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DESCLOIZITE, MOTTRAMITE, AND VANADINITE
FROM SOUTH WEST AFRICA:

AN INFRARED AND X-RAY STUDY

Hnnsonr V. R. VoN I{enlolr axo LynroN W. R. Drcrs, I{ational
Institute for Metollurgy, Johannesburg, Soulh AJrica.

Ansrnacr

Descloizite, cuprian descloizite, mottramite, and vanadinite from various localities in

South West Africa were analysed chemically and by X-ray difiraction and infrared spectro-

scopy. The X-ray results substantiate previously determined data. The infrared method

l'as found to offer an elegant means for the positive identification of the members of the
isomorphous series, descloizite to mottramite. In addition, vanadinite can readily be dis-

tinguished from descloizite by the infrared method.

h.rrnooucrroN

Although the lead vanadates, descloizite, mottramite, and vanadinite,
have been mined in economic quantit ies in South West Africa since 1914,
there sti l l  appears to be a paucity of detailed mineralogical data on these
minerals. Their nature and mode of occurrence were very ably described
by Verwoerd (1957), but, although he presented some relevant chemical
and optical data, no X-ray data were included.

In addition, the X-ray diffraction and microchemical methods cur-
rently in use for distinguishing between descloizite, cuprian descloizite,
and mottramite have not proved to be satisfactory in all cases. Millman
(1960) rejected the X-ray powder method as being too indefinite a means
of identif ication, and suggested a rapid microchemical method for pre-
cise discrimination between members of the descloizite-mottramite se-
ries. In the opinion of the present authors, however, the method advocated
by Millman is sti l l  too subjective for general use. Infrared spectroscopy
seemed to offer a more satisfactory means of characterizing these min-
erals, and accordingly this technique was investigated and was found to
provide a rapid and positive method of discrimination and identif ication.

The aim of this paper is to supplement earlier work on the lead vana-
dates of South West Africa with more detailed X-ray and infrared data.
These data have been derived in the course of a program of infrared
studies on various minerals that is currently being undertaken at the
National Institute for Metallurgy, Johannesburg.

Chemistry of lhe d.escloizite-group minerals. The zinc-copper-lead hydrous
vanadates known as the ('descloizite-group" minerals, whose composition
can be expressed by the formula (Zn, Cu)PbVOnOH, were shown by
Bannister and Hey (1933) to form a complete isomorphous series between
the zinc and copper end-members, descloizite and mottramite respec-
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t ively. Mil lman (1960) pointed out that the combined ZnO and CuO con-
tent approximates 20 percent throughout the series. He suggested that
the name "descloizite" should be applied to that half of the series with a
ZnO content exceeding 10 percent, and the name "mottramite" to the
other half of the series, with a CuO content exceeding 10 percent. He sug-
gested further subdivisons, based on the ZnO content of the mineral,
which may be summarized as follows:

ZnO content greater than 18 percent-descloizite
ZnO content between 18 and 10 percent-cuprian descloizite
ZnO content between 10 and 2 percent-zincian mottramite.
Substitution in the lattice by other elements is also known to occur

(Dana 1951, Millman 1960) , with manganese and iron replacin g zinc and
copper, and arsenic, phosphorus, and molybdenum replacing vanadium.

Vanadinite, a lead chlorovanadate Pb5(VO4)3C1, although not a member
oI the descloizite group of minerals, has been included in the present in-
vestigation because its presence is so often mistakenly reported when in
fact pseudomorphous replacement by descloizite, (Zn,Cu)PbVOa(OH),
has occurred (Dana 1951). This replacement is well i l lustrated by the
chromatographic print in the paper by Will iams and Nakhla (1951). Ex-
amples of complete pseudomorphs of descloizite after vanadinite have
also been reported by Verwoerd (1957) at the Abenab West Mine.

