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Summary. Thin apple-green crusts on several specimens from Hingston Down 
Consols mine, Calstock, Cornwall, proved to consist of a new mineral, alone or 
intimately mixed with pharmacosiderite (which it closely resembles), or with an 
unidentified mineral of the alunite-beudantite group having a 7.04, c 16'6/l~, or with 
both. The new mineral, for which the name arthurite is proposed, for Sir Arthur 
Russell and Mr. Arthur W. G. Kingsbury, who independently collected material 
and suggested that  i t  might be new, gives X-ray powder photographs with their 
three strongest lines at 4-28, 4.81, and 6.97 • ; the photographs could be satisfactorily 
indexed on a monoclinic unit-cell with a 10.09, b 9-62, c 5-550 ~ (all • -~), 
fi 92.25 ~ 0.2 ~ and containing [Cu2F%(AsO4)a(OH)~.6HzO]. Chemical analysis on 
1.1 mg gave: CuO 16.8, F%0332.4, A%0534-3, H~O 16.5 % (reduced to 100 ~o after 
deduction of 27-4 ~o quartz) ; sp. gr. 3-2 (calc. 3-07). Under the microscope arthurite 
is pale olive-green and very finely granular; n 1.78, birefringence low to moderate. 

S P E C I M E N  sen t  to  us  b y  Sir A r t h u r  Russe l l  in  1954 as a possible  

new minera l ,  f rom I t i n g s t o n  D o w n  Consols mine ,  Calstock,  Corn- 

wall, gave  a powder  p h o t o g r a p h  d i s t inc t  f r om a n y  in our  records,  b u t  t he  

a m o u n t  of m a t e r i a l  was  too  smal l  for ana lys i s  a t  t h a t  date .  F u r t h e r  

spec imens  f rom the  same local i ty  rece ived  f rom Mr. A r t h u r  W. G. 

K i n g s b u r y  in 1957 a n d  l a t e r  gave  v e r y  s imilar  p h o t o g r a p h s ,  b u t  i t  

b e c a m e  ev iden t  t h a t  only  ve ry  smal l  areas  of t he  t h i n  app le -green  c rus t s  

were free f rom a d m i x t u r e  w i t h  p h a r m a c o s i d e r i t e  or a n  un iden t i f i ed  

mine ra l  of t he  a l u n i t e - b e u d a n t i t e  f ami ly  1 or bo th ,  a n d  t h e  m a t e r i a l  was  

aga in  set  aside to  awa i t  d e v e l o p m e n t s  in  a n a l y t i c a l  t echn ique .  

The  p rob lem was r eopened  as soon as a dec imicroba lance ,  weighing  to  

0.1 lzg, became  avai lable .  Samples  were col lected f rom severa l  spec imens  

1 This mineral has a 7.04, c 16-6 ~, rather near the cell-dimensions of hidalgoite ; 
it proved to be too closely associated with arthurite and pharmacosiderite to give 
useful analytical data. 
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and  were all checked by  X - r a y  powder  p h o t o g r a p h s ;  none  p roved  free 

f rom pharmacos ider i te ,  the  hidalgoite-l ike mineral ,  or quartz ,  and  at-  

t e m p t s  a t  purif icat ion by  f lotat ion wi th  b romofo rm were ineffective, t he  

associat ion being too in t ima te  to pe rmi t  of more  t h a n  a small  degree of 

TABLE I. Chemical analyses of arthurite; all samples checked by X-ray powder 
photography. 

A B C A' B' C" D E 
CuO 12.1 8.4 12.4 16.8 17 14.5 17"7(?) 16.00 
Fe~O a 23"4 12.3 25"7 32.4 25 30.1 29.5 32.12 
As205 24.7 16.9 29.7 34.3 34 34"8 31-4 34.67 
H20 11 "9 11.9 17.6 16'5 24 20.6 - -  17-21 
Insol. 27.4 [ 5 0 . 5 ]  [14 .6 ]  . . . . .  
Sum 99.5 [100l [100] 100.0 100 100-0 - -  100-00 

A. Arthurite plus quartz (X9556e; from B.)/[. 1964, 80; on 2.1 mg). 
B. Arthurite plus much quartz (X378F(c); from B.M. 1964, 80; on 1.7 mg.). 
C. Arthurite with some pharmacosiderite (X9555f and g; from B.M. 1964, 75; on 

