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Abstract—Three samples of bluish chromium-bearing dickite and chromium-bearing kaolinite were examined by X-ray powder
diffraction, chemical analysis, electron microprobe, optical, and infrared techniques to determine whether chromium is part
of the mineral structure or present in an impurity phase. Two of the samples studied contain a single dominant chromium-
bearing phase (either dickite or kaolinite); the third contains equal proportions of both minerals. The optical absorption and
infrared spectra are consistent with the presence of octahedrally coordinated chromium. The range of Cr3*~AB* substitution
is rather limited: up to 0.06 atoms per unit cell. The electron microprobe study revealed the presence of very rare, minute grains

of chromite, as well as a uniform distribution of chromium in dickite and kaolinite, indicating that chromium occupies octahedral

sites in the structure of these minerals.
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INTRODUCTION

Enrichment of chromium is encountered in clays
formed by hydrothermal alteration of ultramafic rocks.
Some illites and smectites contain as much as 14.59%
and 13.74% Cr,0,, respectively (Maksimovi¢ and
White, 1973). Due to a lack of alumina in ultramafic
rocks Cr®* may substitute for Al** in octahedral posi-
tion.

Cr-kaolinite and Cr-dickite are exceptionally rare in
nature. Chromium-rich kaolin materials were discov-
ered in the argillic zone outward from an epithermal
sulfide vein in ultramafic rocks near Tesli¢ in Bosnia,
Yugoslavia. The argillic alteration zone was described
by Maksimovi¢ and Crnkovié¢ (1968). The chromium-
rich kaolin subzone is located closer to the sulfide vein
than is the smectite subzone, but chromium attains the
greatest concentration in the latter subzone. Alumi-
num, on the other hand, is most abundant closer to the
vein in the kaolin subzone, due probably to the different
dissolution pHs of Al- and Cr-hydroxides. With in-
creasing acidity from the neutral point, Cr(OH), begins
to dissolve at pH 5.3, whereas AI(OH), does not enter
solution until pH 4.1 (Britton, 1925). If the acidity of
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hydrothermal solutions were between these two pHs
for a long period of time, chromium would be selec-
tively dissolved from the solid phase. It seems, there-
fore, that conditions associated with formation of ka-
olinite and dickite enhance the geochemical separation
of chromium from aluminum.

RESULTS AND DISCUSSION
Materials

Three samples of bluish chromium-containing kaolin
materials were collected from the 12-m thick kaolin
subzone, which becomes more silicified close to the
sulfide vein itself. The samples are various shades of
blue or blue-green: Sample 2378 is grayish blue-green
(5 BG 5/2; Rock Color Chart, 1975) and contains 0.69%
Cr,0,. Sample 664 is pale blue-green (5 BG 7/2) and
contains 0.57% Cr,0O,. Sample 665 is very pale blue (5
B 8/2) and contains 0.26% Cr,0;. The intensity of the
color increases with the chromium content. Due to
variations in quartz content and to inhomogeneity of
the samples, the relation between mean index of re-
fraction and the chromium content could not be deter-
mined.

X-ray powder diffraction measurements

X-ray powder diffraction (XRD) patterns were ob-
tained with a Philips PW 1051 diffractometer using Ni-
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Figure 1. X-ray powder diffraction patterns of Cr-dickite and Cr-kaolinite from Tesli¢, Yugoslavia. CuKe radiation. D =

dickite; A = anatase; Q = quartz.

filtered CuKq radiation and a scanning speed of 1°26/
min. As seen from Figure 1 the XRD data show well-
crystallized kaolinite and dickite to be present in var-
ious proportions in all samples. According to line in-
tensity data, sample 2378 contains dickite as a major
component; sample 664 consists of kaolinite and dickite
in about equal proportions and a large amount of
quartz; and sample 665 contains kaolinite as adominant
phase, with only a trace of dickite (anatase was iden-
tified only in this sample).

The substitution of Cr3* for AP+ in octahedral sites
in Cr-halloysites caused an increase in the b-dimension,
as measured by the 060 spacings (Maksimovi¢ and
White, 1973). Although the 060 peak in samples of Cr-
dickite and Cr-kaolinite was recorded at high sensitiv-
ity, a similar shift of the 060 spacings of the three sam-
ples listed above was not established with certainty,
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probably due to the relatively small amount of chro-
mium present.

