after 

'. -haUte 
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deposits were precisely recognized by RADWANSKI {1969}.Thebest 
profile of the Nida Gypsum, cropping out at the Gackiquat:ry, is about 
32 ID thick (Bi\BEL" 1984). It begins from the extremely~oarse.;.crystaIline 
layer of the glassy gypsum. It is overlain by lay&s with the smaller 
gypsum crystals of the grass-like appearance (cf. RICHTER-,BERNBURG 
1973) and containing stromatolite gypsum domes (KWIATKOWSKI ; 1970, 
1972; SCHREIBER, ROTH & -HELMAN 1982). Higher in the profile, 
a variety composed of long, curved gypsum crystals of the "sabre-like 
shapes occurs {see PAWLOWSKI, PAWLOWSKA & KUBICA 1985; 
Bl\BEL 1986), and it gradually passes upwardly into thin-grained 
laminated gypsum with mimerous intraformat1onal breccias and layers 
of "alabasters" (KWIA'l'KOWSKI 1970, 1972; see also OSMOLSKI 1972). 
"" The gIant crystals of the " glassy gypsum form the layer whiCh ustially 
attainS about 4 m in thickness. ThIs layer, never exceeding 10 'rli ' in 
thickness, is recognizable in manyhoreholes situated in the wideaTea 
along the northern extent" of the Badenian gypsum deposits within the 
Fore~Carpathia~ DepresSion (see KUBICA 1984; PA WLOWSKI; PA
WLOWSKA & KUBICA 1985). 

CRYSTALLOGRAPHY 

The glassy gyPsum is built of vertical, juxtaposed giant crystalS,up 
to 3.5 m in height, joined together in pairs along flat surfaces oriented 
perpendicularly to the depositional surface (PI. 1). The surfaces " closely 
resemble the twin jUrictions,because the cryStals on both sides" of these 
surfaces show palmate structures which at first sight are symmetrical. 
Since crystallographic axes c are placed (see Text-fig. 2) obliquely""" to 
this junction the crystal pair looks like tlhecontact 1-01 twin (Text-fig. 
3a~b and PI. 4, Fig. 2; see also KREUTZ " 1925; Bi\BEL 1984, 1985l~ 

However, the planes of the 010 perfect " cleavage belonging to thebotb' 
crystaJs are not strictly parallel (Text-fig. 3a-b and PI. '1, Fig. 1~ as 
it should be in" true "gypsum" tWins; Moreover', the situation of both the 
010 planes and the axes c and a in one crystal pair is always less or 
more different than in the other. It seems that each, crystal pair realizes
its own crystallographic orientation and there is no simple low of orien
tation common for all crysfulpairs> A more-Close examination shows 
that there is no crystallographic symmetry in particular pairs, "and 
neither a twin plane nor ~ twin axis is rec()gnizable (Bl\BEL 1984). Since 
the" most popular definitions of the twins require that between" the ' 
twmnedCtystals some elements of symmetry must exist " (see LOFFLER 
1934 for older definitions; and FRIBDEL 1926, BUERGER 1945, CAHN 
1954, HARTMAN 1956, KERN 1961, MOKYEVSKY1983), the investigat
ed forms should not 'be caUed tIre .twins. They aTe: peculial'ly oriented 
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Fjg. 2. Crystallographic orientation of tWo gypsumc:rysta[s,haVfug a ' typical 
mOll'lPhology, according to PALACHE, BERMAN & FRONDEL (1951); Cl'ystano

graphic axis b of the right cqoysta[ is orieruted p6l1()eIldiculal'ly to the drawmg 
On 010 faces the jraces of cleavagepl/lnes . (100 . paraUel to . the . . crystallQg~aphic axis c, and 
011 parallel 'to tbe' 'a~i's a)llnd 'etch . pItS (rlatural,c:ir attifl.ClallyprodUcedlD. running water) 

are marked 

irlteq~r~w1:4s ' oifgypsum cryStals, only siniila~ to the 1""'01 twim..The 
vertical sur~~~ th~t ' joins ; th~ crystals ." is llex:ein named.the. composifi~ 
~~rface ,asids~m iriter£ace;9f tpe iridi,vidua,ls of theorierited intergrowili . 
qf ' ~ysta~« (se:e' BiSHOP 1967, p," 270; eAHN .1954;; CURlEN & KERN 
r~5'8~(; '; .~ . ; ' .":" ". .," ." , '. ',j, 

, ....•• The . irrational crystal faces meeting on the composition surface 
. !.j , . ! ' , l 

~Iway~ ~elon~ to the ~ame restricted crystaUQgraphic. area situat,ed 
'.J.\ .1, - . • ' , I _ 

, .•.• .1 • ,' , 

~ . : ..l .- ~. ' . ./ 

: .~ . ~ ',', 

,i·' , .· ·::a ;.';, · " 
: ' . ~ . -, 

Fig:<a. ':· Orientation" ·Mthe ·gyPstini, .crysta1s irithe twins and in the 
, " :" iritergrowths , . 

a' ....:;. .. The ' most frequent ·settmg .Of 'thegyipisuin CiI'y'Stails in the mtergrowths fuoOni 
the gl&;sy~gypsWn:: tile·' hoohut,e markS the ISIi.tuationOf 010 ipe!l'foot cleavage planeS 

.' . ... : ' .' nea;rthe cOl!lljpOisition SW'falce (the angles enla;rged) .. 
b - Thel -'-01 'twill" of gYiPS'Wn; cm 010 amid 01 -0' faces the iflraces of cleavage' planes 
(100 .. parall~el ta· it:he ~l!J.ograJPhic.a:,xis c, aiIlld 011 parallel to' the aXlis a) and etch 

C ._.· •. An· . . . . . . .. ;. p 1t& ajre ll).ait'ked (cprnparePL 4, Fjg~, 2) . , .. ... : ', ' . . ... 
-, iIil'tei'grawth 'Ufgy1ps'iiini c:rts!f;a'ls w:ilth ' paraile1 ' 010' planes' prodticed in 

labornrory by: RuSS;b ' & 'PETROV' (1983) : .... . . .· ... 1;. • ' : 
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between 1-01, 1-11, 1-1-1, 3-02 faces. The orientation of crystal axes, as 
traced along the comPosition surface, is constant but in the others, more 
external parts of the intergrowth, the axis c going out of the composi
tion surface tends to be more and more vertical, up . to the . parallel 
pOsitton to this surface (PI. 8, Fig. 2 and PI. 10, Fig. 3). Q.'he crystal 
lattice is thus . distinctly twisted. Macroscopically, the crystals display, 
noticeable mosaic, block or lineage structure (see ZWICKY 1929 and 
BUERGER 1932, 1934; fide CARSTENS 1986), i.e. they are built of many 
smaller and slightly misoriented blocks(= subcrystals), which are easily 
seen with a naked eye on the 010 perfect clea'Vage planes by their slightly 
different light reflection. The subcrystals are observa:ble as a complicated 
network of rhomboidal fields of mm-sizes which are elongated ne8il'ly 
perpendicular to the axis c(PI. 6, Fig. 2). 

GROWTH STRUCTURES· AND MORPHOLOGY OF .CRYSTALS 

The history of the crystal growth can he reconstructed from the 
analysis of the growth zones, .marked by inclUSions, which allow to 
recognize the habit changes of the developing crystal. The growth zones 
ir!. the orystals of the glassy gypsum were noticed long ago by KREUTZ 
(1925) who first gave a sedimentological interpretation of such crystals 
as pri!narily gr·owing on the see hot~om. Unfortunately, KREUTZ did 
not illustrate these zones and did not describe them in full detail. Be
cause of a· rather composed internal structure of the crystals,. it now 
appears difficult to find and to correlate the growth zones in the entire 
crystal body. Recently; the crystals and the mode of their growth were 
also briefly described by SCHREIBER (1978). In the field, the gra.wth 
structures of the gypsum crystals are easily noticeable on the common 
010 surfaces of the perfect cleavage and on other surfaces along which 
the crystals split off. 

