
Canadian Mineralogist
Yo[.23, pp. 53-56 (1985)

X-RAY POWDER-DIFFRACTION DATA AND
CELL PARAMETERS FOR COPIAPITE.GROUP MINERALS

PETER BAYLISS
Departamento of Geology and Geophysics, University of Calgary, Catgary, Alberta T2N IN4

DANIEL ATENCIO
Departamento de Minerologia e Petrologia,

Instituto de Geoci€ncias, Univenidade de Sao Paulo, Caixa postal 20.899, 01498 Sao paulo, Sp, Brasit

ABSTRACT

The chemical formula of the copiapite group is
@?! z r', l;Eprd * r1so+)o(oH)z.20Hzo, rr,.i. 

-tril 
z

sites are completely filled by divalent cations (Ca, Cu, Fe,
Mg or Zn) for x = 0, or two-thirds filled by trivalent cations
(Al or Fe) for x = tA. Powder X-ray-diffraction data now
available have been re-indexed in light of the results of
crystal-structure determinations in the literature. The cell
parameters of these copiapite-group minerals have been
refined by least-squares analysis. Data on magnesiocopia-
pite are tabulated. Challantite is discredited aa a synony-
of ferricopiapite.

Keyyords: copiapite, ferricopiapite, magnesiocopiapite,
challantite, cell parameters, powder-diffraction data.

SOMMAIRE

Dans la formule chimique des min6raux du sroupe
de_ _la copiapi te, (,171 tl, 

rrln,yFer * 
rlsOdo(oH)2.

?IH2O,la position u4 se trouve remplie complbtement par
les cations divalents (Ca, Cu, Fe, Mg ou Zn) pour x = 0
ou au deux-tiers par les cations trivalents (Al ou Fe) pour
x : t/t. Les donn€es de diffraction X (m6thode des pou-
dres) disponibles i prdsent ont 6t6 revues d la lumidre des
structures cristallines publi€es r6cemment. Les parambtres
r6ticulaires des membres de ce groupe ont 6te affin6s par
la m€thode des moindres carrds. On pr6sente les donnees
pour la magn6siocopiapite. La challantite est discr6dit6e
(= ferricopiapite)' 

(Traduit par la R6daction)

Mots;cl4s: copiapite, ferricopiapite, magndsiocopiapite,
challantite, parambtres rdticulaires, m6thode des
poudres.

INTRoDUCTIoN

The copiapite group is represented by four miner-
al species in the Group Data Book of the Mineral
Powder Diffraction File @ayliss er a/. 1983): alumi-
nocopiapite PDF 20-659, cuprocopiapite pDF
19-394, calciocopiapite PDF 27 -77, and zincocopia-
pite PDF 33-1472, Additional species of the copia-
pite group were listed by Fleischer (1983): copiapite,
ferricopiapite and magnesiocopiapite.

A comparison between the powder X-ray-
diffraction data of the four copiapite species in the
Mineral Powder Diffraction File shows that similar
values of d commonly are attributed different indi-
ces, although the unit-cell parameters are similar.
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Secondly, for the same reflections, the intensities of
the four copiapite minerals are not correlatable with
the Fo6, values of either magnesiocopiapite of Stisse
(1972) or ferricopiapite of Fanfani et al. (1973).

Therefore, the powder-diffraction data in the liter-
ature have been re-indexed, and unit-cell parruneters
have been refined by least-squares analysis. In addi-
tion, powder-diffraction data with a precision
higher than those presently available for magnesioco-
piapite were collected.

CHEMIcAL Fonnaurar

The chemical formulae of the copiapite
group proposed by Fleischer (1983) are
/2+Fe3+4(SO,6(OH)2.20H2O, in which A2+ is Ca,
Cu, Fe, Mg or Zn, and.43+Fe3+4(SOt6O(oH).
20H2O, in which ,43* is AI or Fe. Zodrow (1980)
has had problems with these chemical formulae, as
he states: ' 'whether the excess of sulfate is a charac-
terizing feature of copiapite samples from the Syd-
ney Coalfield [Nova Scotia], or a problem of mathe-
matical manipulation in the prediction proccs, is not
known at this juncture . . ."

In contrast to the full occupancy of the.4 site,
Fanfani et al. (1973) have determined by chemical
analysis that the A site of a specimen of ferricopia-
pite has rm occupancy of 0.69, with 0.43 Fe3+, 0.23
Al3* and 0.O3 Znz* . This partial occupancy is sup-
ported by a grystal-structure analysis with an R value
of 0.074, in which the,4 site has a temperature fac-
tor (3.54) greater than that of other sites (Fe 2.4, S
2.0) and contains the lighter atom Al.

