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Wiserite, an occurrence at the Kombat mine in Namibia, and new data
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ABSTRACT

Wiserite, a very rare manganese borate, has been found at the Kombat mine, Namibia,
associated with hausmannite, alleghanyite, and pyrobelonite on the hanging-wall side of a
2-m-thick lens of manganese oxide ore. Its formula, derived in part from a crystal-structure
analysis by Pertlik and Dunn (1989), is {Mn,(B,0;),(OH)}{[Si,_ . Mg,J[O,_.(OH),].CL,}.
Wiserite occurs as pinkish brown prismatic crystals up to 1 cm in length. Optically it is
uniaxial, negative, with w = 1.751 and ¢ = 1.700 (both +0.003). Its density is 3.54 g/cm?
(meas.) and 3.57 g/cm? (calc.). Wiserite is tetragonal, P4/n, with a = 20.192(6) and ¢ =

3.2812) A, Z = 2.

INTRODUCTION

Wiserite is a mineral with a confused history. It was
first named by Haidinger (1845) for David Friedrich Wis-
er (1802-1878), a Swiss mineralogist who had first ana-
lyzed it some years before. It was considered by Kenngott
(1866) to be a mixture, consisting principally of py-
rochroite. Epprecht (1946a, 1946b) found it to be a dis-
tinct species with a characteristic X-ray power-diffraction
pattern, but the analytical data given were those of a mix-
ture. Epprecht et al. (1959) re-examined wiserite, defined
its crystallography, and established the mineral as a man-
ganese borate hydroxide. These studies were all of an
impure, fibrous to semiplaty specimen from Gonzen,
Switzerland, which was admixed with other phases, chief-
ly pyrochroite and rhodochrosite. Wiserite was reported
from 17 localities in Japan by Kato and Matsubara (1980),
but was not chemically analyzed; one specimen, from the
Yaei mine, Tsuchiyama, Shiga, Japan, was obtained
through the courtesy of Dr. Akira Kato and was analyzed
in this study. In spite of the previous studies and
the proposal of Gorbov (1973) to regard it as Mn,-
[(OH,C1)5(BO,)], the Mn analogue of fluoborite, wiserite
has remained a poorly characterized mineral.

Recently, one of the authors (J.I.) obtained excellent
crystals of wiserite from the Kombat mine in Namibia,
where it occurs with hausmannite and alleghanyite in an
assemblage described below. A detailed investigation of
this material confirmed that it is indeed wiserite by com-
parison with type material from Gonzen, Switzerland.
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The studied specimen is in the Smithsonian Institution
under catalogue no. NMNH 163804, and a part of it is
in the Harvard Mineralogical Museum under catalogue
no. HMM-126918. The type wiserite specimen of Ep-
precht et al. (1959) was obtained through the courtesy of
Dr. H. A. Stalder, but was found to be unsuitable for the
detailed crystallographic characterization of the species.

OCCURRENCE

The wiserite described is from the Kombat mine, 49
km south of Tsumeb, Namibia (Innes and Chaplin, 1986).
The dominant ores are copper and lead sulfides deposited
in unmetamorphosed dolomite. Associated with the sul-
fide ores, but not in contact with them, are discrete lenses
of iron and manganese oxides. These lenses contain a
number of rare and unusual minerals (leucophoenicite,
glaucochroite, cuspidine, sahlinite, hematophanite, etc.),
many of which were previously known only from Lang-
ban, Sweden, or Franklin and Sterling Hill, New Jersey.
Additionally, these lenses have yielded a number of new
species including johninnesite, ribbeite, kombatite, hol-
dawayite, asisite, and other phases under study.

Wiserite was found in the West 1150 stope, 10 level,
Asis West sector of the Kombat mine, at the 1284-m
elevation. Wiserite was associated with hausmannite, ja-
cobsite, calcite, alleghanyite, and pyrochroite (all verified
by powder XxrRD methods) on the hanging-wall side of a
thin (2-m-thick) lens of layered manganese ores. The lo-
cation is indicated by the mine coordinate system at
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TaBLe 1. X-ray powder-diffraction data for wiserite from the
Kombat mine, Namibia