Earlier X-ray'invest'igations oJ descloizite. Bannister and Hey (1933) ob-
tained identical powder photographs for a group of zinc-copper-lead
hydrous vanadates, namely descloizite, cuprian descioizite, psittacinite,
eusynchite, dechenite, chileite, and mottramite. More recent work by
Kingsbury and Hartley (1956), however, showed that although the spac-
ings for descloizite and mottramite are similar above 1.652 A, significant
differences do occur below this value. These findings were substantiated
by Guil lemin (1956), who synthesized the respective end-members of
the series and analysed them b.v X-ray diffraction. A feature common
both to Guil lemin's svnthetically prepared mottramites and the mot-
tramites from Angola examined by Millman (1960) was the paucitl- of
Iines below 1.38 A.

The space group determined by Bannister and Hey (1933) for des-
cloizite was given as

Vr,16(Dzr.s-Pmcn) ZnlCu:4 atoms per unit cell.
O r tho rhomb ic  o :6 .05  i t ,  b :S .Sg  A ,  c :7 .56  A .
Barnes and Qurashi (1952), however, suggested the orientation of

Pnma for descloizite, which simply involved an interchange oI the a, b,
and c axes to b, c, and o, respectively. The structure was then further re-
fined in Pnma by Qurashi and Barnes in L964, and was found to con-
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sist of a three-dimensional assemblage of distorted VOa tetrahedra,
ZnOt(OH)z tetragonal bipyramids, and PbOz(OH) square antiprisms
sharing corners and edges. Descloizite was found to be orthorhombic,
w i t h  a :7 .607  A ,  b :6 .074  A ,  and  c :9 .446  4 . ,  and  Z :4 .

Microchemical methoils. Microchemical methods have been proposed for

differentiating between descloizite and mottramite (Millman 1960), and

between descloizite and vanadinite (Will iams and Nakhla 1951, modified

by Fleming 1951). By means of Millman's (1960) method, it is possible

to differentiate between intermediate members of the series as well as

between descloizite and motlramite, whereas the method of Will iams

and Nakhla (1951) can only distinguish between descloizite and vana-

dinite.

MATERIALS AND METHODS

Moile oJ occurrence oJ thettanadateminerals. The present samples were obtained from vari-

ous localities in the Otavi Mountain Land in South West Africa: the four descloizite samples

rvere obtained from the Berg Aukas Mine, the cuprian descloizite from Friesenberg, the

mottramite from the Tsumeb Mine, and the vanadinite from Grootfontein' The genesis of

these Otavi Mountain Land vanadium deposits has been discussed by Schwellnus (1945),

who suggested a supergene origin for the vanadium ores.

With the exception of one of the descloizite samples that occurred as massive grains,

the cuprian descloizite and descloizite occurred as subparallel or radially branching gtoups

of pyramidal euhedral crystals, similar to those described by Verwoerd (1957). The habit of

the mottramite was similar to that of the descloizite, but in hand specimen it difiered in

color. The vanadinite occurred as thin slender orange-brown prismatic crystals. The

crystalline nature of the samples, with the exception of the one descloizite sample, indi-

cates that the minerals probably occurred as vug infillings.

X-ray difraclion. X-ray diffraction analysis of finely powdered samples was carried out

with a Philips wide-range goniometer, PW 1050/25, with an efiective diameter of 170 mm,

calibrated against a silicon standard. Filtered copper radiation, I:1.54050 A, was used

throughout the investigation, which was performed at a temperature between 22"C and

25'C.

Cell constants rvere calculated by means of a least'squares progrem written for an IBM

704 computer.

Specif,c-gradty tletermi,nations. All specific-gravity determinations were carried out in trip-

licate with a Berman balance, using toluene corrected for temperature (Berman 1939). The

value reported (Table 1) is the mean of three individual determinations.

InJrared. analysis. Infrared analysis of the samples was carried out on a Perkin-Elmer Model

521, double-beam, grating-type, infrared spectrophotometer. The analyses were carried out

on finely ground material embedded in discs made from triply recrystallized A'R. grade po-

tassium bromide, which had been pressed at 55 tons per square inch in a die evacuated to

0.01 mm of mercury. AII spectra were obtained at a temperature of 25'C, with relative

humidity ranging between 30 and 40 percent. The double-beam mode of operation was

used throughout, with a potassium bromide disc in the reference beam. Linear wave-num-

ber recording was used throughout the investigation.
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For sharp bands, the frequencies reported are accurate to within j 2 cm-r, but for broad
bands the error may exceed this value.

