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is fragile. The specific gravity of synthetic material 
has been measured as 2.05; calculation from the 
unit cell contents gives 2.09 and from Gladstone- 
Dale's Law, 2.00. The synthetic material forms 
stout rods elongated along c and with prominent 
{ 110}. The mineral is soluble in water. It is optically 
biaxial negative, 2V 61~ refractive indices 
1.522(2), fl 1.544(2), y 1.552(2); extinction oblique, 
angle +26(1) ~ Synthetic material is also biaxial 
negative, 2V 65~ 66~ ~ 1.521, fl 1.542, 
7 1.551; b = X,  c"Y = +25 ~ It is colourless under 
the microscope. 

(NH4)zCa(HPO4)2-H20 is dimorphic and 
mundrabillaite is referred to as form-A. Form-B is 
also monoclinic but this phase is not present in the 
mundrabillaite specimens examined. This was con- 

firmed by the X-ray powder pattern and optical 
examination following reference to PDF Card 
20-0204. 

Type specimens of mundrabillaite are preserved 
in the Government Chemical Laboratories mineral 
collection as MDC 5906. 
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Iron-rich roscherite from Gunnislake, Cornwall 
ROSCHERITE, a monoclinic hydrous phosphate 
of Ca, Mn, Fe, and Be, has so far been recorded 
from about half a dozen occurrences, usually in 
phosphate pegmatites. Originally described by 
Slavik (1914), it was not until the work of Lindberg 
(1958) that the presence of essential Be in the 
mineral was recognized. Subsequent crystal struc- 
ture work by Fanfani et al. (1977) has shown that 
a triclinic modification of roscherite exists, occur- 
ring when the mineral has a significant trivalent 
metal content. Their work suggests that the normal 
monoclinic roscherite, containing only divalent 
metals, should have a formula in the series 

Ca(Mn,Fe)aBe2(PO4)3(OH)3 �9 2H20-  
Ca(Mn,Fe)2.sBe2(PO4)3(OH)2" 3H20 

The major isomorphous substitution is therefore 
that of Mn by Fe, although replacement of Mn by 
Mg is noted in one specimen (Fanfani et al., 1975). 
A1 occurs in minor amounts as the principal 
trivalent substitution. 

Lindberg (1958) has recorded a roscherite from 
the Nevel Quarry, Newry, Maine, with an Fe: Mn 
ratio approaching 2" 1, and this has remained the 
highest iron figure obtained for the mineral. How- 
ever, the recent discovery of roscherite in cavities 

in the granite at Gunnislake, Cornwall, reported 
in this paper, provides examples of virtually end- 
member iron-bearing material. Lindberg (1958) 
suggested that the name roscherite should apply 
to all members of the structural group irrespective 
of the degree of Ca-Mn-Fe  substitution (it is now 
known that Ca does not contribute to isomorphous 
substitution in the mineral). Despite the extreme 
Fe content recorded for this roscherite, it does not, 
on the basis of Lindberg's definition, warrant a 
new name. 

Occurrence. This Fe-rich roscherite has been 
found at the Clitters United Mine (also known as 
Gunnislake Clitters), in Calstock Parish in Corn- 
wall, on a steep hillside overlooking the river 
Tamar. The mine operated mainly during the last 
century on E.-W. trending lodes, close to the killas 
contact, carrying copper, tin, arsenic, and tungsten. 
It was amalgamated with the Hingston Down Mine 
towards the end of the nineteenth century, and 
finally ceased operations in 1919. 

The main lode at Clitters United Mine was 
worked from Skinners Engine Shaft, the collar of 
which was just below the road from Gunnislake 
to Chilsworthy at GR 422719 (2�89 OS map SX 47). 
There are large dumps on the hillside below the 
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FIG. 1. (a) Botryoidal aggregates of roscherite on a matrix of apatite crystals coated with iron oxide. Specimen size 
21 x 12 mm. (b) Enlarged view of a broken roscherite spherule showing its radiating fibrous structure. Field of view 

approx. 3.5 x 2.5 mm. 

shaft and  it was here tha t  the roscheri te  was 
discovered in 1978. The dumps  were being cleared 
sporadically (and have now vanished) and  repeated 
visits resulted in the discovery of several specimens. 

The specimens known  to have been found consist  
of two types. The  most  c o m m o n  consists of dark  
sage-green spberules of roscherite, wi th  a silky 
crystalline exterior and  showing an  internal  radia t -  
ing structure. The  spherules range  up to 5 m m  in 
diameter  and  occur liberally scat tered on  top of 
minute  colourless carbonate- f luorapat i te  crystals 
l ining cavities in quartz,  wi th  a little siderite and  

ear thy red hemat i te  (fig. 1). The  second type consists 
of par t ly  i ron-s ta ined quar tz  with fiat radia t ing  
aggregates of roscheri te  to 1 cm in size on  joints,  
ra ther  resembling wavellite in appearance.  Both  
the two specimens from which the da ta  in this 
paper  have been ob ta ined  are of the former type. 