In order to compare these chemical formulae, the
chemical composition of six theoretical end-members
was calculated (Table l). The chemical composition
of six minerals and three synthetic compounds is also
listed in Table I for comparison. The values of the
ratio Fe2Or,/SO3 for these chemical compositions
are in agreement with an .4 site that is partly
occupied, so that the formula is (A2* HA'3* 2rZ)
Fe3 * a(S 0)6(0 H) 2.20H2O .

MsTHoos AND RESULTS

If the approximate cell-parameter of a cubic
mineral is known, then the powder-diffraction data
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TABLE 1. CEBTICAL CO}'POSITIONS O! MIIIERALS IN TAE COPIAPITE GROUP

TheoreticaL Fo@le PDF Nu[ber

or lllBetal l{@ or Refelelce

3e0 l€0 A1203 ns203 S03 B2O Fe203

e. Z so3

ucre4 (s04) 
6(0s) 2.20s20

A1re4 (s04) 
60(oE) 

.20s20

A12l3Fe4(s04) 6 
(08) 

2.20s20
FeFe4(s04) 

6 
(08) 

2.20S20
re2l3!e4 (s04) 

6 
(08) 

2.20820
te5 (804) 

60(08) 
.20820

Aluolnocop i.aplte
ferrl.copla!1t€
fer!1co?lapLte
Feul.copLaplte' sy[thetic
!erllcopla!lte:Chau-atrtLte
FelllcopiapLte' aJDthetlc
lerrl.copiap Lte
FeltlcopLaplt€
Ferrl.copiaplte' BJdthetic

20-659
Specl@D 3, Beiry(1947)
spec18e0 4' Belry(1947)

L6-497
29-7L4

Posnjak 8 !bfrtu(1922)
Speclmn 5, Berry(1947)
Specl@a 2, BeEy(1947)

28-497

3 . 3

30.3  39 .0

)2 .0  38 .5

L .97  3 .L7  23 .58  39 .90
29.98  39 .68
30.  r0  38 .91
3 0 . 3  3 9 . 0
30.29 38.82
30.75 39.28
30.24 38.62
30.64 34.72
3 0 . 1  3 7  . 1

26.2 39.4

4 .2  26 ,2  39 .4

2.8 26.4 39.6

25,6 34.4

31.1

3L,2

30.7  0 ,777

29.6 0.831

30.90
30.45  0 .756
30.74 0.774
3 0 . 7  0 . 7 7 7
31.07  0 .780
29.97 0.783
30.75  0 .783
30,60 0.792
32.2 0.798

will index automatically to produce the best
parameter by least-squares refinement. However, if
approximate cell-parameters of a triclinic mineral
with a large unit-cell are known, then an attempt to
index automatically the powder X-ray-diffraction
data will generally lead to wrongly assigned indices
and hence incorrect unit-cell parameters by least-
squares refinement. Therefore, the indices of a
triclinic mineral with large unit-cell parameters must
be assigned based upon the li6, values derived from
a single-crystal investigation.

With the cell parameters and triclinic space-group
PI (*Z) of Stisse (1972) for reference, the indices of
a few reflections with large d values were assigned
based upon the strongest do. values. The cell
parameters were refined with the least-squares
programme of Appleman & Evans (1973) to calcu-
late new unit-cell parameters' and then the indices
of the reflections with the next highest d values were
asssigned based upon the strongest {6, values. Fur-
ther least-squares cycles were run with the new unit-
cell parameters, and then additional indices were
assigned. This process was repeated until all the
reflections wete assigned with indices that have
strong For, values, and until all the strong Fo6,
values were assigned to reflections. In addition the
agreement between de65 arld ddg was found to have
improved. Finally, the assigned indices were checked
by comparison with the .I.4" values obtained from
the programme of H. Langhof (Physikalische
Chemie Institut, Darmstadt) with the crystal-
structure parameters of both Siisse (1972) and
Fanfani et al. (1973).

The cell parameters determined from powder X-
ray-diffraction data in the literature are given in
Table 2. Some of the data in the literature (e.9.,
Srebrodolsky 1970) were not used to refine unit-cell
parameters because there are a small number of
reflections with only three-figure accuracy available
to determine six variables (e, b, c, cr' 0 and t).