The crystals of the glassy gyps.um are easily separatablealong the 
composition surface and thus the growth structures can be investigated 
on the two crystal surfaces, adjoiniJng each other on the composition 
surface. The composition surface has the features of the induction 
surface, i.e. the interface ~ch is created in the place of meeting of 
the two simultaneously growiJng crystals· or SUiborystals (see .FERSMAN 
1922, GRIGORYEV & ZHABIN: 1975, PETROV & al. 1983,POPOV 1984). 
Many of such surfaces, visible as discontinuities or cracks of the crystal 
body, are· developed in the external partS of theintergrowths(e.g. PI. 5, 
Fig. 3; pIs 6-7~ PI. 8, Fig; 2; Pl.I0, Fig. 3). Likely the induction surfaces 
the composition surface, although generally flat, has a characteristic 

• Such surfaces are aJlso · ca!Hed the compromise boundaries; see references :in 
liUCKLEY (1951 p. 125-127) and BATHURST (19'75 p. 421). 
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Gyp,::rum .intergrowths with cOImpOlSition surfaces vi,sible as ve.r:t ical joints; It1Qte 
difference in 'I~t Ireflection 0 '11. 010 cleavage planes on both s'iJCies of com,positiOlt1 
rurfaces indkat:ing that 010 !Planes are not par·aUel (see PI. 2, Fig. 1); loca~.i.ty 

Cho,tel Czerwony 
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1 - Glassy gypsum buNt of non-skelclaa cry.stal}s;; in ce:nter, two intergrowths 
with oompositioo sU!rfaces v.~stble a,s joinltis; 'art r ·ight and left, rtwo CO'lTlpOs.i.tioo 
surfaC'es with falll-like pa,ttern of the fields of relief; locaUty Chate! Czerwony 

2 - MoriPhology of the uppe;r .sua:i·a,ce of gYlpsum cCyt&t.a,l,s preserved beneath clay 
cover; l!1ote !S1rnaU Ire-entr.ant all1gles neatl' the co.mposition lSuria'ces .(arrowed) 
and 120 iPr4sm faces buiilJt of aea:lJS-s'haq:>ed subcry,srtat1s; loc'ality Chortel Czerwoll1Y 
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1 - Compos,ition ,surface wJth fa!l1-Hke pa.ttern of the fiel.ds of relief (detail of P1. 2, 
Fj,g. 1); horizontal ciru1k ,streaks of day in-clusi'OlIllS iindicate aJn. a'l'ran,gern:ent of 
ery,sta.l (or subc,rystaI) apices (see T,ext-fig. 4b); traces of 010 oleavage pla,n.es 

are mCl["ked; locality Chotel Cz,erw()!J1,y 

2 - Cornposiotion ,surfa'ce of ill gypsum i!I1tergrowUh CO'l'lroded .by rainfaH water; 
b01.llr1druries between slice-like subcrys1Jals (i.e. 1-03 faces) are vi'si'ble perpen
diircu-l-a,!'ly 'to 010 cleavage IPla!l1es (see PI. 6, F~g. 1; PI. 7, Figs 1-3; Pt 8, Fig. 2) ; 
locality Lagiewniki 
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1 - Half on an intergTowth of skeletal gypsum with the fields of reHef .seen on 
the composition s urface (cs), all1d all',cuate aggregates of subcrystals arra.n.geci 
one over the 'Other alOll1ig these fields; locality Gacki 

2 - Orientation .of crylstaUagralPhic axes a ,and c, cleava,ge planes (100 ,parallel to 
c, 'CllI1d 011 pa<rallel a) aJl1Jd et'ch pi'ts '0111 010 deava'ge planes of gypsum lionw'
,growth (see Text-fIigS! 2 :aJl1Id 3); ;nQte the re-ent'TalIl.t angle near the composition 
Soudace .ion the ~ part; the top of glaog.gy gypsum 'at loca,Hty Goxy,slawice 

3 - CorrosiOil1 'surface ClI'o~s-ClUttin,g gYJPISlum inte<rgrowths; at left, a ;new gene<ra
Han 'Of crystals g,r<)WIfl on the cocrOlSi'OIll Sou,rface; at right, crY1Sta1s groWlfl 
syntaxiaIly; locality Chatetl CzerwQny 



ACTA GEOLOGICA POLONICA. VOL. 37 . M. B.I\BEL. PL.· 5 

1 - External part of ·a gypsum fntergrowth buiJt of aggre,gates of lens- Sihaiped 
subexys tals havIng a skeletal structure; locality Gacki 

2 ·- ParaUelly arranged lens-shaped apices of large suberysta,ls (or aggregates) 
visible on th~ top surface of ~la s:sy gypsum after removal of the clay cover; 
.lQcality Sielec Rzqdowy 

3 - View an 010 clea-v~e :pla!lles of a !half of the gypsum i'l1tergrowth; black aTrOW 
ilThdic·ates 'composiiio!ll .SIllirla'ce; white aT['OIWS 1ndkate ilnlduc,tion. suTia,ce;s with 
tralC€'sof lPatraUlel Sllke-liJk:~ ..su'bcxyS'tails (see Text-fi g. 4a~c; pa. 6, F~g. 1; PI. 7; 
PI. 8, Fig. 2); orientation of ,orysta;Hagraa;>hk axis c is marked; locali.ty Gaoki 
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Growth structures and morphology of crystals from the glassy gypsum 
AM photos of naJtural ,s.iz€; taken by K. ZI.IDLI~SKA (Figs 2-4) and by B. DROZD 

(Fig. 1) 

Explanation on the opposite page 
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relief and is divided into series of long fields forming a fan-like pattern 
(PI. 2, Fig. 1 and PI. 8, Fig. _ 1), Sedimeri~ impurities, mainly clay in
clusions1 were successively entrapped al,ong the composition -surface 
during the crystal growth. Hence, on the composition surface or, strictly 
speaking, on two crystal surfaces meeting on the composition surface, 
visible .is azonalityof inclusions which reflects the growth stages of 
the adjacent crystals. The zOnes aFrange into series of upwardly bent 
arcs, all of them being situated inside one of the fields of reli,ef (Text
-fig.4b and PI. 3, Fig. 1; PI. 8, Fig. 1). Sometimes, the aTCS are replaced 
by a sharper, saw-toothed pattern. From this it is evident that the fields 
of relief reflect an arrangement of crystals (subcrystals) apices neaT the 
compositiOn. surface (see Text-fig. 4b and PI. 8, Fig. 1). 