h k1 [« il [o MR Il [«

110 14.4 100 145 35 14.278
220 10.1 30 10.14 30 10.096
220 7.16 5 7.19 10 7.139
310 6.42 80 6.40 85 6.385
400 5.07 10 5.05 35 5.048
330 4.78 10 4.78 42 4.759
420 4.51 1 4.52 20 4.515
440 3.56 5 3.572 20 3.569
530 3.46 20 3.465 50 3.463
600 3.36 40 3.365 100 3.365
620 3.19 5 3.194 20 3.193
211 3.09 5 3.086 30 3.084
311 2.92 1 n.o. 2.918
710 2.86 30 2.854 90 2.856
640 2.81 5 2.799 25 2.800
401 2.76 25 2.753 70 2.751
331 2.70 25 2.702 65 2.701
421 2.66 80 2.654 80 2.654
501 n.o. 2.55 25 2.546
551 | 2.526
800 [ 2.53 70 2.522 65 2594
441 2.42 25 2.415 30 2.416
660 2.38 5 2.38 25 2.380
601 2.349
A5q | 2.35 25 2.349 35 e
621 2.28 1 n.o. 2.288
910 2.23 5 n.o. 2.230
711 2.15 1 2.15 15 2.154
641 | 2.130
930 i» 213 20 2.13 25 2108
770 2.04 10 2.04 30 2.040
1000 2.02 10 2.02 30 2.019
1020 1.977 1 1.979 25 1.980
950 1.963 10 1.962 25 1.961
841 1.865 5 1.861 15 1.860
911 1.847 20 1.843 30 1.844
931 1.786 1 n.o. 1.786
130 1.771 1 n.o. 1.771
941 1.739 1 n.o. 1.739
10 01 1.720 30 1.718 50 1.720
1021 1.697 1 1.694 20 1.695
002 1.639 5 1.641 30 1.641

Note: n.o. = not observed.

* Film data recorded with FeKo radiation.

** Diffractometer data recorded with CuKa radiation and calibrated with
NBS Si. Combination of two data sets of differing precision.

73 442, 253 524 in Figure 4 of Innes and Chaplin (1986).
Fibers and crystals of wiserite are well developed parallel
to fold axes in the hinge regions of transpositional folds,
and it displays a decussate texture on the fold limbs. The
hausmannite is in contact with a khaki-colored argillite
in the hanging wall. The argillite contains abundant rich-
terite.

PHYSICAL AND OPTICAL PROPERTIES

The Kombat wiserite is light pinkish brown, with vit-
reous luster and no apparent cleavage. The density is
3.54(8) g/cm?, measured using heavy-liquid techniques,
compared with the calculated value of 3.57 g/cm3 for the
idealized end-member composition. It forms prismatic
crystals, up to I mm in diameter and 1 ¢cm long, elongate
parallel to [001]; the only forms present are {100} and
{110}. Most are broken along their length; no terminal
forms were observed. Optically, this wiserite is uniaxial,

1375

TaBLE 2. Chemical data for wiserite

Kombat Gonzen, Switzerland Yaei

Theo- mine, mine,

retical Namibia Japan

MnO 69.00 64.3 65.13 68.24 61.5 63.8

MgO 1.40 4.9 2.88 3.14 341 1.2

Ca0 0.3 3.33 0.78 0.3 0.0

FeO 0.2 0.2 0.7

Sio, 2.09 2.0 1.8 3.5
B,O, 19.33 17.5 18.14 17.07
H,O 6.28 7.0 8.10 8.37

Cl 2.46 2.1 3.12 3.09 1.4 1.7
o=0aCl 0.56 0.5 0.70 0.69
Total 100.00 97.8 100.00 100.00

Source* 1 2 3 3 2 2

* Sources: (1) Theoretical composition from structural formula of Pertlik
and Dunn (1989). (2) Present study. (3) From Epprecht et al. (1959); re-
calculated to 100 wt%.

negative, with ¢ = 1.700 and w = 1.751 (both =0.003),
with no discernible pleochroism. A weak biaxial figure
was observed in some crystals and may be due to strain.
Calculation of the Gladstone-Dale relationship yields the
values K. = 0.208 and K, = 0.207, indicating superior
agreement of the chemical and physical data (Mandarino,
1981).

X-RAY CRYSTALLOGRAPHY

Single-crystal X-ray diffraction photography using the
precession method and MoK« radiation (A = 0.7107 A)
showed the Kombat wiserite to be tetragonal with ap-
proximate unit-cell parameters @ = 20.13 and ¢ = 3.28
A. There is one systematic extinction condition; reflec-
tions of the type 4k0 are present only when 2 + k is even.
The space group is uniquely determined as P4/n.

X-ray powder-diffraction data for unit-cell refinement
(Table 1) were collected using a Philips Norelco diffrac-
tometer and monochromatized CuKa radiation (A =
1.54178 A). The sample was mixed with NBS Si (@ =
5.43088 A) for internal calibration of the data. The unit-
cell parameters were refined from diffraction maxima in
the range 24° to 40° 26 with the use of the program LcLsQ
of Burnham (1962), which yielded values of a = 20.192(6),
c=3.281(2) A, and V = 1337.9(9) A*. Kombat wiserite
has the same X-ray power-diffraction pattern as the type
material.