Chemical analysis

The chemical compositions of the kaolinite and dick-
ite are similar. Small amounts of various ions may sub-
stitute in the structure, but because of the fine-grained
nature of the clays it is difficult to be certain that all
impurities have been eliminated. The chemical analy-
ses of the three samples of dickite and kaolinite are pre-
sented in Table 1. Assuming that TiO, occurs as anatase
(detected by XRD in sample 665), chromium is the only
possible substitute for aluminum. This substitution is
facilitated by the similarity in ionic size (Cry,3* = 0.70
A: Aly#t = 0.61 A; Whittaker and Muntus, 1970).
Cr3*+—Al3+ substitution has been shown to exist in Cr-
halloysites and gives rise to a blue color of the samples
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Table 1. Chemical analyses of Cr-dickite and Cr-kaolinite
from Tesli¢, Yugoslavia.
Sample 664 Sample 665
Sample 2378 kaolinite + kaolinite +
dickite* dickite? quartz®
Si0, 4898 62.19 49.80
TiO, 0.33 0.10 1.60
ALO;, 36.83 27.83 35.89
Cr,0, 0.69 0.57 0.26
Fe, O,  0.09 tr tr
MgO
CaO tr
Na,O 0.03 0.06
K,0 0.02 0.02 tr
H,0+ 13.06 9.14 12.25
H,0- 0.33 0.25 0.35
100.36 100.16 100.15

Number of jons based on 9%0,0H) after subtraction of im-
purities.

Si 2.00 2.03 2.03
Al 1.98 1.9 1.99
Cr 0.03} 201 0.03} 2.02 0.01} 2.00
OH 398 3.73 3.85

! Sample 2378 = dickite with a small amount of kaolinite
and ~5% quartz.

2 Sample 664 = kaolinite and dickite with ~28% quartz.

3 Sample 665 = kaolinite with ~6.5% quartz and ~1.6%
anatase.

(Maksimovi¢ and White, 1973). Therefore, this substi-
tution might be expected to some degree in kaolinite
and dickite as well.

If all of the chromium is present as structural cations,
the range of Cr®*—Al** substitution in kaolinite and
dickite is rather limited—Iless than 0.06 atom per unit
cell. Halloysite containing the upper limit of approxi-
mately 1.00 Cr atom per unit cell was dark blue in color
in contrast to the pale blue-green color of dickite and
kaolinite containing approximately 0.06 Cr atom per
unit cell.

Trace elements determined by an emission spectro-
graphic technique are listed in Table 2. Except for 190-
310 ppm vanadium, most of the other elements occur
in very small quantities.

Table 2. Trace elements in samples of Cr-dickite and Cr-
kaolinite (in ppm).
Element Sample 2378 Sample 664 Sample 665
Ga 7 6.5 10
\Y 190 230 310
Cu 1 26 1.5
Ni 60 92 25
Co 35 4.5 t
Zr 23 ! 100
Sc 9 1 11
Mn 60 22 6

! Below detection limit.
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Figure 2. Electron micrographs and X-ray maps of sample
2378: a. Electron micrograph showing Cr-dickite (gray), mi-
nute grains of chromite (white), and quartz (light gray). The
length of the bar indicates 20 wm. b. Higher magnification of
part of Figure 2a. The length of the bar indicates 10 um. c.
CrKa X-ray map of area shown in Figure 2b. d. FeKa X-ray
map of area shown in Figure 2b.
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Figure 3. Optical absorption spectra of Cr-dickite (2378) and

Cr-kaolinite (665). .
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Figure 4. Infrared spectra of sample 2378, Cr-dickite, Teslié¢, Yugoslavia.

Electron microprobe study

Electron microprobe analyses were carried out by
means of a JEOL JXA-35 electron microprobe at an ac-
celerating voltage of 25 kV. A combination of back-
scattered electron images and searching by the char-
acteristic wavelength of chromium detected very rare,
minute chromite grains in sample 2378 (Figure 2). Apart
from the chromite grains themselves the X-ray map of
CrKa (Figure 3c) shows a uniform distribution of about
1.0% Cr throughout the dickite portion of the sample
and no traces of this element in quartz. The same results
were obtained for samples rich in kaolinite (664 and
665). Thus, the chromium in dickite and kKaolinite is not
present as a chromium-rich impurity, such as chromite,
but as a substitution in the mineral structure.