Chemical composition. Analyses of two separate  
samples of the Gunnis lake  roscheri te  have been 
made  and  are given in Table I, wi th  the analyt ical  
details as footnotes.  The two theoretical  formulae 
are the hypothet ica l  end-members  of the Fe-rich 
roscheri te  series, as formulated by Fanfan i  et al. 

TABLE I. Analyses of iron-rich roscherite from Gunnislake, Cornwall 

Wt. % Recalculated to 3(PO4) 

1 2 3 4 1 2 

CaO 9.45 10.76 9.38 9.83 Ca 0.96 1.20 
A1203 0.68 - -  - -  - -  A1 0.08 ~ - -  
FeO 27.04 30.40 36.07 31.47 Fe 2.14 I 2.29 2.64 / 
MnO 0.91 0.50 - -  - -  Mn 0.07 0.04 J 2.68 
BeO 8.49 10.05" 8.37 8.77 Be 1.93 2.51 
PzOs 37.45 34.12 35.63 37.31 P 3.00 3.00 
H20 11.95 11.80 10.55 12.62 OH 7.54 8.16 
insol. - -  0.70 - -  - -  

Total 95.97 98.33 100.00 I00.00 

* This figure may include some A1203. 

1. Dark grey-green globule from specimen BM 1980,346 analysed at the British Museum 
(Natural History) using electron probe microanalysis for Fe and Mn (pure element 
standards), Ca (analysed wollastonite standard), P (analysed apatite standard); H20 
determined using an elemental analyser and Be using atomic absorption spectrometry. 

2. Wet chemical analysis at Leeds University on central portion of bottle-green globule, 
rather heavily altered and iron stained on outside. 

3. Theory for CaFeE+Be2(PO,~)a(OH)3.2H20. 
4. Theory for CaFe2.~Be2(PO4)3(OH)2 -3H20. 
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TABLE I I .  X-ray powder data f o r  i r o n - r i c h  r o s c h e r i t e  (mater ia l  used for  a n a l y s i s  1) 
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hkl dca lc  dmeas Imeas hkl dca lc  d I hkd dcalc  d I h k ] :  d I meas meas meas meas dca lc  meas meas dmeas Imeas 

1 1 0  9 . 4 9  9 . 4 2  8 8  4 0 I  5 . 2 6 1  2 . 4 1  2 . 5 5 3  

2 0 0  7 . 8 8  7 . 8 6  8 11 r) 5 . 1 6 7  1 5 2  2 . 5 2 9  

0 0 1  6 , 6 0  3 5 0  5 . 1 6 5  5 . 1 5 6  IO0 60~  2 . 5 1 8  

6 . 4 2  6 2 0 ~  3 . 1 4 1  1 3 2  2 . 4 7 6  

0 2 0  5 . 9 4  5 . 8 8  6 2  1 1 2  5 . 0 6 5  5 . 0 7 5  5 2  5 5 0  2 . 4 6 7  

111  5 . 5 5  5 . 5 6  9 5 1 0  5 .1)48  ) 4 0 2  2 . 4 2 7  

2 0 1  5 . 2 9  ) 4 2 ~  3 . 0 2 9  ~ 3 . 0 4 3  5 2  4 2 2  2 . 4 1 7  

111  5 . 2 9  ~ 5 . 2 6  8 0 4 0  2 . 9 7 0  2 . 9 7 0  5 2  6 2 0  2 . 4 0 4  

2 0 1  4 . 8 6  2 0 2  2 . 9 5 2  4 4 0  2 . 5 7 2  

3 1 0  4 . 6 1  4 . 7 9  5 2  5 5 1  2 . 9 1 2  6 0 1  2 . 3 7 1  

2 2 0  4 . 7 4  0 2 2  2 , 8 8 3  2 . 8 9 1  10 5 3 1  2 . 5 6 4  

0 2 1  4 . 4 1  4 . 3 8  11  5 1 1  2 , 8 6 0  1 5 0  2 , 5 4 9  

4 . 2 2  4 4 2 1  2 . 8 5 9  5 5 2  2 . 5 4 5  

3 1 1  4 . 0 4  5 1 2  2 . 8 2 6  2 . 6 2 5  15  5 1 2  2 . 5 5 9  

221  3 . 9 5 1  ) 531  2 . 7 9 9  6 2 1  2 . 3 1 6  

4 0 0  3 . 9 4 2  ~ 5 . 9 3 5  5 4 4 1  2 . 2 7 0  2 4 0  2 . 7 7 9  } 

1 5 0  5 . 8 4 1  2 2 ~  2 . 7 7 7  2 . 7 7 1  7 0  5 5 1  2 . 2 6 1  

221 . . . .  1 . . . . . . .  I . . . . . . . .  
3 1 1  5 . 7 4 5  3 . 7 5 5  6 3 1 1  2 . 6 8 2  2 . 6 9 1  10  3 5 2  2 . 2 4 5  