The ronation, lseen on the oomposition surfaces" is inVJilsible ID long-exds.t:iJng 
outOl'lqps because tihe atmQl!ij)hieric ;waiter easdly dissdlves and il'elllJ()'Ve5 1lbe thin 
sudiciaJ. layer of the gypsum crystals. On :sUJC!h partly corroded surla.ces, the parts 
of the iIJ1I;ergrow:ths, a · ilittle morie distan.t from the oompo,sitm surface, display 
quite .clIifferent growth structures JOOtioeab1e 3IS thJiJn laminae perpendicular to 
thetra0e6 of Ithe 010 clea~age plmes (PlI. 3, Fig. 2). These laminae OIOOUPY nm'lroW, 

maximum up severaJ. oontdme1:jers wide MealS on bOth sides JOf :the C'OIIllPOSdtion 
sUirfaces IIDd they &"e very well seen on the 010- perfect cleavage jp'LaJnes (Pl. 5, 
Fig. 3; PI. 6, F.ig. 1; PI. 8, Fdg. 2). ~h .~ belongs to asingIe 'Slice-lilke su'b
crystal wbdoh i:s :Battened an the dia:ection jpeiI'pendioular to :tlhe crystaUogTaphic 
axis c. Commondy, the subcrystahl are a'bolUt 1 mm thick. Clay impurities, as 
seen on the 010 cleavag:e ,planes, alwaYlS lie {)ll the 1.1jpper side of the subcrysta1ls 
bou:nJda.ry. These boundaries, sometimes JSlJightly oonvex upwardly, -seem to be the 
traces I()f the subcrystai UiPPer faces siWaited neall"ly perpendicular-ay to the axis c. 
Th-ese faces relaJte to l1:!he ilvatbidOOll fa~ .,Siiluated lbe'bween 1-03 (and :810 Idesignalted 
:iJn the foMowitllJg text am 'm. R. 6, FiJg. 1; Pt 7; 'PI. ~, Fig~ 2), 011, 001 aaLd (ll-l 
(see Text-fig. 2), ~ of which 'M!re lI'eOOgrliza:ble in this &"ea of t'he gY'PSum 
crYlStalLs, eS;peciailly of those ihavinlg lens-shajpedhabit. The upper faces of the 
sli-ce..J.ilke S'Ulbcrygl;.als, i.e. Itbel-03faces; 'have awearenltlyf<J!1"IDeld a very jSmaH 
re-entr8lllt angle near the cOmposition sUJrface like m' tnue swal:low-tadl :twins of 
gypsum (TeXlt-:fIig. 4a and PI. 2, Fig. 2; RI. 4, E1ig. 2). ' 

The ,paTts Qf the intergrowtths mare dis'talnt fram the composiltkm SUII"face are 
built of many in"egulM subcryoStals of various ~ and, generally, of a [ens-'shwped 
habit. This area is w>uaillly 15--30 cm (oornetimes \lIP to 50 cm) wide. T.be sub-

1 - View QIJ. 010sudaoe of a cleaved flragment of the ary.stal taken nea,rby the 
composition surface (at left). Note: 1 - c!lay incLusiQns (dark) fC)I"lniJng .stTiJpes 
perpendicular ,to c ·· a'Ild !placed on 1 -03 :fiaJces of slice-[ilke sulbC!rysta1:s (see 
PL 7, Figs 1-3), along the ~er sildesof induction surlaces and alOng 
IboUJndad-es between smaller subcrystaBs; 2 - the same inolusions groupped 
.into .streaks, rougblyparalJleJ. to c, and rnatrlki.ng growth stages of t-he falces 
~Q:ximate to 120 prism; 10caJlity Gacki . 

2 - The same fragment, ~e.red witlh ammonium chilQIide; !lines mao:ddng 
boum:lal"!es between 1arger subcrysta!s (or dJndJuiction -surfaces, when ar.rowed) 
are visible because of slightly different light reflection an 010 cleavage 
planes 

3-4 - View on 010 cleavage planes of gypsum crystals from externl8!l parts of tihe 
mterg.rowtbs; tijpper surfaces of crysta9Js are buillt of iens-sh!ljped sub
crystaJls; induction smfaK.'eiS visil\Jle as cradks on 010, crystaJllographiic axes c 
are malfked; locality Chotel C~y (Fig. 4 from Czernica, Upper Silesia) 



s· MACIEJ . BJ\BEL 

crystals in the externaJ. parts . 0If an intergrOlW'th produce the composed aggre
ga~ which have 1llJ.e sh8jpes of aJI'cs or CUlI."ved rods forming 'P<i,lmate sflructu.res 
(seeR. 1; Pt :4, F'ig. 1; PI. .9,; PI. 10, Filgs 1 and 3; PtI. 11, Fig. 1; PI. ' 12,Figs. 1---t2). 
The a:ggrega'tels are sejpIlmited by lairge 8Jnd more distinct iilIliduction ISUJrf,aceS, curved 
aT f.lat ' (PI. 5, Fig. 3; ' PIs 6-7; PI. 8, Fig. 2.; RI. 10, Fig. 3) (lr,in the case of the 
skeIeta[, Crystals,typica[ of ;the ~y gypsum (SCHREIBER 1978), by flree spaces 
filledon.iy ' by 1SIIla!l1 aIIliOIUJIlUl of clay ·or lllalrIy clay (Rl • . 5, Fig. 1; PI. 10, Fig. 1; 
PI, 12, Figs . 1~2).; lin the . ;skeletal crystails ,jJt dJs vdsiible that theareuate aggregates: 
a;re ·bound along the al"e:aIS creaJ1ling 'tihe fields of :relief on the 'COOIljpOsiJtion surlace. 
In Such sttwiJbi.Ons :fJhe aggregates:for.in sepa.r8rt;e g;rOlllps in which they aire EI!rIl;angJed 
~. ove:r the otlher (PI; 4, Fig. 1). lin other inte:r-gTlqW'ths, the aggregatlelS (If lSoulb
eryst.aus Create more 'OOIIIljplilCated spatiai ' pa:tternS ddffiou1lt to ' a detaJiled recognition. 
ItLs 'very chai:adtea:iSlti.c ,~ that . beneath !Some lai>ge mductian surlaices the ,series of 
the slice-lillre subcrystaClis all'e deveLoped in the same manrne;r all! Illea:rpy thecom-
position 'SlUrfaces (Pt 5., Fig. 3; PtI. 6, Fd'g. 1; Pil. 7 aJnd Text-fig. 418.). . ., 

:~~ In many places the tOp surface of the glassy gypsum, i'sco~ered, with 
a ::thick layer of day and thus the morphology of the crystal api~' is' 
well preserved (Pt 5, Fig, 2). The pattern of' this surface·· gives ' an' 
ihlagination how the bottom of the evaporitic basin looked like at the 
time of the glassy gypswn growth (see Plo 2, Fig. 2; PL4, Fig. 2; PI. 6, 
figs 3---4; PI. 7, FtgLS 1 and · 3). It is appearrent that the upper surface of 
the ' orystals is built of . many parallel lens-shaped acute subcrystals, 
Somelfrnes; on the crystal surface the ·· faces of the 120 priSm appear; 
h<:lwever, they also have a distinct r~:ief and are c,omposed of many tiny 
l~ns,shaped subcrystals (Text-fig.4b · ami ' PL2, F~g. 2). The 120 pris:rnr 
faces are chara.cteristic , of non-.skeletal crystals, ~hile the lens";shape~ 
habit of the 'Subcrystal apices is typical of skele1;a,l crystals . 

