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Abstract. One of clay minerals filling up vesicles in melaphyres at Lubiechowa was subjected
to various treatments involving saturation with Mg and K ions and treatment with ethylene glycol
and glycerol. It has been found that the mineral in question consists of chlorite and mixed-layer
chlorite/vermiculite. Using Mering’s method it has been shown that two types of structure are pres-
ent: the content of chlorite layers is 80% in one type and about 30%; in the other. The effect of
acetic acid treatment on the layers making up the structure of the mineral was also studied.

INTRODUCTION

Minerals filling up vesicles in melaphyres have been the object of mineralogical
studies over the past decades. Clay minerals in vesicles of the Lubiechowa mela-
phyres are represented by seladonite and dioctahedral smectite, but a dark-green
mineral forming fine-grained, compact aggregates has also been noted there. In some
vesicles this mineral has been found to change to a flaky substance of golden-brown
colour. Some other vesicles are filled up completely with such golden-brown flaky
substance. The results of the present studies suggest that these minerals represent the
successive stages of transformation of chlorite to mixed-layer chlorite/vermiculite.

Mixed-layer chlorite/vermiculites were discussed by Weaver (1956), Tamara
(1957), Ross (1975), Rossband Kodama (1976), Wiewidra and Iwasinska (1978),
April (1980). The stability of transitional vermiculite-chlorite complexes was also
studied (Harward et al. 1969, Carstea et al. 1970).

EXPERIMENTAL

Investigations were carried out on the golden-brown flaky substance occurring
in vesicles in melaphyres. To identify its constituent layers, the mineral was sub-

jected to the following treatments: ; :
— saturation with magnesium and potassium 10ns;
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__ saturation of the natural (“n”) sample and its Mg- and K-modifications with
glycol and glycerol; . ;
— treatment with 10% acetic acid to remove calcite, and the saturation of the

“a.a” (after acid) sample with Mg and K ions and then wit‘h glycol;

— heating of the natural sample and its Mg- and K-modifications at 110, 300,

450 and 500°C. _ :

X-ray analysis was made with a Rigaku diffractometer, using Nl-ﬁltqred CukS
radiation. The instrument settings were: U=30 kV I=20 mA, scanning speed
1°/min., chart speed 10 mm/min. All the analyses were made on oriented sampl'es.
Glycol and glycerol vapours were used for saturation. Ton exchange was carried
out in 0.25 M MgCl, and KCI solutions at 70°C, changing the electrolyte several
times. The experimental conditions were the same for all samples.

RESULTS

The above investigations suggest that the mineral studied consists of chlorite
and mixed-layer chlorite/vermiculite. This can be inferred from the effects of sa-
turation with Mg and K cations and organic liquids, which are shown in figures.

In the X-ray diffraction pattern of the untreated sample (Fig. 1), the reflections
are not single but multiple. Moreover, the distribution of their relative intensities
is typical of neither chlorite nor vermiculite. Glycol saturation separated several
reflections into lines arising from a non-swelling phase and ones produced by a swell-
ing mineral. The lines of the non-swelling mineral are sharp, single and form an
integral series. They correspond to chlorite. The swelling mineral displays broad,
usually multiple reflections forming a non-integral series.

Glycol saturation has also revealed the presence of mixed-layer structures.
A broad, not very intense line d =29—30 A appeared, these vaiues being closed to
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Fig. 1. X-ray diffraction patterns of oriented samples
a — natural sample (“n”), b — “n” sample saturated with ethylene glycol, ¢ — “‘n’” sample saturated with glycerol
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Fig. 3. X-ray diffraction patterns of oriented samples
a — natural sample “n”’, b — K-modification of natural sample, ¢ — K-modification

of natural sample saturated with ethylene glycol, d — K-modification of natural sample

Fig. 2. X-ray diffraction patterns of oriented samples.
@ — natural sample “n”’, b — Mg-modification of natural sample, ¢ — Mg-modifi-

cation of natural sample saturated with ethylene glyco!, d — Mg-modification of natural

saturated with glycerol

sample saturated with glycerol
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Fig. 5. X-ray diffraction patterns of oriented samples

Fig. 4. X-ray diffraction patterns of oriented samples

“a.a.”’ sample, b — Mg-modification of “a.a.’” sample, ¢ — Mg-modification of

“a.a.” sample saturated with ethylene glycol, d — Mg-modification of “n’’ sample

b — acetic acid-treated sample “a.a.”’, ¢ — “n’’ sample satu-

rated with ethylene glycol, d — “a.a.”” sample saturated with cthylene glycol

s
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a — natural sample

saturated with ethylene glyco!

the sum of d,,+d,. This reflection testifies to the presence of regular mixed-layer
structures chlorite/vermiculite.

