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Introduction

Cristobalite is a common autigenic mineral in
bentonite clays of different genesis — hydrothermal,
hydrothermal-metasomatic or diagenetic/catagenetic
formed as a result of devitrification of volcanic glass
in the process of argilization of acid or intermediate
volcano-sedimentary rocks. The close association
between montmorillonite and cristobalite in the finest
fractions of bentonites has been firstly described by
Ross and Hendricks (1945), and discussed later by
many authors (Foster, 1956; Elsea, Rice, 1996, and
others). The fact that the two minerals are physically
inseparable is well known and a closer relationship,
than a simple mineral mixture between them, has been
supposed (Nemecz, 1981).

Cristobalite has been described by AranacoB u
Iopanos (1963), Aranacos u np. (1964), Araracos
u ap. (1965) u Aranacos u ap. (1965?) as one of the
main non-clay autigenic minerals in the bentonite clays
from the Palaeogene volcano-sedimentary complex
in the East Rhodopean-Upper Thracian Palaecogene
depression.

The aim of the present study is to justify the
structural state of cristobalite impurity in bentonite
clays from several Bulgarian deposits and to
characterize the montmorillonite-cristobalite associa-
tion in the clay fractions using powder X-ray
diffraction (XRD) analysis and transmission electron
microscopy (TEM).

Materials and methods
Five samples were studied as fractions below 2 um
separated from suspensions of bentonite clays: the
two varieties of the Kardjali bentonite clays - SB
(grey-bluish) and SY (yellow-green), and three white
bentonite samples — SW-1 (Enchetz vilage, Kardjali
district), SW-2 (Dimitrovgrad), and SW-3 (Zlatna
livada village, Chirpan district).

XRD analysis of the samples was performed on
DRON 3M diffractometer with a horizontal Bragg-
Brentano goniometer using Ni-filtered Cu-K,

radiation (40 kV, 28 mA). A step-scan technique was
applied to disoriented samples prepared after the
technique of Petrov and Kirov (1979), with a step of
0.02 °2@ and 3 s per step in the range 10 - 50° 26,
The positions of reflections were determined by fitting
the XRD patterns and using the Winfit software
package (Krumm, 1994).

TEM observations and electron-diffraction study
were performed using a Philips EM 420T, equipped
with an EDAX 9100 attachment for elemental
analysis of the samples.

Results and discussion

The fractions studied consist mainly of montmo-
rillonite; cristobalite and calcite present also as
impurities in all the samples (Fig. 1). The content of
cristobalite impurity ranges between 2-3 to 12 % wt.
in the Kardjali bentonites and up to 30 % wt. in the
white bentonite samples. As was established from
the XRD-patterns, cristobalite is represented only by
two reflections — at 4.06 A and 2.50 A. Such
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Fig.1. Powder XRD patterns of samples SW-1, SW-2 and
SW-3
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cristobalite has been called anomalous by Nemecz
(1981). Profile fitting of the diffraction patterns in
the range of 19 to 24 26° (Fig. 2) shows the presence
of two diffraction maxima: the first is at about 4.15
A, broadened and diffuse, corresponding to the
disordered opaline matrix or opal-A; and the second
is at 4.05-4.06 A. This peak position, shifted from
4.04 A (which is characteristic of the d,y, of a-
cristobalite) to higher values, is sufficient to distinguish
opal-C from a-cristobalite. Such a pattern has been
described as typical of the microcrystalline variety of
hydrous SiO, - opal-C (Smith, 1998; Elsea, Rice,
1996). According to the accepted classifications
(Jones, Segnit, 1971; Florke et al., 1991), the cristo-
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Fig.2. Profile fitting of the powder XRD patterns of sample
SW-1

balite from the studied clay fractions of bentonite might
be related to the category of opal-C.

The close association between montmorillonite and
cristobalite in the clay fractions is well observed with
TEM (Fig. 3). Montmorillonite is represented by
isomethrical or slightly elongated particles with “cloud-
like” diffuse outlines or curled edges. Cristobalite
appears as submicrometric-sized platy grains
clustered onto montmorillonitic flakes. Electron probe
microanalyses of the montmorillonite-cristobalite
“aggregates” show that their chemical composition
is predominantly SiO, (up to 90%). Other components
such as Al, Mg, Ca, Fe, are characteristic of the
montmorillonitic “support”.