. Sed1m,ent . imp1.lll"ities, mairnyclay ino1~ons but . alSlO aggregates of . ca[cite 
crY'stali's~diaifloffis, .a.nd ~een With a naked eye I~ of wgal fillaments (s.e,e ,SCIqtlAi: 
BER 1978, KAS:PRZYK & Bi\BEL 1900), fOrm :two sa>aItia'l isySitems i"eOOgIidzalbl? 
o,:Q, :\ille010Jperledtclea.vage sUll'face/s (PI,; 6, Fig. i;PI. 7, Fig. 2; PtI. · 8, Fig. 2): 
Fks~ly~ . they ared1s1lriJbuted ~ . patches' . and thin stTeakiS lymg cOncordantly' 
w.iltih . elOOJJgation of lSU'OOrySltals, i.e. almost perpendicU'l~ray ' to the cry.staHogratiJhdc 
~xi:s , . e. The ianpurd.ties illie alOng the u~ 'sddesof tIhe boundaries beJt~een the 
SjlWce-like SIU'bc:ryJ5lf;aJls from the vicinity of the OOIIIlpOsiti.on surlace and al'OlI1g tlIP'l:>ei" . . . ' , . . . :... . .. ~ 

land 3 - U;pipEll" surfaces of crystals f!i"Ollll external. ,.parts of the Lnte:rgr,owthlS; 
all'rowed are Wceg ' of la:rge mductiOll1 sudace.s ineaa- ,which lPWl"aHel sU'Ce-li!k:e 
subcrystalls ('terminalted by 1-03 faces) alt'e . devellqped; note ~he re-entrwnt 
ang1eJS, near the · induction · .sw:fa.ces, .!in which 'Su'bcrystaJs or~ted and g;rew 

' :perpoodicu:larly to orysl;aillogtraphic axis c (malt'ked 0111 .. 010 • cleavage pla'De). 
ruccessively one over the other; .in Fig. 3, the induction surlace crOSl'l-c'Uts 
12-0 faice built of ' tiny lens .. shaped subcrY'StalS; locaUiJty Ohiotel Cze:rwOll1y 

2 -,- ' View ' on 010 plane Of a cleaved fr~t taken nearby the oornpositiOlll 
,surface (at left); axl"awed are large induction surf.aces newr whiiCh panllJed 
S'Iire-lilke subclrysta.ls (Itermil!lateid by 1-03 faces) are develqped; clay incJ..usions 
,(dark) alt'e !placed on 1-03 faces, wOIllg <JIther rubcry>stall bOlllllldaries 8.nd induC'tiOlIi 
S'Urfares and, additionaHy, in' horirontaI .<SJtreaiks (s) · oross-'C'UJtttIDg the sub
crystals (crystai:log.rapmc axilS e is mall'ked); the gro'Wlt'h str:uctures aJI'e simiilar 
to thOse shown in Fig. 1;iLOcaUty Ma:l.OJsoz6w, Miech6w Upland. 
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sides ,of the l'cllrge induction .surfaces. The largemuction sUJrfares are C'U,rvoo 
and hence they .strongly resemble the traces of ,the chaa:a.c.teristdc cua:ved 51.l1rfa'ces 
of gffis.trln er:ysta'l;s (see SHEARMAN & ORTICABi>, 1978). However, oontra!ry to 
the !large ,Mediterranean twins of gypewn (see SHEARMAN& ORTI CABO 1978) 
the ~oWth ZOInelS of the cwrved surfaces are nOlf; developed. , It.seems that the 
grow:tih of the investigated orysta<ls onilhese SUJrfaces, Lndirrection of their oon
vexi ties, was draJSticaJ.ly Jinhibitoo. The traces , of 1lhe 1 -03 faces of the sldce-liike 
subcrysta'ls near the epmposdtion S'Ilrface, as j,t1s evident from the crys.tais morp!ro
logy (see PI. 7), are not the grQIWth zones of the 1-03tfaces. The traJcesof the, 1-03, 
although very SLmNaa: to the growth wnesoof the ' Cull"Ved ' surfaces (SHEARMAN 
& ORT! CABO 1978, ORTI CABO & SHEARMAN i977; see also SCHREIBER 1978, 
who descxibed :in the ,golassy gypsum the aiberlI'aruI; splitting of theotm"ved surfaces 
into letrlJS-IShaped SlUbcrystalis), have in fact a diachronic na1iwre. The 5Ubaryl:;~S 
or:igiJnated neaJrby the compositdon surface or nealrby oome other :induction surfaces 
and g;rew iooly ID direction perpendicullaa: to t!he aocis c, whHe the ~,th on 'tlhe 
upper 1-03 faces was Stlrong'ly iJI1bibited (see TeJQi;-fig. 4a). The same 'g;r'OWt:h structJures 
ooour .in slfngle ~aTgerctYJ,St3ills pf gypswn from the layers overly1Jri,g the glassy 
gypsum. Th~relations between mOlrPhology of such si:n;gle cry.stals and thed.r 
iIllfernarl s.1muctulre are weB ':readable ,:to reqo!IlJstruct the growth mode of these 
crystaIsa/Ild of the ~;assy gYlPSum(see , Texrt-:f!i,g. 4c). S.inoe clay materiall in tIhe 
gIaJssy gypswn was dejpolsiited iirom srUspension IQIn the 1 -03 faces of t:he swbcrystals, 
eaCih of the sUOOrystail5, when grew, enc:lOLSed pOOkiliticaillly impw-itdes iartllelI'ed on 
the upper 1-03 face of 'the ooderlyingsubClryLSltal. Thus, the olay ilriclusiO'Ils are 
always found on the up,per Isi<ie of the bqwldary between the slice'-l.iJke suborySlta'ls 
and, beca'lllse of this, on the upper sides: of the lrurge , <!'Ul"ved illiduodbi.on surfaces. 
SlimirlaTgrowth struct.ures of pararllel subcryStals !in rgYIPSrUm tw.iIns were reported 
from Austra!l.ia by WARREN (11982) who, hawevelr, did not give theiJr crystaallo
graphic description. When ;t;hesubcxystall !boundal"ies OIl" ind'Uction surfaces in the 
glassy ~PSUJIIl were ordented more verrticallly, as din the case of tihe C'OIIIlIposi:tion 
s,urface, :the 'impurities were placed on both sides of:ruch boundaries ort" swrfaces. 

The ,seoo:nd sYistem ,of the clay-inclrus:ion aIr'Nlngement is much hardelr to be 
noticed. The dmpurities enclosed d.n the orYJS1;aIs aa-e al"ll"'!Ul.ged into discontinuous 
and obscured wavy streaks cross-cuttinrg the CI1"yIStals nealr'ly horizontally and 
betiing raised upwaa-dly in the voiciIruity of :the roompositi'OlIl surface in the middle 
part of each inltargrOW'th (PI. 6, Fig: 1; PI. 7, Fig. 2; Pil. 8, Fig. 2). This system 
is ClrOOS!W:iISP to tlbe fi.r:st GBe. The 's~lI!itS ,pass hILa the wtliatIon of clay 'iiriIclUsiOIllS 
on the SiPlitted com;posMion surfaces (see Text-:fiirg. 4a-lb 00lld Plo 3, Fig. 1) and 
also imo' 'Ai. siliiiIarr " :ronation' VlLsible ' on' thei" split-ted induction ,SI1.lrlaces fJrOm the 

1:':::.0. t!'Mljksiti<lih" \SurfaCe' "'0£ , the:gypS~: 'd,ntergroWth , (similair to ' , thait iHrustraJted 
," in ;Pt: \2; :F'.ig, 2),; n~SI1l1.a!J1 ' st~s '· !olrin:ilng :tbe · lfelief(bla.~k cm-dws) , z6inaJ.dty 
, of' clay ' :iliwlusiOitiS · siinilai· w·' rgioWrth iones 'Of' 12a~ fires ani.d a ' llmaH 

faoe(white"arrow)' producmg the re.:.en.tJ:antanigle Dear the oozn:p.6.sition surface 
(cr. T:E!XIt-fig~ , 4b); rt:raees'rOf OlOcleav'age plalO.ieS ;"8Jre matked; localiityOhoWI 
Czerwony (naturaJl size; photo by K.ZIELINSKA) 