This unit cell is twice as large as that determined by
Epprecht et al. (1959), using rotation methods on fibrous
material from the type locality. Their a axis is the [110]
zone of the new cell. Miller indices of the old cell may be
transformed to those of the new cell using the matrix
(110/110/001).

CHEMICAL COMPOSITION

The Kombat wiserite was chemically analyzed by sev-
eral techniques. Elements with atomic number >8 were
determined with an ARL-SEMQ electron microprobe, using
a 15-kV accelerating voltage, a 0.025-uA sample current
measured on brass, a 1 5-um beam spot, and a 10-s count-
ing time. A qualitative wavelength-dispersive micro-
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probe scan indicated the absence of elements with atomic
number >8, except those reported herein. The standards
used were manganite (Mn), hornblende (Si, Fe, Mg, Ca),
and scapolite (Cl). Separate analyses using other stan-
dards yielded very similar results. The data were correct-
ed with a modified version of the MAGIc-4 program. B
was determined by fusion in potassium carbonate, fol-
lowed by extraction of B and its separation from inter-
fering elements. After careful neutralization of the solu-
tions, the B was titrated with NaOH in the presence of
mannitol.

TGA-EGA was performed on 11 mg of hand-picked wis-
erite. The sample was heated in high vacuum at 10 °C/
min with the use of a Mettler TA-1 thermoanalyzer and
Inficon 1Q-200 quadrupole mass spectrometer system. The
decomposition of wiserite is characterized by a continu-
ous loss of volatiles, principally water, between 50 and
1030 °C. The weight loss totaled 9.3 wt%. Evolved gas
curves show a very strong water peak and weak peaks for
HCl and O, at 510 °C. The loss to 530 °C totals 6.8 wt%.
An additional 2.5 wt% was lost by 1030 °C and was shown
by EGA to be a complex loss, primarily of H,0, CO,, HC|,
and SO,.

A water content of 7 + 1 wt% was determined on the
basis of weight loss to 530 °C. The estimated error is high
because of the co-evolution of other gases and the fact
that H is evolved to some extent as HCL. It is uncertain
whether CO, and SO, originated from the mineral or from
impurities, although part of the CO, loss is consistent
with the decomposition of manganoan or ferroan calcite,
and no S was detected in wiserite by electron-microprobe
analysis.

A separate water determination by the Penfield method
yielded 7.2 (£0.2) wt% H,0O. Chemical analyses of the
Kombat wiserite, the type material from Switzerland, and
the specimen from Japan, together with those published
by Epprecht et al. (1959) are given in Table 2.

The low sum of our analyses of the Kombat wiserite
prompted a number of repeat determinations, with sim-
ilar results. The B,0, value, determined but once, is in
good agreement with the values of Epprecht et al. (1959)
(17.5 compared with 17.07 and 18.14 wt%); the calculat-
ed value for the end-member structural formula pre-
sented below is 19.33 wt% B,0,. Water determinations
by 1GA-EGA and the Penfield method are in very close
agreement. Although Epprecht et al. (1959) spectrograph-
ically analyzed the Gonzen wiserite, they gave no indi-
cations of the presence of light elements. An ion-micro-
probe scan of the Kombat wiserite verified Epprecht et
al.’s earlier results; Be and Li were found in only trace
amounts.

Re-analysis of the Epprecht et al. (1959) sample dem-
onstrates that CaO is 0.3 wt%, rather than the larger value
they reported (see Table 2). Similarly, Epprecht et al.
(1959) did not report silica; it probably was in their in-
soluble residue of 1.2 wt%. The approach of taking the
new CaO and SiO, values as 0.3 and 1.2 wt%, respec-
tively, and normalizing their first analysis to 100 wt%,
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yields a ratio of M?* cations to B of 29.83:16.00. This
value is only slightly higher than the theoretical value
(28.50:16.00) expected for a wiserite with this silica con-
tent, as discussed below.

The crystal structure of the Kombat wiserite recently
determined by Pertlik and Dunn (1989) confirms the
unit cell and space group, and the general formula
{Mn,(B,05)(OH);} {[Si;_Mg,][O, -.(OH),],CL,}, with x
approximately 0.5 and Z = 2 in the studied material.
Calculation of unit-cell contents for the analysis of the
Kombat wiserite (Table 2), yields Mn,,,sMg; 74F€p04-
Cag 05810 45Clo gsH 05 B71705252, With Z = 2. This compo-
sition is in agreement with the general formula, except
for a shortfall of 0.83B and a slight excess of octahedral
cations and H, all of which we attribute to analytical error.
As noted above, some carbonate was found, likely as an
impurity, but perhaps in substitution for borate. We call
attention to the variable Si, Mg, and Cl contents.
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