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OCCURENCE OF ALUNITE AND NATROALUNITE AT VELIKI BUKOVIK (Raska, Serbia)

P. Tancic, V. Janezic
Geoinstitute, Rovinjska 12, 11000 Belgrade, Serbia and Montenegro

ABSTRACT. Alunite and natroalunite from Veliki Bukovik near Raska (Serbia) were determined. There were obtained following unit cell dimensions and
crystallochemical formulas:

alunite: a0=6976(1)A, Co=17295(6)A, V0=7290(3)A3, Colao=2.479; (Ko_sz(H30)+o1g)1 01A|303(So 9904)2(OH)6

natroalunite: 2,=6.981(1)A; co=16.884(6)A; Vs=712.6(3)A% colac=2.419; (NaosiKose(H:0) 0.12)101Als03(Sose0s)o( OH)s

Presence of the hydronium ion in the structures of these minerals indicate to the low temperature and low pressure of the formation, at acid conditions and with high
sulphate activity.

HAXOOWLLE HA ANYHUT U HATPOANYHUT NPU BENWKU BYKOBUK (Packa, Cbp6us)

[1. TaHuy, B. AHexuy
leonoxku uHcmumym, yn. “Posunapcka” 12, 11 000 benepad, Cvpbus u YepHa 2opa

PE3IOME. W3BbpLueHn ca onpefeneHus anyHuTa u HaTpoanyHuTa oT Haxoauiue Benmku Bykosuk 6nmso go Packa (Cbpbusi). Monyyenu ca cnegHuTe CTOMHOCTM 3@
eAMHINYHITE KpUCTanu W kpuctanorpadckin hopmynm:

anyHUT: ao=6976(1)A, Co=17295(6)/[\, Vo=7290(3)A3, Co/ao=2.479,' (Kovez(Haoyo_19)1_o1AI3_03(Sg_ggO4)2(OH)6

HaTpoanyHuT: a=6.981(1)A; c;=16.884(6)A; Vi=712.6(3)A% cv/ar=2.419; (NaosiKoss(Hs0)'0.12)10Al05(S0504)2( OH)s

MpucbCcTBMETO HA BOAOPOAEH 1OH B CTPYKTypaTa Ha Tesn MuHepanu e bener, ye ckanHoobpasyBalumTe npoLieck ca NpoOTEKMM NpU HUCKA TeMnepaTypa 1 HUCKO
HansraHe, B KMCENWHHM YCNOBMS NPy BUCOKA CyndaTHa akTUBHOCT.

Introduction model is actually centro-symmetric, i.e. that space group is
actually R 3m, and not R3m.
Alunite mineral group because of their characteristics and wide Sheridan and Royse (1970) presumed that diagenetic or low-
possibilities of ionic substitutions, inspired many researchersto ~ temperature alunites has part of the alkalies exchanged with
apply various investigations. the part of (H;0)" ions, while at hydrothermally alunites that
There were investigated their structure, chemical isn't occasion.
compositions, solid solutions, isomorphism, formation, industry Menchetti and Sabelli (1976) confirmed the variations of the
applications, synthesis, etc. unit cell dimensions, nevertheless cq-axis vary with the Na™-K*

Here we will mention some of the most important previous substitution, while ag-axis vary with the Al*-Fe* substitution,
investigations, and which are related to our. which was previously established by Brophy et al. (1962),

Crystall structure of alunite was first determined by Hendricks Parker (1962) and Brophy and Sheridan (1965).

(1937) at basis of the hexagonal unit cell with Z=3 and without They also confirmed that all of the solid solutions in the
the center of the symmetry. alunite, woodhouseite and crandallite mineral series belong to

Brophy et al. (1962) investigated solid solution between the the space group R 3m.
synthetic alunites and jarosites and established that Al**-Fe®* Vasic (1986) mostly with the DTA, TGA and chemical
ionic exchange induce small effect at the co-axis, but it analysis explored alunites at Veliki Bukovik (Raska, Serbia).
produces continual variation of the ac-axis. One of the most representative and pure samples from this

They constructed the diagram of the linear variation of the a, locality was chosen and in our paper investigated with the X-
and cp-axis by the AP* and Fe* content. ray powder diffraction analysis.