2 ""'-" VieW .on 010 ' ipla!Be of a cleavedrr~t,talkenneaa-by th~ composition 
surface , (atleft);c!lay inclUsions ' (dark) lay al!<mg ,the ' rUiPIP'eI"Sioos of lal'ge 
'!iindtictioo sui"faces '(arrowed), on the upper siJCies ' of boUDIdaJries ' betWeen slice
' -like sulbcry,staIlrs (i. e. OIritheir 1-03 faces)anid, alddition'a!l1y, 1lhey create strealkS 

, ;ls) "Ina'l"kmg the groWth stages 01 faces appro:x::iJmate t{) ' 120 pirisa:n; note slightly 
different position, of 'orystallographic axis c; locality GQcki (natwra:l size; photo 

~, :, by B. DROZD) "," .' " ',' 
3 "~ HOIl"iron1aJ. cOIr.rOsi.oth;sUrrfaee which locarlIydirsappe&'s (see mirc::lrl[e part of the 

" 'iPhotO) ~seof ' the s;yntax1aI 'upwaid g!i:CiiWth :of laa;ge OI"YlSta.1s of the g:J.a5sy 
gylpsum; locality Ohotel CzerwQll1Y 
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Fig. 4. Reconstruction of the morphology of crystals in the glassy 
gypsum 

" - Scheme ,show:ilIlg the development of the orystailintergrowband the growth 
structures, a's visible on the iSUIl"faces .of 010 perfect clea.vage iiJn the glassy gypsum 
b - An jdeailized flree....grow·iIng in:tergrow:th of gypsum c:rystaws, splitted aJoing the 
(.'Ozqposition iSmfaoe; note a :fain-like pattern .of the fie1ds .of :relief and zonation 
9f clay mcl'U1sians on . the cOOIljpQS'ition 'su.rf.a.ce; upper sudaces of the crystals are 

. bu:iilt .of 120 prd.srn faces 
c ~ An aa>ex .of thesqle gypsum cry9tai (given in naturail size) from the ~ayers 

.ove,dyiIngthe '~y gypsum; view on. 010 perfect clea'Vage plane 
The dashed line separate.\! the growth sector of 1-11 face and the sector of the blocky growth 
(blocks are terminated by . 011 and. 111- faces; see Text-fig. 2); the boundaries between the 
blocks are produced mainly by 011 faces, the growth of which was strongly r'estricted; the 

clay inclusions are placed along the upper sides of these boundaries 
In the glassy gypsum there ar~ similar growth structures, in which the growth sector related 
to 1-11 face is extremely narrow and the. analogous blocks (slice-like subcrystals having' 
1-03 faces as) their boundaries) are very regular (8ee PI. 4, Fig. 2; Pt 5, Fig. 3; PI. 6, Fig. 1; 

PI. 7; PI. B, Fig. 2) . 
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1-2 - View on 010 clea.v~ge plaJtles of gyjpsum 1n't.erg,rOl'Mths; compositioo surface 
:is vLsible as a vertioall jo.iJl1.t; black hmi:wnta'l liine mcurk(s !laminae of white
-colmed ilndousio;ns e:ntralPlPed . along the form€[" g.f'OIWth surfaces of crystals, 
i. e. aLoll1g Ij;'he ery.stailis/water ill1t·erfac.e; locadiiy Owczary (Fig.. 1) an d La
giewniki (Fig. 2) 
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1 - Intergrowth of skeletal gypsum crystals; note primary free spaces between aggregates 
of the lens-shaped sUbcrystals elongated obliquely to the composition surface (arrowed), 
and area of the competitive growth of crystals (at right); locality Gacki 

2 - A zig-zag boundary of gypsum crystals growing competitively; composition surface is 
a'rrowed; locality 'Owczary 

3 - View on 010 cleava·ge plane of a half of the gypsum interg·rowth (non-skeletal structure); 
induction surfaces are visibie as cracks, composition surface is arrowed; bars mark 
orientation of crystallographic axis c; locality Gacki 
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extemat1 palrts of thetntergr.ow:ths. The most dHitiJnct ·streaikis reach the thidlmess 
up to 0.5 'cm, and they SIre correlatable ID. 'IIlailly adjaoent intergn:owths, This 
ailTangemant .of ianpunities 00l"l'eBp0Inds to the sYIIliChmIllous ,g:ro,Wi1;h woeS Of the 
cry,staLs, and hence to the sedlmen.tf.br.iJne interfaJCe. 'I'he obliterated and obscwred 
cha!racter of these oones reSUilts fir:.om fue moo-phoUogy .of~e c.rY'stail. which w;a& 

built of the Iens-sha~d iSUbcry>sta~ (see Text-fig. 4a). The olay ma!te:rtiai was 
gathered in the concavities .of the crystal sudaoes aIIld1lra~ favoraibly aWoing' 
the .bowndalries between the !lens-.shaped subc.rysta,llS. In .such a way. the clay 
i1nc:1U1Sions d~d not form con:t:iJllIu!OIUS ihori:rons iIIl the glassy gypsum. However, thea:e 
aTe severaJ. rthilok 9treaks of black clay which are precisely OO!lU"!elaJtalble over 
a distan.ce of 20 km (B.t\BEL 1984). These ;pr.obablly maIl'k episodes On whOOh 
a ,greater amount of day was SUlPplied iJnto eva,piOO.'irtic ba.sin and/or the Il'ate of 
the c.ry!'.tal growth, related. to the :sail.inity of brine, 'WaiS relatively 'slower. 

Ais .seen on the 010 jpetl'fect cleavage planes the wavy stIl'eaks !pass in places 
into delicate growth Z'OIIles which are/ stTicl;lly pamJ.le1 to :the arY'51;al.logJraphic aJCis C 
(PI. 6, Fig. J. and PI. 8, Fig. 2). These !ZOIles ar;igitnated froOm the grtOfW'th O!fthe 
120 ,prism fa,ces (see Text-fig. 4b and Bl 2, Fig. 2); they are aliso obli1lell'ated aIIlId 
obsClUred because the 120 prism faces ihave IlIOIt been precis,ely flat but oomposed 
of 'the tiny lens-'shajped subc:rylS'talS'. 

Sometimes, colarful white 1011' ·MOWlIl '.inclu/Sions (the last ones being poss.ibly 
the remaiJnsof the weathered tufface6us matertial; cf. KUBICA 1984) create very 
distinct contmuous laminae pa'l'allel· to :the clay streaks described abo.ve (Pll. 9). 
They are .a,lsIO correla;1able iIIl the whole area of the Nida GYiPSUID.' 

The crystals of the neighboring intergTowths evidently competed .one 
with another for free space and formed characteristic zig-zag boundaries 
(PI. 10, Fig. 2). The contact of the crystals along such a houndary, con
trary to the contact along the composition surface, is not crystallo
graphically oriented. In the Mea of the contact the crystals very .often 
reveal the skeletal structure (PI. 10, Fig. 1). In free sPaces, small lens
':'shaped crystals have grown on the surfaces .of the larger 0IlI~ in a 
drusy manner. 

The textures of the glassy gypsum vary in dependence on the m.or
phology of crystals and on their spatial orientation. In a great number 
.of outcrops the intergrowths are setup vertically with their composition 
~urfaces perpendicular to the depositional surface (PI. 1; PI. 2, Fig. 1; 
PI. 12, Fig. 1). Such ·oriented intergrowths attain the greatest height: 
In another . va!l'iety of the glassy gypsum the composition surfaces are 
.oriented obliquely to the depositional surface and the intergrowthsare .. 
smaller, rarely attaining more than 1 min height (PI. 11). ·Some of the 
intergrowths, especially at the base and at the top of the glassy; gypsum, 
have their upper parts developed to enormous sizes (see PI. 11, Fig. 1). 
SimilaT textures occur within the Mediterranean twins in which the 
"twin plane" is placed horizontally (ORT! CABO & SHEARMAN 1977; 
SHEARMAN & ORTI CABO 1978; LO CICERO & CATALANO 1978; 
DRONKERT 1978, 1985). 
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. > . ... .. .... . REGULARITIES OF. THE CRYSTAL .GROWTH . 