After saturation with magnesium ions (Fig. 2), the mineral becomes better or-
dered. The angular breadth of reflections decreases and the intensity increases.
The Mg-modification of untreated sample readily absorbs glycol and glycerol mo-
lecules. A reflection from mixed-layer chlorite/vermiculite is pronounced in the low-
-angle range.

After incorporating potassium ions in its structure (Fig. 3), the mineral studied
yielded a diffraction pattern that was a set of separated reflections. The introduction
of potassium ions into the interlayer spaces of the vermiculite structure results
in the stronger linkage between layers and has a “contracting” effect. Due to this,
the structure of vermiculite collapses, which is reflected in the reduced interplanar
spacings. After the incorporation of K ions, some reflections did not change their
position, forming an integral series of the basal spacing 14.6 A, corresponding to
chlorites. Besides, there appeared reflections with the spacings different from those
of untreated sample. The first-order reflection of the collapsing phase shifted to
13.6 A. Tt is generally held that the contraction of pure vermiculite layers manifests
itself in the reduction of the interplanar spacing from d = 14.4 A to 10 A. The value
of 13.6 A obtained for the sample studied testifies to the presence of structures
consisting of contracting (vermiculite) and non-contracting (chlorite) layers.
The K-modification of the sample retains swelling properties. The contracting phase,
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Fig. 6. X-ray diffraction patterns of oriented samples

a — “a.a.” sample, b — K-modification of “a.a” sample, ¢ — K-modification of “a.a.” sample saturated with ethylene
glycol, d — K-modification of ‘“n” sample saturated with ethylene glycol

71



vermiculite, admits organic molecules into the interlayer spaces, causing the 13.6 A
reflection to shift to 16.0 and 16.4 A. _ '

The swelling properties and ion-exchange capacity of a_sampl.e treated with
acetic acid were studied. From X-ray diffraction patterns (Fig. 4) it appears that
the acid-treated (““a.a.””) sample shows worse swelling properties that the untreated
sample. The results of saturation of the “a.a.” sample with Mg ions and glygol
are presented in Fig. 5. It is evident that either its swpl!mg properties have deterio-
rated, or that it contains fewer layers capable of admitting organic molecules. After
saturation with K ions and glycol (Fig. 6), the “a.a.” sample showed a stronger
lattice contraction than the untreated sample “n”. The interplanar spacings were
13.6, 12.8 or even 10 A, remaining virtually unchanged after saturation w1t!1 glycol.
It seems that vermiculite layers have almost completely lost their swelling pro-
perties and the bonding of potassium in the interlayer spaces has become stronger
than in the untreated sample. e .

The dehydration of vermiculite entering into the composition qf mlxed-la}yer
chlorite/vermiculites was also studied. The untreated sample and its magnesium
modification show the collapse of the swelling phase at 500°C. A peak appears
at 12.3 A besides the chlorite reflection at 14.2 A. The potassium modification of
chlorite/vermiculite loses water molecules already at 300°C, which is in accordance
with anticipations as the magnesium cation has a stronger polarizing power and
forms stronger bonds with water dipoles than the potassium cation.

DISCUSSION

From the above considerations it appears that chlorite and mixed-layer chlorite/
[vermiculite are present in the mineral under study. This statement is borne out by
X-ray diffraction patterns, especially those of Mg— and glycol-saturated samples,
on which pronounced reflections appear in the low-angle range with the correspond-
ine d values of 290—31 A. The values are close to the sum of interplanar spacings
of chlorite and swelling vermiculite: 14.2 A+16.2 A = 30.4 A, testifying to the pre-
sence of regular mixed-layer chlorite/vermiculite with the pattern of order ABAB...

It is feasible that the sample studied also contains mixed-layer structures dif-
fering in the content of chlorite layers. It will be remembered that the swelling
phase reflections are usually multiple and do not form an integral series. It seems,
therefore, that they may be attributed to irregular mixed-layer structures.

