
American Mineralogist, Volume 62, pages I 125-l 128, 1977

Zaherite, a new hydrated aluminum sulfate
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Abstract

Zaherite, Alr,  (SO4)5(OH),6.20HrO, is a new hydrated aluminum sulfate from the Salt
Range, Pakistan. I t  is a pearly, white, extremely f ine-grained massive mineral.  Aggregate
hardness = 3.5, density :2.007. Well-developed cleavage in one direct ion, probably basal, is
seen in electron micrographs. Zaherite is anisotropic with extremely low birefr ingence
(<0.001). lndex of refract ion is 1.4981 + 0.0001. The X-ray powder pattern is dominated by
an in tense re f lec t ion  be tween 15 .5  and 18 .1  A;  a l l  o ther  re f lec t ions  (3 .22 ,4 .61 ,4 .58 ,4 .56  A)
h a v e l l l o : 8 o r l e s s . Z a h e r i t e h y d r a t e s a n d d e h y d r a t e s r e v e r s i b l y a t r o o m t e m p e r a t u r e w i t h a
corresponding increase and decrease in the most intense ref lect ion. I t  transforms to a- and 7-
alumina between 900o and 1000"C.

Introduction

M. A.  Zaher (1969,  unpubl ished M.S.  thesis ,  Mich-
igan Technological University), in his investigation
of clays from the Salt Range, Pakistan, presented X-
ray powder diffraction data for a mineral that he
postulated to be a new hydrated aluminum sil icate or
oxide, largely because of mineral associations and
resemblance of powder data to some clay minerals.
The physical and chemical data obtained in our study
show that the material is a previously undescribed
hydrated aluminum sulfate mineral. Zaherite is pro-
posed as its name. The name recognizes its discov-
erer, M. A. Zaher, of the Geological Survey of Ban-
gladesh. The new mineral and name have been
approved by the Commission on New Minerals  and
Mine ra l  Names ,  lMA.

Geologic setting

At the type locality in the Salt Range, Pakistan,
zaherite is associated with kaolinite, boehmite, and
af uminite. Here, zaherite is found both in relatively
pure form as veinlets (up to I cm across) that cut
massive kaolinite-boehmite rock and intimately
mixed wi th kaol in i te  and boehmite in  a massive whi te
claystone. Aluminite is also found as veinlets in the

vicinity. The details of geology at the type locality are
not known. However, the rocks are related to the
unconformity over Permian rocks in the Salt Range.

Physical properties

Zaherite in fairly pure lorm was found as densely
packed aggregates of extremely small grains. Scan-
ning electron micrographs (Fig. l), show well-devel-
oped cleavage in one direction. Zaherite is white and
has a pearly to earthy luster. Aggregate hardness is
about 3.5. Density is 2.007, as determined with a gas
pycnometer.

Zaherite is anisotropic with extremely low birefrin-
gence. A faint gray interference color is seen only on
very thick grains. Birefringence is estimated to be less
than 0.001 . One of the indices of refraction was deter-
mined by the oblique il lumination-color fringing
technique to match oil and mineral. The refractive
index of the oil was measured immediately with an
Abbe refractometer. The index of refraction is 1.498 I
+  0 .0001 .

Chemical analysis

A chemical analysis of zaherite was kindly fur-
n ished by Mr.  D.  Rose,  Analyt ica lChemist ,  Inst i tu te

n25



| l 26 RUOTSALA AND BABCOCK ZAHERITE

Table I  Chemical  analyses of  zaher i te
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room temperature in response to humidity. To test
the l imits of hydration-dehydration, samples of zaher-
ite were first dessicated for 188 hours at 2l 'C.X-ray
powder data for the dehydrated sample are given in
Table 2,  co lumn 2.  Fol lowing dessicat ion,  samples
were a l lowed to hydrate for  50 hours at  2 l "C over  a
saturated solution of lead nitrate.' X-ray powder dif-
fraction data for the fully hydrated sample are l isted
in Table 2,  co lumn 3.  Dur ing hydrat ion,  a s tandard
sample was per iodical ly  weighed.  A graph showing
weight  gain wi th t ime is  shown in F igure 2.  Most
weight  gain was recorded dur ing the f i rs t  l0-12
hours.  The tota l  weight  gain was 10.8 percent .

Reactions at elevated temperatures

A differential thermal analysis was obtained with a
Stone apparatus,  us ing a heat ing rate of  20oC per
minute. The differential thermogram is shown in Fig-
ure 3. The endothermic reactions are interpreted as
fo l lows:

200"c -loss of hydrated water
360"C - loss of  hydroxyl
855oC, 890'C- loss of  SO,

The loss of hydrated water is accompanied by a
large sample shrinkage. Therefore, the intensity of
endotherms at  360' ,  855o,  and 890"C are anoma-
lously  smal l .

If a slow heating rate is used, the hydrated water
loss is  complete at  150'C,  and constant  weight  is
attained. There is a corresponding decrease in the
spacing of the most intense X-ray diffraction peak to
12.2 A. No rehydration took place after this treat-
ment .

tTo minimize the format ion of  water droplets

T I M E  ( h r s )

Fig.  2 Hydrat ion curve for  zaher i te

of  Mineral  Research,  Michigan Technological  Uni-
versity. The analysis, Table I, represents the average
of two analyses. The essential constituents are AlrOr,
SOr,  and HrO; a l l  o ther  are contaminants.  The ideal
formula was calculated to be 6,4 l ro3.5SO3.33HrO,
or A l,r(SOn)u(OH)ru. 20HrO.

X-ray powder diffraction data

X-ray powder diffraction data for zaherite were
obta ined wi th a General  Electr ic  XRD-6 recording
diffractometer, using vanadium-fi ltered chromium
radiation. Peak intensities were measured with a
scale-counter by using pre-set t ime for l0a counts.
The powder data for zaherite, as received, are given
in Table 2,  co lumn L The data are dominated by one
major reflection at 17.9 A; all other reflections have
relative intensities of 8 or less. Generally, the reflec-
t ions tend to be broad,  ind icat ing poor crysta l l in i ty .

Zaherite hydrates and dehydrates reversibly at
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Fig 3 Differential thermogram for zaherite
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Zaherite became amorphous to X-rays following
the hydroxyl loss at 360'C. Between 900o and
l000oc, the amorphous form is transformed to a
mixture of  a lpha and gamma alumina.

Conclusions

Cleavage, X-ray powder data, and hydration-
dehydration characteristics of zaherite suggest a
layered structure. Composition most nearly approxi-
mates aluminite, with which zaherite is associated. X-
ray powder patterns of zaherite are not those gener-
ally found for sulfate minerals. Instead, peaks are

somewhat broadened, sometimes asymetric and, ex-
cept  for  the peak in  the 15.5-18.1 A range,  of  low
intensity. These suggest small crystall i te size and poor

crystall inity. It is possible that zaherite is an inter-
mediate stage, perhaps metastable, in the formation
of  a lumini te.
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