Parker (1962) investigated isomorphous substitutions at the Obtained results from the crystallographical parameters were
natural and synthetic alunites and natroalunites. It was used for the detemination of the ionic substitutions and for the
established that substitution of K* with Na* produces large comparison with the results of the chemical analysis and
variation at the c-axis, while ag-axis remains almost invariable. obtained crystallochemical formulas.

Also, it was represented the diagram of the a, and cy-axis

variation by the relative atomic content of the potassium and Applied methods

sodium, respectively to the alunite-natroalunite isomorphous

series. The X-ray investigations were performed with the automatically
Wang et al. (1965) confirmed the structure model which was diffractometer for powder PHILIPS, PW-1710.

represented by Hendricks (1937), but they emphasized that it's
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It was used long-focus (LFF), Cu-anode (U =40 kV and | =
30 mA), with monochromated Ka radiation (A = 1.54060A)
and Xe proportional counter.

Diffraction datas were collected in the angle range 26 from 4°
to 70°, with keeping back with 2.5 second on every 0.02°.

For measurement of the angle positions of the diffraction
maximums and their belonging intensities there was used base
program PW-1877.

Precision of the diffractometer was controled before and after
the experiment with the metallic Si powder.

Results and discussion

X-ray investigations

The X-ray powder diffraction pattern of the investigated
sample, with the observed values of the interplanar spacings
(dus) @nd identified minerals, is represented at Figure 1.
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Fig. 1. Indiced X-ray powder diffraction pattern

With the X-ray qualitative, semiquantitative powder diffraction
analysis it was established that there are following minerals by
their quantity: alunite (= 47.5%), natroalunite (= 47.5%), and

inconsiderable jarosite (= 3.5%), quartz (= 1%) and feldspars
(= 0.5%).

Values of the observed (dus) and calculated (d..c) interplanar
spacings, and observed intensities (l.,s) of the alunite and
natroalunite are represented at Tables 1 and 2.

Table 1.

Values for the interplanar spacings and intensities of alunite
h k | dcalc dobs Iobs
003 5.765 5.742 22
101 5.704 5.692 22
012 4.953 4.942 63
110 3.488 3.486 20
021 2.976 2.976 100
006 2.882 2.880 47
202 2.852 2.856 43
024 2.476 2.475 3
107 2.287 2.286 21
205 2.275 2.271 26
116 2.222 2.222 6
122 2.208 2.208 6
300 2.014 2.016 1

0 0 9ay 1.922 1.924 16
0 0 90, 1.922 1.922 20
3 0 3a; 1.901 1.901 32
3 0 3a, 1.901 1.902 29
2 2 Oay 1.744 1.745 21
2 2 0a, 1.744 1.744 10
312 1.645 1.645 4
134 1.562 1.561 1
0210 1.501 1.501 11
226 1.492 1.491 14
042 1.488 1.488 13
404 1.426 1.426 1
137 1.387 1.388 2
045 1.384 1.383 3
232 1.368 1.368 3

Table 2.

Values for the interplanar spacings and intensities of

natroalunite
h k | dcalc dobs Iobs
101 5.692 5.692 22
003 5.628 5.569 6
012 4.915 4.912 34
110 3.491 3.486 20
021 2.976 2.976 100
006 2.814 2.818 19
205 2.252 2.249 13
122 2.206 2.208 6
300 2.015 2.016 1
303 1.897 1.897 29
009 1.876 1.876 9

2 2 Oay 1.745 1.745 21
2 2 0a, 1.745 1.744 10
312 1.645 1.645 4
315 1.502 1.501 11
042 1.488 1.488 13
321 1.382 1.383 3
2011 1.369 1.368 3
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Regardless that jarosite is of the very small ammount, it is
also represented it's values of the observed (du.s) and
calculated (dc.c) interplanar spacings, and observed intensities
(lovs) at Table 3.

Table 3.

Values for the interplanar spacings and intensities of jarosite
h k | dca\c dobs |obs
101 5.929 5.931 1
003 5.742 5.742 22
012 5.092 5.094 3
021 3.105 3.110 3
113 3.078 3.078 4
202 2.964 2.976 100
006 2.871 2.880 47
024 2.546 2.544 1
107 2.293 2.286 21
116 2.256 2.249 13
303 1.976 1.980 1
009 1.914 1.918 20
220 1.823 1.818 1

13 104 1.742 1.745 21
1310, 1.742 1.744 10
315 1.561 1.561 1
226 1.539 1.540 1
404 1.482 1479 8
137 1.427 1.426 1

With the LSUCRI programme (Garvey, 1987) there were
calculated in the space group R™3m unit cell dimensions of
alunite, natroalunite and jarosite, and represented at Table 4.