; ",:, Gy~um 'd~. o~ "fo~m' v~ry ~~il, ~~ ~~ :popuiar 100, 1-01 ~d 
rarely '2-09 twins (PALACHE, BERMAN&, FRONDEL 1951)., Many other 
twins and ;regular intergroWthsof gypsum have reCently' been ',produeed 
in ~xper,irn:entS :by" RUSSO ,&' P,ETllOV (1983)., Some ~f the intergrowths 
eXhibit rteither a twm, 'plane nor Ii 1;Wo-fold, tWiIi, axtS '(Bee" Text-fig. 3c). 
HOweve~ , 010 planes of 90th ~dividuaiS"a~" Para~~~~'imd it: is PQS&ible 
to -transform one, crystal iDto another by: one, r.otation according'to the 
coiIiciding lattice row normal to the 010 Plane' a;bout some non-ration!ll 
angle;' In contrary toihe foims' descri~eQ. 'by RUSSO & PETROV (1983), 
the intergrowthS from 'ih~ glassy gypsUm present"il:tore cunous ' features. 
Detailed , crystallographic inveStigationS' show tb:~t in, plllt'p06e to coincide 
one' crystal with the other it 'is' ii~a'ry 1;9 use; i:rl,g~~rai case, lWt , 
one but twO ,operatioPBof symmetry according to Some irrational lattice 
planes' or ,roWs' strictly: like' as in the 'case ot accidentally groupped 
crystals. However, some laws of the crYstals' orientation occur and 
perhaps they iL"ealize, in a statistical Way, smce"the crystals 'ih.'the great 
number of ,'the 'mtergro}V'th8 ~c:niev~' ~'~imU~:~utU!lr·oJ"ieri.tation (as 
given'in '1'ext-:flg;, .. :la). ,T]tis 'oiie~tati~ii:. exjsfs '~lY. ~,~~a:~" ~~ co~posi!iOn 
surface where the irrational 'faces lying in the uea between 1-01, 1-11, 
3-02· and 1-1 -1 are joine9. togeU1e~. '.J:'he other ,ejrtex::P.~l par~ ,of , ~he ~ter
growth .loose this orien,tation 9-ecause of th.e ~locky growth., ,and the 
crystal lattice tWi$ting:' (GRtOORYEV & z:iiAJ3IN )975). Th~ 'forms 
similar' to ,the described, 'intergrowths of ,gypS\U;Q~ as 'f~r as the author 
kno~s, '~ave not been noticed , in di.e· w~ad <<;If ori~¥' int~gro~',' Q.f 
th~ ' s!lme . substance (for examp~e, oompltre 'w,itl~:' regular ' intergrOwths'~ 
which beldhgiiIg to th~ twins' is questiona:ble~ described' by'" DRUGMAN 
1928 and SHAsKOLSK'y" .& ';SHUBNIKOV "1933 fide FRIEDEt..'19'33. 
LEMMLEIN 1926, GLISZCZYNSKI 1948 fide CAHN 1954, I{OBAYASHI 
& FURUKAWA 1978, RUSsO & PETROY .. 1983, ',KNiGHT'&"':DEVRIES 
1985). The crystallographic','nature and lawS· of", orientation of: thoSe 
peculiar intergrowths of, gypsum require 'further detailed inveatigatioru;~ 

;, The ~09oopi.c obserVatiOl]S' ~tifi "i~ :the compiat.lon ~ .has been 
ere8Jted 00 t'he ea.1"llest stageS' of rtlie erysteD. '~ aild it piAyed a very ~t8nt 
rol~ in ,the .fUll"ther develO,pm.eotof the ,entiire :lnrtergrowth. Just tram the vilc.iml;y 
of· the' newly 'created COIIQ)09ition SUlL"~ the' su'baryatahl , begBlllo to grow :In:, a 
d:irecti:on,' ~ar' to the 'crYstaao.~hdc 'ues c, ~rdai ~ ~liiquelly , to 
thecomposj,tioo' sUrt8ce. Fi1'stly, a serie!S of JP81'del thin 'Blice-ll!ke subcrystals 
had farm~ 9I!lCf thim the moa:e composed ageregates 01. subcrystals developed on 
them: jprioducing the paama.te structures of the exterlnai paris of the mtexirowiUls 
(see Text-fig. 4ar-b). The blocky growth of crYlStails was capnected' with the splitt:ilng 
of thec:rystail bodies. Strh a Ji1PIdtfllng bePn froIIIi the otiginatiClll ~ ilnitia!l d1s
contiti.uiti~, pet'~ of the dia1'O~ il;ype, 8:nd th~' the' IIIl!(Jre dist..mct inducl.i(ll). 
surfaces' develqped Which diVided the 6'lighrtily <Ufereiltly «iented paris of the 
gypsum crystals. 'l1he splirbtJlng and 'bhe blooky growth led, to the anoma~OUB twIi.t .. 
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1-2 - Gy:p.sum intar;growths with compositiOll1. lSIudaces oriented orblliquely to the 
deposit ional surface; locaL:ty Lagiewnilci 
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1 ~ Glassy gypsum buhlt oIfske[eJtal CTYIs't.i1s; lJ.ooaQityGadki 
2 - Laminae 'Of thin-gtJ:ained gypsUIffi enolosed :in.to .9keletal mystaJ (aetaiI ot · 

F.1g. 1); thecrysta!l was c-o.r.roded pri'Or tQ d€po-sirtion of detrita'l gYiPSUlffi grains; 
composition -surface (CS) CIil1Jd crj'lstall-iographk axds c are in.dkated 
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ing of 1;he ,CII.'y:stlii la:ttice in' one direction. From the gtr.owth st.nuctures and" from 
!me larus-shajped haJbit of , the .SlUPorystaas lit is evident that the grorwth of, aryoStaiJ.s 
in d.ilI:eCtion of the ax~s C 'W!aiS extremeiy reMcteKi. Since theSU'bc.rylSta~s practical
ly grew' on~y m. adirooti~ lP~cliO\lla:r to the axis c it was Jinaiinly the Coariposl

tiOn swrfaoe which enabled the lintergowthsoo' rspreaKiUlpwaroIy a;nid to reach 
~heiJr height ,up ,to 3.5 ' m. T~ ilens-shaped, :f!latteneci arul Per,peiIJJdI.ou,1Ar to the 
~ cha'bit, 'Of" the , gypsumorystals ,00u1d rreS'll~t ·fuo;rn ,the ' \Pl"eSe'IltOO of , ~ic 

CO'IIlIpOUlTICS aIDJd ,the alkalli?Jii!tyof the environment (seeOODY 1979; KIROV 1980, 
1982). 