401 5 . 5 2 2  5 . 4 6 7  5 40~ 2 . 6 4 5  151  2 . 2 2 2  

151  3 . 5 5 0  ) 2 2 2  2 . 6 4 3  7 1 0  2 . 2 1 3  

0 0 2  3 .  2 9 7  ~ 3 , 5 2 0  55  6O0 2 . 6 2 8  ~ O42 2 . 2 0 7  

1 5 1  3 . 2 8 9  3 1 2  2 . 6 2 3  ~ 2 , 6 2 8  5 8  151  2 . 2 0 4  

420 5 . 2 8 5  5 . 2 6 9  12  241  2 . 9 9 0  2 . 5 7 0  5 6 2 1  2 . 2 0 2  

0 0 5  2 . 1 9 8  1 . 5 7 1  9 

2 . 5 2 3  8 4 4 1  2 . 1 9 6  1 . 5 5 6  5 

2 0 3  2 . 1 6 7  ) 1 . 5 2 0  5 

1 1 3  2 . 1 6 7  ~ 2 . 1 7 6  2 0  1 . 9 0 0  9 

2 . 4 6 9  6 3 5 0  2 . 1 6 3  1 . 4 9 0  10  

2 4 2  2 . 1 5 8  ~ 1 . 4 7 6  4 

7 1 1  2 . 1 5 3  ~ 2 . 1 5 1  9 1 , 4 6 2  5 

2 . 4 0 0  19  3 1 2  2 . 1 5 0  1 . 4 5 6  5 

2 . 0 5 1  16  1 . 4 4 5  10  

2 . 3 6 1  12  2 . 0 2 1  9 1 . 4 5 4  6 

1 . 9 7 5  16 1 . 5 9 5  9 

1 . 9 5 4  9 1 . 5 8 4  5 

1 . 9 1 9  1 2  1 . 3 5 5  15 

2 . 3 3 2  12  1 . 8 8 3  6 1 . 3 4 6  11 

- 1 . 8 4 0  5 1 . 3 1 8  10  

5 5 1  ( 1 . 7 9 9 )  1 . 7 9 9  5 1 . 2 8 8  8 
2 . 2 6 1  9 5 5 2  ( 1 . 7 8 1 )  1 . 7 8 0  5 1 . 2 7 8  5 

1 . 7 6 3  20  1 . 2 6 5  4 

- 1 . 7 5 7  1 2  1 . 2 5 6  4 

1 . 6 9 2  11 1 . 2 4 5  4 

2 . 2 0 9  4 0  1 . 6 5 9  1 2  1 , 2 5 4  5 

1 . 6 4 4  29  1 . 2 1 0  5 

1 . 6 0 5  14 1 . 2 0 1  8 

1 . 5 8 1  16 

(1977). Both analytical determinations fall reason- 
ably close to this series, although the FeO values 
are low. The fibrous nature of the material and the 
fact that it is intergrown with carbonate-fluorapatite 
may account for these departures from theoretical 
composition. 

Optical and physical properties. The refractive 
indices of  the roscherite are a 1.628, fl 1.644, ? 1.650; 
ct]l [010], f l : [001]  24~ 2V (calc.) 64 ~ N o  inter- 
ference figure was observed. D . . . . .  was determined 
as 2.96 and Dca~c ' (from analysis 1) as 2.92. Calcula- 
tion of the Gladstone Dale relationship gives the 
chemical refractive energy Kr as 0.209 for both 
analyses, with the physical refractive energy Kp as 
0.216 (using D . . . . .  ). 

X-ray examination. The X-ray powder pattern 
for the Gunnislake roscherite, obtained on material 
used for is analysis 1 given in Table II. It is in good 
agreement with patterns published by Lindberg 
(1958), on which our initial indexing was based. 

Our pattern indexes well on a monoclinic  cell of 
a 15.83, b 11.88, c 6.62/k and fl 95 ~ in space group 
C2/c with Z = 4. 

The roscherite reported here extends the known 
range of F e - M n  substitution, from an Mn : Fe ratio 
of 10:7 (type material from Greifenstein, Saxony, 
in Lindberg, 1958) to a composit ion very close to 
the iron end member. 
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