Table 4.
Calculated unit cell dimensions
alunite natroalunite jarosite
a(A) 6.976(1) 6.981(1) 7.291(4)
Co(A 17.295(6) 16.884(6) 17.23(2)
Vo(A%) 729.0(3) 712.6(3) 793(1)
Colag 2479 2419 2.363

In the Introduction we emphasized that a,-axis vary with the
Al-Fe content, while co-axis vary with the Na-K content (Brophy
et al., 1962; Parker, 1962; Menchetti and Sabelli, 1976).
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Fig. 2. Variation diagram by Brophy et al. (1962)

From the diagram of the linear variation of the a, and c-axis
by the Al and Fe** content which was established by Brophy et
al. (1962), and which is here represented at Figure 2, it can be
seen that:

1. investigated alunite (A) belongs by the a, and c-axis to
alunite;

2. investigated natroalunite (NA) by the a,-axis belongs to
alunite, while by the co-axis not, which indicate to the
increased content of the Na-component; and

3. investigated jarosite (J) by the a, and co-axis belongs to
the jarosite part of the diagram.
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Fig. 3. Variation diagram by Parker (1962)

From the variation diagram of the a, and co-axis by the
relative atomic content of K and Na (respectively alunite-
natroalunite component and the curve for the natural alunites)
which was established by Parker (1962), and which is here
represented at Figure 3, it can be seen that;

1. investigated alunite (A) by the c, axis (17.295 A) belongs
to alunite with 82% K : 18% Na;

2. investigated natroalunite (NA) by the ¢, axis (16.884 A)
belongs to natroalunite with 62% Na : 38% K.

With this investigations it was confirmed that the ag-axis vary
with the AI**-Fe** substitution, while the ce-axis vary with the
K'-Na* substitution.

Contribution to that (Table 4) is that:

1. calculated values of the ag-axis for alunite and
natroalunite are similar, while for jarosite it is different;
and,

2. calculated values of the cq-axis for alunite and jarosite
are similar, while for natroalunite it is different.

Crystallochemical formulas
The end members of the alunite mineral group are:

alunite: KAI3(SO,),(OH)g,

natroalunite: NaAl;(SO4),(OH)e,

jarosite: KFes(SO4)2(OH)sand

natrojarosite: NaFe;(SO,),(OH)s.

Results of the chemical investigations and various

calculations are represented at Table 5.
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Table 5.
Chemical analysis (a), calculated chemical analysis (b and c)
and calculated number of ions (d)

a b c d
Si0, 1.40
Al,Os 36.51 36.30 38.14 6.06 Al
F6203 1.24
FeO 0.00
Ca0 0.21
MgO 0.02
MnO 0.00
K:0 6.86 6.62 6.96 120K
Na,O 1.87 1.87 1.96 0.51 Na
SO; 38.17 37.34 39.24 3.97S
H.Or 0.23
H,0* 13.32 13.04 13.70 12.31H
2 99.83 95.17 100.00

Chemical analysis (column a) of the investigated sample
(Vasic, 1986) was first calculated to that oxides which can
theoretically enter into the composition of alunite and
natroalunite (column b), and to avoid the minor minerals
(jarosite, quartz and feldspars).

From the Fe,O; content which is 1.24% it can be calculated
from the jarosite ideal composition (Brophy et al., 1962) that
the jarosite content in the investigated sample is 2.59%.

That data is something smaller, but similar to the content
which was obtained by the X-ray semiquantitative analysis (=
3.5%).

From the content of jarosite which is 2.59%, it can be
calculated that it can be also substracted 0.24% of the K0,
0.83% of the SO; and 0.28% of the H,O", which also belong to
this mineral.

Because it was very difficult to determine of what kind are
feldspars (K, Na or Ca), and according to the fact that they are
of minor ammounts (= 0.5%), there were not applied the
substraction from the K,O and Na,O contents, but it was
substracted the part of the Al,O; which is estimated to 0.21%.

That content for the AlLO; was presumed, because it is
similar to the average value for the various kinds of feldspars
with that ammount.

After that, contents from the column (b) were calculated to
100%, which is represented at the column (c).

Number of ions were calculated at basis of the 28 O (column
d) because alunite and natroalunite are of the equally content
(= 47.5%), and what was determined from the intensities from
the X-ray semiquantitative investigations.

