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Sasaite, a new phosphate mineral from 
West Driefontein Cave, Transvaal, South Africa 
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s u M M A R Y. A new mineral, sasaite, occurs as white chalky 
nodules in the soil of a dolomitic cave and seems to be 
derived from the action of bat guano on clay minerals. 
Under the microscope it consists of an agglomeration 
of plates IO-2O ~m on greatest dimension and with 
a rhombic shape. Its formula is (A1, 
Fe3+)l,(PO4hI(OH)vSO4.83H~O and it is ortho- 
rhombic or quasi-orthorhombic. Preliminary crystallo- 
graphic data based on an orthorhombic cell are a aI.5O, b 
3o.o4, c 92-o6 A, ZIO, based on a calculated density of 
1.747 (observed I"75). The optical indices are :t 1"465, fl 
I'473, 7 1"477 all +o.ooI, and the principal vibration 
directions are parallel or quasi-parallel to the crystallo- 
graphic axis. 

SASAITE forms soft white chalky nodules, up to 2 
cm in diameter, generally pure and monomineralic,  
in the reddish soil of  the dolomite cave of  West 
Driefontein near Carlstonville, western Transvaal 
(Martini et al., I977). Apart  from nodules, it is 
found as an efflorescence on mud-cracks in the 
Deep Range Chamber,  in the same cave. It is also 
found in the Apocalypse pothole, located in the 
same area, as a more restricted occurrence. 

The name sasaite is derived from South African 
Speleological Association, the members of  which 
explored West Driefontein (;ave for the first time 
and discovered the mineral. Type material is de- 
posited in the Museum of the Geological Survey, 
Pretoria, South Africa. 

Chemistry. Wet chemical analysis of  sorted ma- 
terial from the Deep Range Chamber  in West 
Driefontein cave gave: A1203 21.65, Fe20  3 I-o5, 
M n O  o-oi, M g O  o-o7, Ca()  o.I2, SrO o.o2, SO3 
2"77, P205 24"t6, H 2 0  49"5 o, F o'o3, insol. (detri- 
tal quartz and organic matter) o'o7, sum (less O for 
F) 99"44%. SiO2 is not detectable (<  o.1%); K 2 0  
< 0"0I %; N a 2 0  < 0"0I %, (NH4)20 < 0"02 %. 
According to these data, on a basis of  fourteen 
cations, the formula is: (Alxy46oFeo.,xvCao.o68 
Mgo.os 5)~:t 4(PO4)t o.v 89(OH)-1.3 t 6(SO4)1.o97.83"51 
H20,  or  after simplification: (A1,Fea+)Ia(PO4)ll 
(OH)7SO4.83 HzO. 

Semi-quantitative microprobe analyses on four 
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other samples collected at various places in West 
Driefontein Cave and yielding a similar X-ray 
pattern indicate that SO3 is fairly constant but 
Fe203 and the P2Os/A1203 ratio vary slightly. 
These last data suggest the possibility of  some 
replacement of  P O ,  by OH. 

At ambient temperature the mineral loses water 
rapidly in amounts varying according to the air 
humidity; about 12% of the total weight in or- 
dinary atmosphere, 22 % in a silica-gel desiccator. 
After two weeks it hydrates entirely again in a 
water-saturated atmosphere. It is readily soluble in 
strong acids. 

Thermal data. Micro-differential thermal ana- 
lyses and thermo-gravimetric experiments show 
endothermlc reactions at i00 ~ (20~/o loss in 
weight due to vaporization of  water liberated 
below IOO ~ at I2o ~ (9 % loss of  water), and at 
I5o ~ ( I7% loss of  water). A weak exothermic 
inflection at 8oo ~ might perhaps indicate that 
A1PO4 is building a tridymite or cristobalite struc- 
ture. In addition, there is a regular slight loss of  
weight from I5O to 5oo ~ (3 % loss of  water from 
O H  ?) and from 800 to 1200 ~ (3'5 % loss of  SO 3 ?). 

The mineral is infusible, and on calcination turns 
a light buff colour. 

Crystallography. Under  the microscope the mi- 
neral appears as platelets of  up to IO-2O #m in 
greatest dimension, with a characteristic rhombic 
shape, building up vermicular forms consisting of  
long piles with a twisted c-axis (fig. i). The faces 
{Iio} are always well developed, but small faces 
corresponding to {1oo} and {olo} are also obser- 
ved. The cleavage {ooi} is perfect. 

The X-ray pattern shows a large number of  lines, 
all well-marked and sharp when the mineral is fresh 
(Table I). As soon as dehydration starts, even at 1% 
loss o f  H20,  most reflections shrink to varying 
extents, depending on the percentage of  water 
loss (Table II). Partly-dehydrated material shows 
broader and less distinct peaks due to a loss in 
crystallinity. An attempt to index the pattern has 
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FIG. I. Electron microscope photo of sasaite. Note the 
rhombic shape of the platelets and their accumulation 

along twisted axes. 

been conducted on the assumption, based on the 
optical data, that the mineral is orthorhombic, that 
the strongest line is the single ool reflection (from 
the X-ray pattern of material sedimented on a glass 
plate), that the a:b ratio is obtained from the 
rhombic shape of  the platelets, and that the shrink- 
age due to desiccation must be taken into account. 
As the calculated d-values do not  always coincide 
with the observed values, and because the celt is 
unusually large, the data presented here are pre- 
liminary: a 21-5o, b 3o'o4, c 92'06 /~, Z = IO; 
calculated density 1-747 (observed by pycnometer, 
1.75 ) . For  silica-gel-dried material the values are: 
a 21-36, b 29-64, c 74"95/~l. It is possible that t h e  
mineral is monoclinic or triclinic and that smaller 
cells could be calculated. 

It is reasonable to assume that sasaite has a sheet 
structure like vashegyite and kingite (McConnell, 
1974), the minerals bearing the closest resemblance 
to it; it has been proposed that replacement of  P 
and AI by protons plays an important  role in the 
structure of these minerals. By similarity it is 
possible that this is also the case with sasaite. 

Optical data. The mineral is transparent and 
colourless. For  fresh material in white light ct 
= 1-465, /3 = I'473, Y = 1"477, all _+o.ooI. For  
silica-gel-dried material, ~ = I'491 +o.ooI,  /3 = 
I '5oo+o 'oo i ,  ~ = I-5o4+o'oo2. Partly hydrated 
material shows intermediate values. The optical 
orientation is: ~1[ [ooi]  (-[-I~ fill [OLO] (_+3~ 711 
[IO0] (+.3~ 

Origin. Sasaite is to be added to the long list of  
cave minerals derived from bat guano. Due to the 
oxidation of the organic matter, various inorganic 
ions are produced, including PO 3- and SO ] -  
(Bridge, I973). Water that has leached guano is 
generally strongly acidic and reacts with the clay 
minerals of the cave soil, forming various minerals 
including sasaite. In the West Driefontein Cave, the 
other phosphate species found in soil are variscite, 
strengite, phosphosiderite, leucophosphite, and 
apatite. Evansite, montgomeryite, crandallite, 
brushite, gypsum, and manganese-dioxide minerals 
have been found in the same cave (Martini et al., 
I977). They also are derived from the bat  guano but  
they do not  occur in soil and are constituents of 
guano or form speleothems. 
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