An attempt was made to determine the content of chlorite layers in mixed-layer
chlorite/vermiculites and to estimate the short-range order parameter. To this end,
Mering’s graphical method developed by Dric and Sacharov (1976) was used (Fig. 7).
Reciprocal interplanar spacings of the swelling phase of the untreated sample and
its Mg-modification were plotted onto a diagram with reciprocal interplanar spacings
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Fig. 7. Diﬁ"rz}ction peaks of glycol-saturated natural sample (x) and of glycol-saturated Mg-modi-
fication of natural sample (0), presented in reciprocal space (Mering’s method)
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of chlorite and swelling vermiculite. For mixed-layer chlorite/vermiculite the ranges
25— nl25-, and 2,_,/3,_, are sensitive to the type of order. If the short-range order
parameter S'= 0, then a reflection appears only on the 2,_,/2,_, line. However, if
S=1, two peaks appear, one on the 2,_/2,_, line and the other on the 2,_,/3,_,
line. In the case considered §'= 0, yet the approximation of all the points on the dia-
gram corresponding to reflections from the swelling phase by a single line is not
possible, as the points form two seemingly independent groups in the upper and
lower parts of the diagram. It will be noticed that double reflections appear on the
003,,/003, and 004,,/005, lines, and this fact may only testify to the presence of two
types of mixed-layer structures, one of which contains 80% and the other about
309 chlorite layers.

It has been found that treatment with acetic acid caused a deterioration of the
swpllmg properties of the mineral. It is feasible that under the influence of acetic
acid, the bmcite sheet in a large number of layers has been destroyed, and groupings
of magnesium cations coordinated by water molecules have formed in its place.
These new-formed, “fresh” layers show the features of typical vermiculite: they
have only insignificant, if any, swelling properties. They also undergo contraction
after accomodating potassium ions at the interlayer cation sites. The stronger lattice
contraction in the “a.a.” sample than in the “n sample is evidently due to the
increased amount of vermiculite layers.

The mineral studied represents a stage of transformation of chlorite to mixed-
-layer chlorite/vermiculites. The sample contains areas corresponding to the initial
stage of this transformation, where the content of chlorite layers runs up to 80%,
as well as areas representing an advanced stage of the process, in which the content
of chlorite layers is about 30%. Besides these irregular mixed-layer structures, regular
mixed-layer chlorite/vermiculite is present in the sample. It presumably owes its
origin to the transformation of aggregates of large chlorite grains.

Translated by Hanna Kisielewska
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Maria CZAJA

WYSTEPOWANIE CHLORYTU-WERMIKULITU W LUBIECHOWEJ
(GORY KACZAWSKIE)

Streszczenie

Badaniom poddano zlotobrunatny, tuskowaty minerat wystepujacy w pecherzach
melafiréw w Lubiechowej. Obserwacje makroskopowe i mikroskopowe sugerowaty,
ze jest on efektem procesu przemiany ciemnozielonego, zwartego mineratu — chlo-
rytu. Dyfraktogram prébki naturalnej nie byt typowy ani dla chlorytu, ani dla wer-
mikulitu.

W celu przeprowadzenia identyfikacji pakietéw zawartych w tym minerale za-
stosowano nastepujace zabiegi: nasycanie probki naturalnej glikolem 1 gliceryna,
nasycanie jonami Mg2* i K*, a nastepnie glikolem i gliceryna. Czynnosci te prze-
prowadzono takze dla prébki wezesniej odmytej w 109, kwasie octowym. Analizy
dyfrakcyjne wykonano dla preparatéw orientowanych.

Przeprowadzone badania wykazaly, ze minerat sktada si¢ z chlorytu i struktur mie-
szanopakietowych chloryt/wermikulit. Po nasyceniu cieczami organicznymi, a takze
jonami Mg2* i K+ cze$¢ reflekséw pozostata nie zmieniona. Odpowiadaly one chlo-
rytowi. Natomiast pozostate refleksy, czgsto szerokie i wielokrotne, byty bardzo czute
na rodzaj kationu wymiennego i przesuwaly swoje polozenie po nasyceniu jonami
potasu, a takZe cieczami organicznymi. Stwierdzono, ze refleksy te pochodza od
struktur mieszanopakietowych chloryt/wermikulit.

Stosujac metode Meringa oszacowano, ze parametr bliskiego uporzadkowania
dla tych struktur wynosi zero (S = 0). Potozenie punktéw odpowiadajacych ugigciom
od fazy peczniejacej, zwlaszeza na liniach 003,,/003, oraz 004,,/005, wskazuje, ze
istnieja dwa typy struktur. W jednym z nich udzial pakietéw chlorytowych wynosi
80%, a w drugim okoto 309%;.