Quantity of alunite and natroalunite (= 95%) is in very good
agreement with the chemical analysis (b) which is 95.17%.

For the calculations of the crystallochemical formulas, as the
start, it can be used the obtained ratio for natroalunite from ¢,
axis which is 62% Na : 38% K (Figure 3).

At such manner, for natroalunite there were obtained 0.38 of
the potassium and 0.51 of the sodium.

Remained part to the 62% of the sodium should be
supplemented with the 0.11 of the hydronium ion, because Na*
and (H;0)" have similar values of the ionic radius which are
0.95 and 0.99A (Parker, 1962).

Remained part of the potassium which is 0.82 (Table 5,
column d) belongs to alunite, and the difference to 1.00 which
is 0.18 belongs to the hydronium ion (H;0)".

As it can be seen from the Table 5, number of the H* ions is
12.31. After the all of the calculations there is remained of 0.02
H* which can be equally distributed to alunite and natroalunite.

Finally, the obtained crystallochemical formulas from these
calculations for these two minerals are represented at Table 6.

Table 6.
Crystallochemical formulas
alunite (Kog2(H30) 0.19)1.01Al3.03(S09904)2(OH)s
natroalunit (Nao51Ko38(H30) 0.12)1.01Al3 03(S0.9904)2(OH)s
€

These crystallochemical formulas could be something
different, but only at the Na* and (H;0)" distribution, because of
their similar ionic radius, while the potassium contents
remained constant.

As it was previously mentioned, at alunite at the basis of the
Co unit cell dimension it was obtained that it is 18% of the
potassium substituted, what is in a very good agreement with
the calculated crystallochemical formula in which is 18-19% of
potassium substituted.

Also, at natroalunite at the basis of the ¢, unit cell dimension
it was obtained that it is 62% of the potassium substituted,
what is in a very good agreement with the calculated
crystallochemical formula in which is 62-63% of potassium
substituted.

The excess of the AI* ions is very small. It could be probably
assigned to the accessory feldspars, but it was almost
imposible to determine the accurate part of the Al,O; content
which could be substracted from the chemical analysis.

Despite of all of that speculations, obtained crystallochemical
formulas are almost ideal.

Many authors (Brophy et al., 1962; Parker, 1962; Sheridan
and Royse, 1970) signified that excess of water, i.e. entry of
the (H;0) ions into the structure of the minerals of the alunite
group indicate to the low temperature and low pressure of the
origin.

Also, by Knight (1977) formation of alunite requires acid
conditions and high sulphate activity.

Considering to that datas, our opinion is that investigated
alunite and natroalunite from Veliki Bukovik are most probably
of diagenetic or low-temperature formation at acid conditions
and with the high sulphate activity.

Conclusion

With the X-ray powder diffraction analysis it was determined
the mineral composition of one representative sample from
Veliki Bukovik, as the mixture of alunite and natroalunite which
are of thereabout equally content, while jarosite, quartz and
feldspars are minorly represented.

There were determined the unit cell dimensions of alunite,
natroalunite and jarosite in the space group R 3m (Wang et
al., 1965; Menchetti and Sabelli, 1976).

At basis of that unit cell dimensions in alunite and
natroalunite there were determined the contents of the
individual elements, respectively extent of the isomorphous
substitutions from the diagrams from the literature datas
(Brophy et al., 1962; Parker, 1962).

That datas were used for the determination of the
crystallochemical formulas of alunite and natroalunite.
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These obtained crystallochemical formulas are in very good
agreement with the compositions which were obtained through
the crystallographical parameters.

It was confirmed that the ag-axis vary with the AI*-Fe®
substitution (for alunite and natroalunite they are similar, while
for jarosite it is different), while the c,-axis vary with the K*-Na*
substitution (for alunite and jarosite they are similar, while for
natroalunite it is different).

It is very significant that at alunite and natroalunite part of the
alkalies was substituted with the hydronium ion.

That excess of water in the structures of these minerals
indicates to the low temperature and low pressure of the origin
(Brophy et al, 1962; Parker, 1962; Sheridan and Royse,
1970).

Also, alunite formation requires acid conditions and high
sulphate activity (Knight, 1977).

According to that datas, alunite and natroalunite from Veliki
Bukovik are most probably of diagenetic or low-temperature
formation at acid conditions and with the high sulphate activity.
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