Rosur,rs AND DrscussroN

The results of the chemical, X-ray, and infrared analyses are set out
in Tables I,2, and 3 respectively.

Chem'ical analyses. Since the combined ZnO and CuO content of the
isomorphous descloizite-mottramite series always approximates 20 per-
cent (Millman 1960), the data in Table 1 clearly indicate that the present
samples of descloizite and mottramite from South West Africa l ie close
to the theoretical end-members of the series in composition. The cuprian
descloizite, on the other hand, can be seen to occupy a position at roughly
the midpoint of the series.

Arsenic was present in ail four descloizite samples analysed, and
probably replaces vanadium diadochically. The trace element content

T,c.nra 1. Cnntrrcnr, ANar,ysrs on Dnscr-orzrrn, Cupnrax Drsclorzrm,
eNn Motrn,turtn

l'

Pbo 54.66  54 .77  54 .43  54 .22
ZnO 19 60 19 48 18.99 19.40
CuO 0 .4 .5  0 .49  O .7  4  0 .60
FeO tr. tr. tr. tr.
MnO tr. tr. rr. rr.
vzos  20 .94  21  .20  2 t .6+  2 t .36
AszO;  1 .08  0  63  0 .52  1 .10
H r 6 t t o  0 . 1 0  0 . 0 1  0 . 0 8  0 . 0 6
Hroeoo 2 .+2  2 .36  2 .42  2 .46

E : cuprian descloizite Friesenberg

n.d .  n .d .  54 .90  51 .90  54 .56
n  d .  n . d .  1 9 . 1 8  1 0 . 6 5  2  6 2
9 . 2 7  1 8 . 5 3  0 . 8 3  8 . 8 3  1 6 . 8 4
n d .  n .d .  n .d .  n .d .  n .d .
n.d. n d n.d. n.d. n.d.
n . d .  n  d .  2 l  0 7  1 7  3 8  2 2 . 7 3
n.d n d n.d. tr .  n.d.
n.d n d n.d. n.d. n.f l .
n .d .  n .d .  n  d .  n .d .  n .d .

Sp .s . .  6 . 2OO 6 .197  6 .132  6 .075  6 .181  6 . lM

tr.:trace. n.d.:not detected or reported
Remainder: trace element content determined spectrographically

(d c.  arc.)
A, B, C, D: Ag, Al, Bi, Ca, Co, Cr, Fe, K, Mg, Mn, Mo, Ni, Ti, Sn.
H, I: Ag, As, Cr. Fe, Mn, Mo, Ni, Ti, Sn, P.

A, B, C, D : descloizite Berg Aukas

'fsumeb

Broken Hill

South West Africa
South West Africa

South West Africa
N Rhodesia Zambia

I.- : mottramite
G : descloizite
H : cuprian descloizite
I : mottramite

Minas do Lueca Angola
Uris Mine, Tsumeb South West Africa

AII are nerv analyses except G, H and I, .r,r'hich were taken from Millman's (1960) paper.
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T,q.er.n 2. Cnr,r, DnrnxsroNs lon Dnsclorzrm, Cunmen Dnsctorzrrr, a.No
Mortn.luttr. r'nom Sourn Wrsr Alnrcn

(Angstrdms)

GDCB

a
b
c

7.604 7 .612
6.059 6 .049
9.4ff i  9.452

A, B, C, D:descloizite
E :cuprian descloizite
F : mottramite
G :descloizite

7 . 6 t 5  7 . 6 1 0  7 . 5 7 1
6.058 6 .059 6 .O47
9.442 9 .457 9 .367

Berg Aukas
Friesenberg
Tsumeb
Los Lamentos

7.684 7.607
6.027 6.074
9.223 9.446

South West Africa

South West AJrica
South West Africa

Chihuahua, Mexico
Al l  except  G (Barnes and Qurashi ,  1952) are new analyses.

of the four descloizite samples differed slightly from that reported by
Millman (1960) in that phosphorus was absent but the following addi-
tional elements were found: aluminium, bismuth, calcium, cobalt, po-
tassium, magnesium.