Optical absorption spectra

Optical absorption spectra between 350 and 750 nm
(28,570 and 13,330 cm™Y) of powdered samples were
obtained using a diffuse reflectance attachment and
Hilger Uvispek spectrophotometer with a quartz
monochromator. The absorption spectra of two sam-
ples examined are essentially identical (Figure 3). Ab-
sorption peaks at 410 nm (24,390 cm™!) and 605 nm
(16,529 cm™!) are similar to those found in several re-
lated chromium-containing samples and are fully con-
sistent with octahedral Cr3* electronic transitions.
There is no indication of tetrahedral Cr?*, which would
probably lead to noticeable absorption at about 685 nm,
as indicated by Bish (1977).

The absorption spectra show that Cr3* in Cr-dickite
(sample 2378) and Cr-kaolinite (sample 665) occupies
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only octahedral sites where it substitutes for Al3*. The
absorption bands are responsible for the blue-green col-
or of these minerals, similar to that of Cr-halloysites in
which Cr3* substitutes for AI** in octahedral coordi-
nation.

Infrared measurements

The infrared (IR) spectrum for sample 2378 (K Br pel-
let, 1 mg sample/300 mg KBr and 0.2 mg sample/300 mg
KBr) is shown in Figure 4. The predominant OH-
stretching frequencies at 3696, 3634, and 3622 cm~! are
typical of the three strong bands of dickite (van der
Marel and Beutelspacher, 1976, pp. 70-71; Farmer
1974, p. 335). In addition, a spectral feature unchar-
acteristic for kaolin minerals occurs at 3586 cm~! and
may be due to perturbation of the OH-stretching fre-
quency by the Cr®* in octahedral sites (see below). The
presence of dickite is further confirmed by the presence
and relative intensities of the bands at 1100 and 1120
cm™ (van der Marel and Beutelspacher, 1976). The
spectra of samples 664 and 665 show similar features,
but to a lesser degree.

Figure 5 shows the OH-stretching region for the three
Cr-containing samples. The OH-stretching frequencies
at 3696, 3654, and 3622 cm™! are dominant for sample
2378 (0.69% Cr,0,) with a very slight shoulder at 3670
and a small but distinct band at about 3586 cm™1. As
indicated above, these bands are characteristic of dick-
ite; the band at 3586 cm™' is well resolved upon 10 x
scale expansion and it may be associated with the oc-
tahedral grouping AIB*Cr3*OH in which Cr®* has an
effect similar to that of Fe3* (Farmer, 1974, p. 337). The
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Figure 5. Infrared spectra of OH-stretching region for sam-

ples 2378, 664, and 665.

substitution of Cr3* for AP+ in these samples is some-
what analagous to that in Cr-halloysite (Maksimovié
and White, 1973), but the extent of substitution is much
lower for the Cr-dickite and Cr-kaolinite (0.69% Cr,0,)
compared to 11.7% Cr,0, for the Cr-halloysite. The in-
tensities of the 3654 and 3586 cm~! bands of samples
664 and 665 decrease with decreasing Cr-content,
whereas the band at 3670 becomes better resolved. The
proportion of kaolinite increases as the Cr-content de-
creases as indicated by variation of the relative inten-
sity of the band at 3696 cm~! vs. the band at 3622 cm™.

Commenting on the structural differences between
kaolinite and dickite, Bailey (1980) stated

**Kaolinite and dickite both are based on the 1M stacking
sequence of layers, and would be identical if trioctahedral.
In kaolinite the vacant octahedral site is in the same place
in each layer, and can be located at site B or site C in Fig.
1.3. In dickite the vacant octahedral site alternates between

https://doi.org/10.1346/CCMN.1981.0290307 Published online by Cambridge University Press

Chromium-bearing dickite and kaolinite from Yugoslavia

217

B and C in successive layers to create a 2-layer structure.
The alternation of vacant sites creates monoclinic glide
planes parallel to (010) and balances the stress distribution
in the two layers so that the cell shape remains monoclinic
also. Thus, dickite can be considered as a regular alterna-
tion of right- and left-handed kaolinite layers, in one sense,
or as a superstructure of the ideal 1M polytype due to a
particular ordering pattern of octahedral cations and va-
cancies,”’