Fig.3. Bright field TEM image of montmorillonite/
cristobalite association in fractions <0.002 mm ofbentonite
clays: M —montmorillonite; Cr — cristobalite.

Fig.4.(a,b,c) SAED images of montmorillonite-cristobalite association
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The most common selected area electron diffraction
(SAED) images, which were obtained from the
“aggregates” described above, consist of polycrystalline
diffraction maxima of montmorillonite along the [001]
direction and additional spots along the rings
corresponding to dy;; of about 4.1 A and 2.5 A
(characteristic for low cristobalite) along the [111]
direction (Fig. 4 a). In some SAED images breakage of
the polycrystalline rings of cristobalite is observed up to
forming discrete spot maxima, corresponding to the
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MOHTMOPWIOHHUT-KPUCTOBAJIMTOBA ACOIIMALIMA B BEHTOHUTOBHU

IJIMHU OT BBJITAPCKHN HAXOUIIIA

Anbena Unuesa, Bupeun /umos

KpucTobanuThT € earH OT Haif-duecTo cperia-
HHUTE aBTOTCHHHM NMPUMECHW MHUHEpaid B OEHTO-
HUTOBH TJIHHU C XHIPOTEPMAJICH, XHIPOTEPMaITHO-
IuareHeTeH, JNareHeTHO-KaTareHeTHO MPOU3XO]I.
OO6pasyBa ce B pe3ynTaT Ha MpoMsHaTa Ha
BYJAKAHCKOTO CTHKJIO IPH apTIIIH3AIUs Ha KHCETH
U CPETHOKHCENHN BYIKAaHOTCHHO-CEIUMEHTHU
ckanu. TsAcHaTa aconuamus Ha KpUCTOOaIHWTa C
MOHTMOPHUIIOHUTOBY MHHEpaIN B Ha-QuHHTE
¢pakuu Ha OEHTOHUTOBUTE TJIUHHU Ce OTOENsI3Ba
3a mbppBU BT OT Ross & Hendricks (1945) u e
JTUCKYTHPaHa MO-KBCHO OT MHOTO H3CJIeI0OBaTENH.
Nemecz (1981) mpennonara opueHTHPaHO HAPACT-

BaHE Ha KPHUCTOOAIMTOBUTE KPHUCTAIUTH BBPXY
MMOBBPXHOCTTA HA MOHTMOPYJIOHUTOBHUTE YACTHUIIH.