Copiapite-group specimens were obtained as fol-

lows: specimen number 16783, American Museum
of Natural History, New York, from Knoxville,
Napa County, California; David Shannon Minerals
specimen from the Denver mine, Santa Cruz County,
Arizona, and specimen number H8307, Natural His-
tory Museum, Vienna, Austria from Knoxville,
California. A diffractomete! trace was obtained with
FeKa, radiation (1.93597 A) ana a 0002 graphite
monochromator from 4o to 60o 20 at a scanning
speed of 0.125'lmin with lo incidence slits and a
2-cmJong specimen holder. The unit-cell parameters
of these three specimens are given in Table 2.

A semlquantitative analysis performed using a
Kevex solid-state arLalyzer showed specimen 16738
and that from the Denver mine to have major Al,
Mg, Fe and S, whereas specimen H8307 contains
major Mg, Fe and S, and minor Cr and Al, and is
thus magnesiocopiapite. Since the indexed powder-
diffraction data of specimen H8307 are significantly
better than the unindexed data on magnesiocopia-
pite of Kravtsov (1971), the hkl, d"6", dob", relative
intensities (I/It) and I"4" from the crystal-structure
parameters of Siisse (1972) ate presented in Table
3. Agreement between L/I1 and I*1. is generally
good, except for the first two reflections atlow 20,
where only part of the X-ray beam is intersected by
the specimen.

DISCUSSION

The alphabetical chemical index for the Inorganic
Phases of the Powder Diffraction File showed three
unindexed patterns (PDF 16-897' 28-497 arrd
29-:714) that appear to belong to the copiapite group.
The chemical composition of the synthetic com-
pounds PDF 16-897 (Walter-L6vy & Qu6m6neur
tSO:) ana 28-497 (Margulis et al. 1973) calculated
from their formulae are presented in Table l. These
patterns were indexed, and the refined unit-cell

larameters are given in Table 2. Since the chemical
iompositions are similar to the theoretical chemical
composition for ferricopiapite, the unit-cell param-
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Speci6s
X@

PDT
NuDber

Bef,etence

tdagBesl.o@pLapLte
Vagaesl,oeoplapite
Ua8leslocopl.aplte
ltagneslocoplap lte
AL@l.nocoplapt te
Calclocoplaplte
Coptaptte
Zhcocoplapl.te
Fenlcoptaplte
trerrlcoplaplte
FelrlcopiapLte
Ferrlcoplspite
tr6nicoplapLte
tr€ricoptaplte
Fenlcoplaplte
Cuprocopiaplt€

7.35(2' L8.e4Q) 7,39(2' 9L.7<2' L02.6(2t
7.n4L(4> 18.824(7) 7.395(4) 91.23(4) LO2.26(4)
7.35L(2) 18.805(6) 7.394(2) 9t .32(3) 102.17(3)
7.335 (2) L8.782(4) 7.377 (2) 9L, 37 (2) LO2.2L<2'
7.30(1) 18.80(2) 7.31(r)  91.5(2)  102.3(2)
7.44(3) 18.79(4) 7.22(3) 85.3(3)  104.7(3)
7.337 (6) 18.76(1) 7.379(6' 9L.46(7') 102.18(6)
7.33(1) 18.72(2) 7.35(1) 91.5(2)  102.1(2)
7.37(2) 18.38(3) 7.31(2) 93.9(1)  102.3(2)
7.394(5) 18.36(2) 7.324(8 ' )  93.8(1)  102.2(1)
7. 380(2) 18. 352(5) 7.tLg (2' 94.00(L) 102.12(1)
7.378(7) 18.30(2) 7.327 (8' 93.87(8) rO2.23(7)
7.413(8) r -8.23(2) 7.32(1) 93.73(8) 102.11(7)
7.29(2) L8.23(4) 7.28(2) 93.5(2) r.O2.r-(2)
7.4r . ( r )  18.20(2) 7.309(8) 93.77(8) 102.11(8)
7.31(r-) 18.15(2) 7.25(1) 92.5(2) LO2.3(2')

99.0(2) Klavtsov (1971)
98.92(4) Davld Shannm l{tuerals
98.79(3) E8307 Natural BLstory !tusee Vl@
98.80(2) 16783 loErlm Mrseu Nfl York
98.7(1) Jol1y & Foster (1967)

102.2(3) Kashkai & Allw (1960)
98.95(6) SqbmtzEr a Uetlenbach (1983)
98.7(2) ru et aL. (L964, 33-L472
98.7(3) lbrsslLs et aL. (L973, 28-497
98.9(l-) Rmeluo & ct@eppettt (1973) 29-7L4
98.54(f) Walter-L6/y & Qudndneur (1963) l-6-897
98.96(6) tublsz (1964) eJmthetlc
98.97(7) Kublez (1964) Alcaparoeea
98.2(2) Kravtsov (1971)
99.13(7) Kublez (1964) Kopahie Staszlc

L00.4(2) Escobar & ctfford (1961-) L9-394

20-659
27-77

a, b E\d a 1o lngetrbm, o, B ed y tu degrees.

eters are similar to those of ferricopiapite, and also
the intensities of the reflections are similar to the
I.ut" value$ derived from the crystal-structure
parameters of Fanfani et al, (1973), these two syn-
thetic compounds are considered to be ferricopiapite.