The oompositilOln Slurfaoe reveals peculiar fealt~es. The a-Ystals grew 0IIl' bOlth 
sides tOf this surface in the spa.t3aJ connection aJIlJd havia:J.g :the OOIl1StaIIlt orYiStaltlo
graphkaHy oriented contact alOlIlg the whOle oompositiQlIl. SUil":face. It suggests that 
between :the crystail!!, . ~~~arlY, as betw.~ j;he ~eKLiJnK:lJi'Vldlua'lis, the strructULt"a[ 
oonn.ection. must exist (see ' IiUERGEa i'945). oniflh~ other ~d, the crystaas are 
very easily split off aJtOIrlg the oaIIJipasdtlon SlUlrfatce which has at nature of the 
indu,ction surface. It ,can, lea,q to a quite QPposite S'Il{PPOsitionthat the structUJI'al 
cOIllrleclioltl of, the ary~als ' on ,the ~o'sition .su['[!IIce, as m the c~se of am. or:diInary 
in!dudiori" ;sUJI'f8!Ce, does ' inotexi9t at, ailiardt' lis very weak .. However; lit' was 
obser,red in isoone twins that the cOffipQsitian surface (":t1wm plalne") j,s deve1o!peci 
as ,the induction SIlIl'f.a·oo (GRlGORYEV & ZHABIN 1975). This ,sitliation iLs especial[y 
common lin the, twins of gypsum (CAHN1954), as for exaIIljple m the ,1att"ge 
MediteriI'anealIl OIIleB in which the .composition surfaces ("if;wm jUlIlctians") are visible 
a.s the diiS1liJn.ct joiln:ts .(ORTI tABoO & SHEARMAN 197'7, SHEA.RMAN &ORTI 
CAB0197:S) . . . ' ,. . ' " 

. ,. 
The intergrowths .gr~w and spread faster both upwardly and laterally 

alOng the comp~ition , ~urfa{!e "reaching the hahit appearently flatte~ed 
parallelly to it: Su~ pehavior is quite similar to that ,observed in many 
contact twins,. flattened ~rallelly to their twin planes,i.e. to th.eir~,om

p~ition surfaces ' (BEC~E, 1~i1; fide HARTMAN 1956).. These regular:iti.es 
can be explained by acting of the, re-entra.nt angles which are. 'placed 
near the composition surface of some contact twins, as for example m~ 
the classical swallow.,.tail twins of gypsum (see GRIaORXEV & , _ZHA~U~" 
1975). Some ·ofthese angles are the sources"of the growth layers on.the 
~rystals fa·ces forming a re-entrant angle (see e.g. SEAGER 1953, p. ' 21). 
This is because at the edge of su{!h an angle the molecules are bound 
into a crystal lattice easier than on the flat crystal face (HARTMAN 
1956, GRIGORYEV & ZHABIN 1975; see a}soGOTOI968). Th.Us,such 
twins and similarly the investigated intergrowths, which have the re~ 
-entrant angles near the composition surface; g.rew favora:bly faster in 
direction of thiB angle. 

The re-entrant angles both of the swallow-tail twins of gypsum and 
.of the investigated intergrowths are always opened upwardly' f:vom the 
depositional surface. This 'behaviar of gypsum twins is known as tlhe 
rule of Mottura (see SHEARMAN & ORTI.CABO 1978; for exception 
of this il"ule, FLETCHER 1911). This rule can be explained similarly as 
the regularities noticed 'in tirUsesin whichparticular~ cryStaJ.sare·:usually,. 
set: up nearly: paraiIelly and with ' th~irlongestdimEmsion · perPendicular·' .. - . :~ . . . . . . ... " '. . ..". , .. ,. ~ ... ' ... 
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to the surface <>f growth. Such an · orientation of the crystals results from 
theirooinpetition for free space. The crystals gr<>wing faster in the 
direction perpendicular- to the depositional surface forerun the by-chance 
priented individuals and, at the end, attain mutually parallel orientation 
(see BUCKLEY 1951, GOTO 1968, GRIGORYEV & ZHABIN 1975, 
SHEARMAN & ORTI CABO 1978, POPOV 1984). It was testified above 
that the re-entrarit angle of the gypsumintergr<>wths and swallow-tail 
twins is opened in the direction <>f their quickest gr<>wth. 

TIME OF ORIGIN OF THE GLASSY GYPSUM . 

Rare occurren<:es of sedimentary strudures in the glassy gypsum, 
some of which have already heen reported (see GA WEt; 1955, SCHREI": 
BER 1978, Bi\BEL 1984), allow to discuss the time of origin of those 
giant crystals. The most itnpressive of such structures are presented 
hereafter. ' . 

In the layer.of the glassy gypsum, especially near its tOlP, flat or 
slightly wavy horizontal fissures occur (PI. 4, Fig. 3; PI. 8, Fig. 3; PI. 13, 
Fig. 1). Their wavy shape is in ac<:ordance with the surfaces of the 
simultaneous grOlWth ·of the crystals. These fissures, filled with clay, 
are interpreted as the corrosion surfaces which mark the episodes of 
synsediffientary dissolution of the crystal apices (see SCHREIBER 1978; 
DRONKERT 1985, p. 202)~ Most frequently, the crystals grew up from 
the oorrosion surfaces in a crystallographic continuity (syntaxially), but 
sporadically ' a new generation of the crystals developed. A syntaxial 
growth easily obliterated the corrosion suriaces, and thus these surfaces 
do not tc.rm continuous horizOns. A synsedimentary diSsolution of the 
glassy gypsum was pootulated earlier by GA WEt. (1955) who assumed 

. ~ . '. 

Fig. 5. Tylpicad hollows OOtween er:roded and eor-roded apices of :tihe Opsum c:ry$ll 
inter growths, which a:re filled Mth clay and f:ragiments CIf broken aJnd OOlTodeid. 

gypsum CIl"ystais at the top of the ~ gypsum (see PI. 13, Fig. 2) , 
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1 - HorirontaJ ()OC["osion su["fa,ce cross-<:uttilng orYlstal's of .golaSiSY gypsll!Ill; }.ocaUty 
Mal1"z~cil!1 

~ - Eroded all1d corroded tqps'lu:farce of glassy gypsum on which la!I1ge, brolren 
and Ireworked gYlPs'Um crystals lay being redeposited bySltOl"m agitation; 
-locaUty 8iele<: Rzetdowy 

J 
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1 - Thi:n..,g,rained Iaminat·ed :gypsum {white) fHliing i:nterna'l spaces 00£ one rramge 
,skeletal cry.stal (dark); on some :gYPl~um larrninae new gener.atiCll1S 01' c.ry,sta'ls 
(arrowed) igrew -'U/PwaI'd fromearli-eT detrital precursors; locali.ty Ga.ciki 

2 - BCllse sUJrfa,ee of -glassy gypSlum Iyinrg oR'lmols't d'ilrect-Iy Olll hard surbls.trate! of 
Upp.er C:reta-oeOlUs ma,rls (Cr); I-ocaUty Wola Zagojska 
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th~tthe highly concentrated brine with a greater amount of NaCI , in 
time of the successive evaporation became a corrosive agent foo: the 
earlier precipitated gypsum. Similar corrosion surfaces in recent salt 
lakes originate from dilution of brine, for example due to increasing 
rainfalls (see WARREN 1982), or from the existence of very thick algal 
mats coucx:lingthe underlying gypsum crystals (see FERSMAN 1919). 

The evidences of corrosion are especially numerous near the top of 
the glassy-gypsum layer. In some places, on the top surface between 
the , corroded and/or eroded ~pices of the inteJ:igrowths, there appear some 
hollows filled with clay and fragments of broken and corroded gypsum 
crystals (Text-fig. 5). These hollows, noted by SCHREIBER (1978), 
evidently indicate the primary nature of the glassy gypsum (see HARDIE 
& EUGSTER 1971). The hroken crystals, usually cm-sizes, but sometimes 
even up to 30 cm (see PI. 13, Fig. 2), seem to be tom out of the bottom 
and1Jransported at a short distance probably by storm agitation. The 

. crushing of the crystals was facilitated by the existence of ' numerous 
corrosion surfaceS near the top surface of the glassy~gyPs~ layer. 