KpuctobanuTthT € onmmcaH KaTo €IWH OT
TJIABHUTE aBTOTEHHHM HETIIMHECTH MUHEpalu B
Kbpmxanuiickute 06 HTOHUTOBY IITHHY (ATaHACOB,
l'opanos, 1963; AranacoB u np., 1965%), 06-
pasyBaHM B Tpolleca Ha apruiin3amus Ha Cpe-
HOKHCEIN BYJIKaHOTEHHO-CEIMMEHTHHU CKalH,
KaKTO W B OeianTe OCHTOHHTOBM TUIMHU C JHA-
TeHEeTHO-KaTareHeTeH MPOM3X0J OT HaXOAWIIaTa
Kpaii JlumutpoBrpan u c. 37MaTHa JHUBaja,
Uupnancko (AraHacoB u ap., 1964; Aranacos u
ap., 1965).
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B nactosmara pabora Ha 6azaTa Ha M3CIen-
BaHUSl B TPAHCMUCHOHEH €JIEKTPOHEH MHKPOCKOI
(TEM) u pentrenogudpaxunonet ananus (PIA) na
¢paxunu nox 0,002 mm, oraereHH OT OEHTOHUTOBU
DJIMHH OT HAKOHM OBJITapCKU HaXOAUILA (CHBO3EIICHUTE
OenToHuTH, Kbp/rkanuiicko u 0enure OEHTOHUTH OT
Haxomuiata npu c¢. Enven, Kepmxanuiicko, kapuepa
“Iypxana”, JJUMUTpOBIpaJICKo U C. 37aTHA JINBAJA,
YupnaHcko), € YTOYHEHO CTPYKTYPHOTO ChCTOSIHUE
Ha KpUcTOOanuTa W € M3clelBaHa MpUpoAaTa Ha
MOHTMOPHIIOHUT-KPUCTOOAINTOBATA aCOLMALIUS B
TX. ChABpKaHUETO HAa KPUCTOOATUT Bapupa oT 2-
3% no 12% tern. B rmuHecTUTEe Ppakuuu Ha
Kepmxanuiickute 6eHTOHUTH 1 OT 0KoJio 15 10 30%
- B 6enure. Ha nudppaxrorpamute OT HEOpUEHTHPaHU
npenapaTd, U3TOTBEHU OT DIMHECTUTE (ppakuuw,
KpUCTOOAJIUTHT € MpelcTaBeH ¢ JBa pedrekca —
1ipu okon10 4,06 A 1 2,50 A Upes cThIkoBo ckanupane
U npopunHo GUTBAHE HA OUPPAKTOTPAMUTE B
obnactTta ot 19 10 25° 20 € yTOUHEHO CTPYKTYPHOTO
chcTOsiHUE Ha cBoOomHUs Si0, B MHKPOHHHUTE
¢pakuun. ChINIaCHO BB3NPHUETUTE KIACH(PHUKALIMH
KpUCTOOQIUTHT B M3CIEABAaHUTE MPOOM ToNaaa B
kareropusta Ha onai-C. Habmionenusara 8 TEM
MOKa3BaT, 4e TOH € MpeAcTaBeH moxa ¢opMara Ha
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3bpHa ¢ CYOMUKPOMETPUYHH pa3Mepud U PuHO-
MJ04YecT XabuTyc, MoJeNHadd M0 MOHTMOPHIIO-
HUTOBUTE YacTULU. EJIGKTpOHHOCOHAOBUTE MUKPO-
aHaJIM3M Ha TaKWBa ,,arperaTu’ MOKa3Bart, ue Te ca
usrpajeHu ocHoBHO ot Si0, (1o 90%), ocraHanuTe
komrioHeHTH (Al, Mg, Ca, Fe) ca xapakrepHu 3a
MOHTMOPUJIIOHUTOBHS ChCTAB.

Haif-yecto HabmronaBaHuTe 00pas3u Ha ENEKTPOH-
Ha audpakus, MoIy4eH! OT TOPEONUCAHNTE ,,arpe-
raTi’, ce ChbCTOST OT MOMMKPUCTAITHA AN PAKIMOHHH
MaKCUMYMH Ha MOHTMOPHJIOHUT 110 HampaBjieHUE
[001] 1 Ha kpuctobanuT o Hanpasnenue [111]. B
pelKH Cilydyad MOJIMKPUCTAHUTE MaKCUMyMH ca
pasKkbCcaHM M IPEMUHABAT B TOYKOBH, KATO MOHTMO-
PHJIOHUTOBUTE 00pa3yBaT XeKCaroHu, a KpucTooda-
JUTOBHUTE CE pa3moyiaraT CAMETPUYHO HA MOHTMOPH-
JIOHUTOBHUTE B MpeEXkKa, ONHM3Ka 10 XeKcaroHajHa,
CHOTBETCTBAIIIa HAa MOHOKPUCTaTHA AU(PaKIIMOHHA
KapTHHa 110 HanpasieHue [111]. AHanu3bT Ha Te3n
I paKOHHNA KapTHHU PEATojara OpueHTHPaHO
HapacTBaHE Ha KPUCTOOATUTOBUTE KPUCTAIHUTH T10
MOHTMOPUIIOHUTOBUTE yacTulid. OpHeHTHPOBKaTa
Ha KpucTobanuTa e ¢ atToMHu papaun# (112), ycro-
pennu Ha atoMmHuTe paBHUHH (001)Ha MOHTMO-
PHUJIOHHUTA.