The powder X-ray-diffracrion dara (pDF 29-714)
of challantite, which was ffust described by Ramu-
sino & Giuseppetti (1973), may be indexed using the
ceU parameters of ferricopiapite. The chemical com-
position (Iable l), refined unit-cell parameters Clable
2) and I/I, are similar to those of ferricopiapite.
Challantite is thus identical with ferricopiapite and
therefore should be discredited. This nomenclature
proposal (number 84, submitted by Atencio & Bay-
liss in 1984) has been approved by the I.M.A.

Fanfani et al. (1973) showed that Al may occupy
the z4 site, with an average Al-O bond length of
1.93 A, whereas Siisse (1972) showed that Mg may
occupy tle,4 site, with an average Mg-O bond length
of 2.07 A. These average bond-lengths will increase
to allow occupancy by Ca (calciocopiapite), since the
atomic radius of Ca is larger than that of Mg. Some
specimens of copiapite contain large quantities of AI,
so that Al must occupy the.4 site and substitute for
Fe. Similarly, some specimens of copiapite (Zodrow
1980) contain large quantities of Mg, so that Mg
must occupy the.4 site and substitute for Fe. The
Fe-site average Fe-O bond length irlthe ferricopia-
pite o"f Fanfani et al. (1973) is 2.00 A, compared to
2.01 A for the magnesiocopiapite of Siisse (1972).

The occupancy of the,4 site and Fe3+ site by Mg
and Al is difficult to determine by crystal-structure
analysis, because Mg and Al have similar atomic-
scattering factors. The bond lengths available are
insufficient to predict the occupancy of the.4 and
Fe sites. The octahedral,4 site is surrounded by six
H2O, whereas the octahedral Fe site is surrounded
by three O, two H2O and one OH. On the basis of
the principle of electrostatic valence, cations of lower
charge (Ca2*, Cu2*, Fe2*, Mg2+ q1 2oz+;

preferentially occupy the.4 site compared to cations
of higher charge (Al3+ or Fe3*). Therefore, some
specimens of the copiapite group that contain sig-
nificant amounts of both Mg2* and Al3*, like
specimen 16783 and that from the Denver mine, are
called aluminian magnesiocopiapite.

The I"4" values determined from the crystal-
structure parameters of magnesiocopiapite by Siisse
(1972) are significantly different from the I*.
values determined from the crystal-structure
pararneters of ferricopiapite by Fanfani et al. (1973),
so that ferricopiapite can be differentiated from mag-
nesiocopiapite by powder-diffraction data. The
reflection intensities of zincocopiapite and
aluminocopiapite are similar to the I-" values from
magnesiocopiapite of Siisse (1972). The unit-cell data

1SLE 3. POMM X-MY-DI!ruCTION DATA FOR UoESIOCOPNPITE 88307

hkt d*ui dob"8 r/rr r""r. hkz a"orj aor"2 il1 rcar"
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1
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7
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5
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8
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7
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3 . 1 4 6
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6.192
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in Table 2 are listed in the order of decreasing values
of b , since the numerous specimens of mag-
nesiocopiapite and ferricopiapite each have similar
values of D. Although the unit-cell parameters show
a trend, this trend is not sufficient to differentiate
between the seven mineral species in the copiapite
group.

From unindexed powder-diffraction data and
qualitative signals for Fe and S, Schmetzer & Meden-
bach (1983) described a second occurrence of chal-
lantite. Their powder data were indexed on a
copiapite-group unit cell. The cell parameters, listed
in Table 2, are similar to the unit-cell parameters of
magnesiocopiapite. Secondly, the intensities of the
reflections are similar to the I*1. for copiapite with
the crystal-structure parameters of Stisse (1972)
rather than to the I.4. for ferricopiapite with the
crystal-structure partrmeters of Fanfani et al. (1973).
Therefore, this second occurrence of challantite is
not ferricopiapite, but is possibly copiapite.

Powder X-ray-diffraction and chemical data were
given for copiapite by Kravtsov (1971). An attempt
to index the data on a copiapite-group unit cell was
unsuccessful; subsequently, the mineral was identi-
fied as roemerite, p"z+psr3+(So )4.L4H2O.
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