Sporadicillly, there are some intercalations of the thin-grained gypsum 
, in the glassy gypsum (see PI. 12, Fig. 2). The thin-gypsum crystals fill 

free spaces in the skeletaUy developed intergrowths. In these fillings 
thin, newly generated horizons of the gypsum crystals grew upward 
(see PI. 14, Fig. 1), being created from the earlier ooze. 

The layer of the glassy gypsum covers various kinds of the substrate. 
Where :the underlying deposits were compact ,and ' lithified, the base o~ 
the g'lassy gypsum is smooth (PI. 14, Fig. 2). In places where the glassy 
gypsum lie on the soft marly and glauconitic clay, large convexities 
separated by hollows filled with strongly defonned and folded clay 
often :occ'ur at the base {PI. 15; see also Bl\BEL 1984}. The convexities 
havirig"t he flattened top parts reach sometimes 3 m in width. They 
ori.girlated from the sinking of the patch-like groups of the crystals into 
underlying soft and unconsolidated clay. ' The sinking was evidently 
asso,ciated with a diapiJric squeezing of the clay (Text-fig. 6). Similar 
io~d' ~ttllctures, although different in shapes and sizes" occur numerously 
iIit~Mediterranean gypsum (mamelloniof VAI & RICCI LUCCHi 
1977,; ,1!-'!Lcleation cones of DRONKERT 1978, 1985j LO CICERO & CA-: 
T;A,LANO:1978j super-cones of DRONKERT ~985j stellategypsumdusters 
of SCHREIBER1978) and in _ the layers of the Nida c;:;.ypsum huilt of 
the sabre-like crystals (see Bl\BEL 1985, 1986). 

Finally, it is to note that ,any horizontal lamination within the glassy 
gypsum, and reflecting the zones of simultaneous growth of the crystals, 
excepFof -some: sporadical situations (see PI: 3, FIg, l , and PI. 9, ': Figs 
r;:' "2), '.~ ~p~c~i~Ellly, inv:isibl~, 
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The, laGk of q.ny: distiJ"ct laminaUon gave . even a rel;lson , t,o . the 
opjn~oris .that the glassy' gyps1JJIl was, s~o;nd,ary, and it had geen~o~ed 
by , diag~etic . recrystallization of the prymary gypsw:n . ooz~ (see review 
inBA,BEL 1984). As, evidenced in this paper, the lack,o!f ' anyJa:miriat~6n 
~ " '.. . ,- -. . . . ", - .,' . . . 

':\. 

a 

Fig. 6. Interpreted ,stages 'Of the sinkJing of gypsum CTystails. grow:mg as gr~ 
or patches,!iJnrto muddy i9Ilbstrate with associated diapirIc squeezing Ofolay (see 

, . Plo '15, Figs 1~2) .' , .. , ' ,. ... ' , .. , ' 

res1Jlts ,from ' the inorphology of the ' crystal . apices which led to the 
distribution of clay"inclusionsnotaJong synchronous growth zones but 
along the induction surfaces and the boimdaries between the subcrystals. 

Summarizing, . it is to emphasize that the giant gypsum crystals ., in 
the Middle Miocene (Badenian) evaporitic sequence of southern Poland 
grew on the bottotn, directly from the basin brine ' without any' ooze": 
-grained preCursors. Such direct . crystallization of the glassy ' gypsum 
was properly recognized long ago'by KREUTZ (1925) and his ' inter
pretation, advanced hy GAWEl. (1955), RADWANSKI (1969, 1985), 
SCHREIBER (1978) -and others (see BJ\BEL · 1984, 1985), is now in 
accordance With " observations of many Recent evaporitic environments 
(see HARDIE&EUGSTER 1971, SCHREIBER 1978, WARREN 1982) . 
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M. BĄBEL 

GENEZA WIELKICH KRYSZTAŁÓW GIPSU 
W OSADACH MIOCE~SKICH ZAPADLISKA PRZEDKARPACKIEGO 

(St:reszczenie) 

P,rzedmiOl1;em pracy jest _ analiza slPosobu, wwootu olJ.'az czasu powstaw.ania wie1-
kiJCh (ooiągający,ch 3,5 m wy'SOtloości) kTys21tałów gipsu tworzących poIkład tZ;W. 
gipsów szklicowych ;w spągu mioceńskiej formarcji eWaIP.O!t"atowej wykształconej 

wzdłuż północnych rubieży Za/padllisika Pmedkarpackiego. Głipsy te, będące ooika~
nym zjalWiJSkiem Pll.'zY!l'odniczym (por. KREUTZ 1925; GAWEŁ 1955-; RADWALIisKI 
1969, 1985; BĄBEL 1984, 1985), u2'lnlawano zwykle za kryształy zbiiŹ1ll.iaczone typ,u 
"jaskółczych ogonów". Szczegółowa analim k!1'ysta].ograficzna okazóW (pOChodzących 
główrue z odsłonięć llUl połudltli.owych stOIkach Gór . Swiętokrzyskich (patrz fig. 1-6 
ora'z pl. 1-15) w.s!karuje jednalk:, iż krys'ztały te nie tworzą prawdziwych bliźnia
ków, aecz jedynie ':;ij>eCyficme zrooty podobne do bliźnialków kontaktoWych wedłUg 
ś'ciaJIlY 1-01. Na jpOdsltatwtie wewnętll'.zny,ch StriUlklbur iW'z.l'O'St.u oraz mch'Owa:nej gdzie
niegdzie mo.rfQlogld kIl'y.sz:tałów odtwOll.'ZOlIlo sposób ' JPl'zestrzennego rozwoju tYlCh 
zrostów. Górna powie!t"2lCIhnia kryształów w po'szczególnych zrostach zbudowana 
była z wielu równoległych ooczewkowatych sU!bk!1'yjSztałów, !kt6lre miały swoje 
ostre . krawędzie ~erowane skośnie lm górze. Opadający z toni ił, gromadzą~y 
się w zagłębianiach /POwierzchrui Ikry,ształ6.w, był lPII'efelJ.'eIllcyjnie p.rzechwytywany 
w2ldłużgranic .pomiędzy soczewkowatymi subkryształami i tW'O!t"zył smugi usytuo-
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wane ISkoSln.ie do powierzchni WlM"stwowania. Ro~ma:ite stirulktU['y sedymentacyjne, 
chot!. rOZlPOmalWa[;ne w n:iekt6rych tyqko odsrom~ach, swiadczll 0 pierwotnej ge
nezie [l",oozwaianych zrost6w, SIl to m.in.: powiell"zchnie Ilrorozyjne, nagtt'omadzenia 
skorodowanych i re<iE!!POOoW1BlllYICh k!l'ysrz:ta16w, oraz :stroktury obcillZen.iowe zwill-
7A1IIle z poga'z~zaniem k1rysztalaw 1l"0000Q/cych na mwistym dnie. Analiza wszystkioh 
cech ;struktumlnyeh tych wielikich krys7Jtalaw gipsU' ws:kazuje, iZ wzrastaly 0IIl.e 

be1JPom-ednio na dnie zbiomika .poCHegajllcego ewaporacji. Ic!h :r.ozw6j odbywal 
si~ poprzez 'sweletowy l1ozrO/Slt Ikl'y.sztalaw, ktfuych wier~chcHki wystawaly iponad 
przeci~tnll pow:ierzchni~ dna, bez udzialu precypitatu w ipostaci mum ~sowego. 
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