The presence of the slightly larger Cr3* ions in the ka-
olin structure likely increases the probability that there
will be alternation of vacant sites which favors the for-
mation of the dickite structure. Thus, an increase in the
proportion of dickite with increasing Cr-content was
observed.
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Pesiome—Tpu oOpa3ua CHHEBaTOro AUKHTA H KAOJNHHHTA, COAEPKAIIHX XpPOM, ObUIM HCCEOBaHbLI
OyTEM PEHTIeHOBCKOH MOPOINKOBOH AU(PaKUMH, XHMHYECKOTO aHAIN3a, PEHTTEHOBCKOTO MMKPOAHAIH-
3aTopa, OlITHYECKHX, H HH(PPaKpacHbIX TEXHUK, YTOOLI ONpENe/INTh, IPUCYTCTBYET JIH XPOM B CTPYKTYpe
MHHEpaJIOB MM KaK npuMmecHas ¢asa. [IBa M3 HMCCHeROBaHHBIX O0NA3LOB COAEPKAIH AJUHOYHYIO
npeobnajaomyio ¢asy, BKIOYAOIYI0 XpOM (AHKHT WIH KaOJHHHT); TpeTHH comep)Kal paBHble
nponopuud oboux MuHepasnoB. Ontuyeckas aGcopbuusa M MHpaKpacHble CNEKTPbl COOTBETCTBOBANM
TIPUCYTCTBUIO OKTAINPUYECKH KOOPAMHHPOBAHHOrO xpoMa. [Iuana3on samemeHust woHoB Cr®* noHamm
APB*, noxanyii, sBnfeTcs orpaHnyeHHbIM-—10 0,06 aTOMa Ha 3JIEMEHTapHYIO sdeiiky. Mccienosanmne
NpH MOMOIIM PEHTIEHOBCKOTO MHMKpOAHAIH3aTopa MOKa3ajlo NPHCYTCTBHE OYEeHb HEOOLIKHOBEHHBIX,
MEJIKHX 3€pEH XpOMUTa, a TaK)Ke OIHOPONHOE paclipele/icHHe XpoMa B [MKHTE€ H KaoJHUHHTE. DTO
YKa3bIBaeT Ha TO, YTO XpOM 3aHHMAET OKTajpUieCKHe MecTa B CTPYKType ITUX MuHepaJsioB. [E.C.]

Resiimee—Drei Proben von blau-gefirbtem chromhaltigem Dickit und chromhaltigem Kaolinit wurden
mittels Rontgenpulverdiffraktometrie, chemischer Analyse, Elektronenmikrosonde, optischen Methoden,
und Infrarotspektroskopie untersucht, um festzustellen, ob das Chrom in der Mineralstruktur vorhanden
ist oder als Verunreinigung vorliegt. Zwei der untersuchten Proben enthalten eine einzige iliberwiegende,
chromhaltige Phase (entweder Dickit oder Kaolinit); die dritte Probe enthiélt beide Minerale zu gleichen
Teilen. Die optische Absorption und die Infrarotspektren bestdtigen die Anwesenheit von oktaedrisch
koordiniertem Chrom. Der Bereich der Cr3*—Al3+-Substitution ist ziemlich begrenzt: bis zu 0,06 Atomen
pro Elementarzelle. Die Untersuchung mit der Elektronenmikrosonde zeigte sowohl das Vorhandensein
von sehr wenigen, kleinen Chromitkdrnern als auch eine einheitliche Verteilung des Chroms im Dickit und
Kaolinit, was darauf hindeutet, daBl das Chrom Oktaeder-Positionen in der Struktur dieser Minerale be-
setzt, [U.W.]

Résumé—Trois échantillons de dickite blevétre contenant du chrome et de kaolinite contenant du chrome
ont été examinés par diffraction poudrée aux rayons-X, analyse chimique, et microprobe a électrons et par
techniques optiques et a I'infrarouge pour déterminer si le chrome fait partie de la structure minérale ou
est présent comme phase impure. Deux des échantillons étudiés contiennent une seule phase dominante
contenant du chrome (soit la dickite ou la kaolinite); le troisieme contient des proportions égales des deux
minéraux. L’absorption optique et les spectres infrarouges sont compatibles avec la présence du chrome
coordonné octaedralement. L’étendue de substitution de Cr3+—Al%* est plutét limitée: jusqu’a 0,06 atomes
par maille, L’étude au microprobe a électrons a révélé la présence de trés petits, rares, grains de chromite,
ainsi qu’une distribution uniforme de chrome dans la dickite et la kaolinite, indiquant que le chrome occupe
des sites octaédraux dans la structure de ces minéraux. [D.J.]
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