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy preparatow orientowanych
a— prébka naturalna “n”, b — prébka naturalna nasycona glikolem etylenowym, ¢ — prébka naturalna nasy-
cona gliceryng

Fig. 2. Dyfraktogramy preparatéw orientowanych

a — prébka naturalna “n”, b — Mg — odmiana prébki naturalnej, ¢ — Mg — odmiana probki naturalnej na-

; sycona glikolem etylenowym, d — Mg — odmiana prébki naturalnej nasycona gliceryng
Fig. 3. Dyfraktogramy preparatow orientowanych
a— prt{bka naturalna “n”’, b — K — odmiana prébki naturalnej, ¢ — K — odmiana prébki naturalnej nasy-
cona glikolem etylecnowym, d — K — odmiana prébki naturalnej nasycona gliceryna
Dyfraktogramy preparatow orientowanych

a — probka naturalna “n”’, b — prébka po kwasie octowym ‘‘a.a-"’, ¢ — prébka “n’’ nasycona glikolem etyle-

nowym, d — prébka ‘‘a.a.” nasycona glikolem etylenowym

Dyfraktogramy preparatow orientowanych

S SRR i S e o Shii “a a *? :

e probka da a.”’, b— Mg 5 odmiana |‘)robk1 a.a.”’, ¢ — Mg — odmiana prébki “a,a.’” nasycona glikolem

o ylenowym, d — Mg — odmiana prébki “n’’ nasycona glikolem etylenowym
ig. 6. Dyfraktogramy preparatow orientowanych

a — prébka “a.a.”’, b — K — odmiana prébki “a.a.” i
2 .a.”’, ¢ — K — odmiana prébki ‘“‘a.a.” i
etylenowym, d — K — odmiana prébki “n” , St e

Fig. 4.

Fig. 5

: 1 ¢ iana nasycona glikolem etylenowym

Fig. 7. Ir?gge:.;(r:l)gnc maksima probki naturalnej nasyconej glikolem (x) oraz Mg — odmiany préobki
) nasyconej glikolem (o) przedstawione w przestrzeni odwrotnej (metoda Meringa)
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Mapvsa YAA

HAXOKJEHUE XJIOPUTA-BEPMUKYJIUTA B JIIOBEXOBOM
(KAYABCKUE I'OPBI)

Pesome

WcenemoBacst 30J10T0-6yporo MBeTa YelyiyaThiii MEHEPAJI, TIPUCYTCTBYFOLLIHMA
B my3bipkax menadupos B Jro6exoBoiif. MakpOoCKONMYECKHEe W MUKPOCKOIMYECKHE
HAOJII0CHS HABOIMIIM HA MBICIb, YTO OH SIBJIETCS PE3YJIBTATOM TpOoLecca U3Me-
HEHHsI TeMHO3EJIEHOTo IUIOTHOIO MuHepajia — Xjopura. [udpakrorpamma ecre-
CTBEHHOTO 06pa3sia He OblIa THIMYHA HY JUIS XJIOPUTA, HH U BEPMUKYIHATA.

C 1Leablo TpOBENeHHs MACHTH(DHUKAIMK IAKETOB, COINEPXKAI[HXCS B 9TOM MH-
Hepaie, PUMEHSIINCH CIIEIYIOINE OMepAli: HACHIICHAE CCTECTBEHHOIO obpasna
[JIAKOJIOM ¥ TJIMIEPUMHOM, Hachluenue MoHamu Mg?* m K*, a moToM rimKojaoM
M TIIALIEPHHOM. DTH AEHCTBYS MPOBOIMIMCH Takxke JUist 06pasia paHee MPOMBITOro
10% yxcycHoit xucmoroit. JAuppakuuoHHbIE aHAIA3BI IPOBEACHBI HA OPHUCHTHPO-
BaHHBIX TpernapaTax.

[IpoBe/IeHHbIE UCCIEIOBAHNS OOHAPYKMIM, YTO MHHEPAJl COCTOMT W3 XJIODHTA
M CMEIIAHHO-TIAKETHBIX CTPYKTYD XJIOPUT/BepMUKymuT. [locie HachIIEHHs Opra-
HIUECKAMY JKMIKOCTSIMH, 4 Takxke nonamu Mg?* u K*, yacTh OTpaxeHuil 0CTaIach
HemsMeHeHHOM. OHM COOTBETCTBOBAIM XJIOPHTY. OCTajbHBIC XE JIMHUM, 9acTO
IIMPOKME W MHOTOKPATHBIE, ObUIM HYCTBHTEIHHBI HA BHI OOMEHHOTO KaTHOHA,
M CHBUTaJIA CBOE IOJIOKEHHE IIOC]E HACBHINEHNS HOHAMM Kaus, & Takke OpraHu-
YeCKHMM JKMIKOCTSIMU. IKOHCTATHPOBAHO, YTO 3TU OTPAXEHHsS IPOUCXOIAT OT
CMeIAaHHO-TIAKETHBIX CTPYKTYP XJIOPUT/BEPMUKYJIIAT.