X-ray analy.rds. The cell dimensions determined for the four descloizite
samples (Table 2) are in good agreement with those determined by

Tlrr,r 3 INlneneo Vren.{uoN FnrqunNcrns (CM-r) ron Drscrorzno, Cupnrlx

Dnscr,otzrrr. Morrneurrs. aNo VaN.torltrre

GEDB

1020 1020 1020

915
854

7+2

453

916
854

/ 4 J

r+.')zl

9t6
853

1 A 1

506

453

918
8s7

l+o

506

+.)4

1090

1000

964

915
850

7 J O

508

450

936

839
814
738
704

486

803
7s9

994

A, B, C, D:descloizite
E :cuprian descloizite
F : mottramite
G :vanadinite

Berg Aukas
Friesenberg
Tsumeb
Grootfontein

South West Africa

South West Africa
South West Africa
South West Africa
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Barnes and Qurashi (1952). The present results bear out the finding of
Kingsbury and Hartley (1956) that there are substantial differences in

spacings below 1.652 A between descloizite and mottramite.
Because of the great similarity in spacings shown by the four descloi-

zite samples and the single cuprian descloizite sample, it was found im-
possible to differentiate between these two minerals by this means.

InJrared. analyses. As pointed out by Adler (1964), the fundamental vi-
brations, and hence the corresponding absorptions, contributing to the
infrared spectrum of a molecule are Iocalized to a first approximation by
the mass and internal binding energy of the functional group present. In

minerals, as with other solids, the vibrational and spectral characteris-
tics of the molecule are further influenced and altered by the particular

environment to which it is attached.
Accordingly, if the premise of Bannister and Hey (1933) that a com-

plete isomorphous series exists between descloizite and mottrarnite, pass-
ing through the intermediate composition of cuprian descloizite, is ac-
cepted, it is natural to expect differences between the infrared spectra of
different members of the series, with the occurrence of a progressive shif t
in the absorption bands as the zinc is replaced by copper in the lattice.

The infrared results in Table 3 show that such a shift towards lower
frequencies does in fact occur in passing from descloizite through cuprian
descloizite to mottramite.

Since the functional groups present in the descloizite-mottramite series

differ from those in vanadinite, differentiation between these two min-
eral groups by infrared spectroscopy should present no problems. Dif-
ferences between their infrared spectra were in fact found and can be
seen in Figure 1, where the spectra of descloizite, vanadinite, and mot-
tramite are compared. Figure 2 shows the distinct differences between the
infrared spectra of mottramite, descloizite, and cuprian descloizite;
and Figure 3 shows the spectra of the four different descloizite samples.

In this investigation, no serious attempt has been made to assign the
vibration frequencies to particular bonds, and accordingly it is not yet
possible to suggest any reason for the nonappearance of the 1020 cm-l

band in descloizite D, shown in Figure 3. However, on the basis of the
chemical analyses set out in Table 1 and of the considerably enlarged
peak shown by cuprian descloizite at 508 cm-1, it can be tentatively
suggested that the 506 cm-l band in the descloizite spectrum could pos-

sibly be assigned to a Cu-O bond.

CoNcr,usroNs

1. Infrared spectroscopy offers a convenient means of differentiation
between descloizite, cuprian descloizite, and mottramite.
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Frc. 1. Infrared spectra (1) Descloizite (2) Vanadinite (3) Mottramite.

2. Similaily, vanadinite, mottramite, and descloizite may readily be
distinguished one from another by means of infrared spectroscopy.

3. From the infrared spectra, it appears that infrared spectroscopy
probably offers a means of quantitatively assessing the vanadinite con-
tent of descloizite-vanadinite pseudomorphs.
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Frc. 2. Infrared spectra (1) Mottramite (2) Descloizite (3) Cuprian Descloizite.

4. The results of this study substantiate the work of Kingsbury and

Hartley (1956) in showing significant differences in d below 1.652 A for

descloizite and mottramite.
5. Cuprian descloizite cannot be satisfactorily differentiated from

descloizite bv X-ray diffraction.
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Frc. 3. Infrared Spectra (1) Descloizite A (2) Descloizite B (3) Descloizite C
(4) Descloizite D.
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