[TpumeHsst MeToX MepuHra, OLEHHBACTCA, 4TO NapameTp GJIMKHEro ymopsi-
JOYEHHST STHX CTPYKTYp coctaBisier Hyinb (S=0). Ilomoxenne TOYeK, COOTBET-
CTBYIOIMX JU(pakuui OT BCIYYMBAIOLIEHCS (Da3bl, C YACTHOCTH HA JIMHHUSX 003,/
/003,, a Takxe 004/005,, yka3pBaeT Ha CYIIECTBOBAHHC JBYX THIIOB CTPYKTYP.
B 0(HOM W3 HHX JOJIsI XJIOPUTOBBIX IAKETOB COCTABIIACT 80%, a BO BTOPOM OKOJIO

30%.

OBBbSICHEHUS K ®UT'YPAM

®ur. 1. JludpakTorpaMMbl OPHEHTHPOBAHHBIX MPEHapaToB
@ — ecTecTBeHBBIN 0Opazen “n”, b — CTECTBEHHBIH 00pu3el, HACHIUICHHbIH ITHIICHOBBIM ITHROJIOM, € —
ecTeCTBEHHBI 0Gpa3el, HACHIIUCHHBIH TIHICDHHOM

®ur. 2. JudpakTorpaMMbl OPHEHTHPOBAHHBIX MPENapaTon
a — ecrecTBenmbiil obpasen “n”, b — MoaudEKanAs eCTECTBEIHOTO o6pasua, ¢ — Mg-monnduranus ecre-
CTaeHHOro 06p43Ua, HACHILEHHOTO OTHJICHORBIM IJHKOJIOM, d — Mg-MonEbHKAIA €CTECTBEHHOro 06-
pazua, HACBHIIEHHOrO IIALCPHHOM

®ur. 3. JudpakTorpaMmMbl OPHEHTHPOBAHHBIX rpernapaTos
a — ecrecrBenHbIi oGpasen ‘‘n”, b — K-moubnkanus SCTECTBEHHOTO oGpasma, ¢ — K-monmudwraums ecre-

cTBeHHOro 006pa3ra, HACKLILCHHOrO ITHICHOBLIM rnukosioM, d — K-MommpHKauma ecTeCTBeHHOro obpas3sua,

HUCBIUIEHHOTO I'JIMUEPUHOM
®ur. 4. JudpaxTorpaMMbl OPAEHTHPOBAHHBIX IIPEIAPATOB ol

@ — ecTecTBeRHRiil oGpaser “n”, b — obpa3el mocne TPAKTOBKH YKCYCHOM KHCITOTO#M ‘‘a. a.”, ¢ —- obpa3sen

“n” HACHILIEHHBIN HTHIICHOBBLIM IJIHKOJIOM, d — ob6pasen ‘“‘a.a.”, HACHILLEHHBINH THICHOBLIM IJIHKOJIOM
®ur. 5. JduppakrorpaMMbl OPUCHTHPOBAHHAIX npenapaTos ok

a — obpasen “a.b.”, } — Mg-momudukanms o6pasua *a. a.”, c — Mg-mMommpusams oGpasna “a. a.”, Hackl-
G 9TH -

] = o
LEHHOIO HTHJICHOBBIM IJTHKOTIOM, d — Mg-momudukamus ofpasia “n -,
KOJIOM
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®ur. 6. JudppakTorpaMMbl OPHEHTHPOBAHHBIX NpeEIapaToB
a — obpasen “‘a.a.”, b — K-monuduxanns obpa3sna, “a.a.”, ¢ — K-momudnkaums obpasua ‘‘a. a.’’, HaCkI-

[EHHOTO ITHINEHOBRIM IIMKOTOM, d — K-Momudurammst oGpasua “n’’, HACBILICUHOI O ATHIEHOBBIM IJIHKOJIOM

®ur. 7. JudpaKHOHHEIE MAKCHMyMbl €CTECTBEHHOTO 00paslia, HACBIIEHHOIO IVIMKOJIOM (x)
a Taxke Mg-MOTHdHKAIMHE ECTECTBEHHOTO 00pasifa, HACKIICHHOTO TJIMKOIOM (0), mpen-
CTABJICHHBIC B OOPaTLOM IPOCTpaHCcTBe (MeTox Mepuira)