1.4 rag). 
A', B ", C'. Anals. A, B, C recalculated after deduction of insolubles. 
D. Arthurite with some pharmacosiderite from Sir Arthur Russell's original 

specimen (X9554d; B.M. 1964, 74); partial analysis on 0-4 rag. 
E. Theoretical composition of Cu~Fe4(AsO4)a(OH)7.6H20. 

concent ra t ion .  The mos t  sui table sample  h a d  quar tz  as the  only impur-  

i ty  de tec tab le  by  X - r a y  powder  pho tographs ,  and  por t ions  of 1"1 and  

1"0 mg of th is  were t aken  for analysis  (A, table  I). Other  samples  (B, C, 

D) gave conf i rmatory  results .  

Water was deternfined as loss of weight of the 1.1 mg sample on ignition just 
below red heat ; the residue was dissolved in conc. HC1 and the insolubles filtered off 
by placing a small piece of thick filter-paper in the drop of solution and sucking the 
liquid through it into a capillary tube, washed with dilute HC1, ignited and weighed. 
Ammonium citrate was added to the solution and the pI{ brought to approx. 9"0 ; 
copper and other heavy metals were extracted with diphenylthiocarbazone in CC14, 
and after acidification and extraction of excess reagent the iron was extracted with 
0-1% 8-hydroxyquinoline in chloroform and deternfined in this extract by colori- 
merry at 580 m/x. The diphenylthiocarbazone extracts were washed with 1 : 500 HC1 
and the washings examined for Pb, Zn, etc. (none was found); the copper-bearing 
CC1 a layer was evaporated, diphenylthiocarbazone destroyed by gentle ignition, and 
the copper determined by colorimetry of its diethyldithiocarbamate complex in 
CC] 4 at 440 m~. Arsenic was determined on the 1-0 mg sample by molybdenum- 
blue colorimetry after distillation as AsCI a. 

An acem'ate  specific g rav i ty  could no t  be ob ta ined  owing to the  inti-  

m a t e  i n t e rg rowth  wi th  o ther  minera ls ;  mos t  mater ia l  appea red  to  

remain  suspended  in a CHBr3-CtI2I  2 mix tu re  of sp. gr. 3"2 ; the  calcu- 

l a t ed  sp. gr. for a uni t  cell of the  d imensions  given below and  conta in ing  

Cu2F%(AsOa)a(OH)v6H~O is 3"07. Together  wi th  the  X - r a y  da ta  (below) 
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these results show that  the mineral is one not hitherto recognized, and 
we propose the name arthur~te (pronounced A.RTItEI~AIT) in honour of 
Sir Arthur Russell and of Mr. Arthur W. G. Kingsbury, both of whom 
have made outstanding contributions to our knowledge of the minerals 
of Britain. 

FIG. 1. X-ray powder photograph of arthurite. Co-Ka radiation, 11.46-cm 
diameter camera. 

Under the microscope, the arthurite is pale olive-green, with a low-to- 
medium birefringenee and no marked pleoehroism; owing to its finely 
granular nature, only a mean refractive index, n 1.78, could be measured. 

X-ray powder photographs were taken of several samples of arthurite ; 
two samples i gave identical results, which are given in table I I  and are 
believed to represent the pure mineral, because all these lines are present 
with the same relative intensities on all the films, no matter what impuri- 
ties are present, and because apart  from five extremely weak lines this 
pattern can be indexed efficiently ; failure to index was one of the criteria 
used to reject earlier films as representing impure specimens and we per- 
sisted until  the results in table I I  were obtained. On all the specimens on 
which it has been identified, the arthurite forms a thin apple-green crust ; 
it is always mieroerystalline and unoriented. On one sample the surface 
of the crust was a dull yellowish grey, but  the interior was green; a 
sample from this crust contained seorodite, which was also present in 
small amount on part  of the original specimen from Sir Arthur Russell. 
On most of the specimens, however, the impurities, which seem to be 
concentrated near the surface of the crusts, are pharmaeosiderite (fairly 
well erystMlized) or a member of the alunite-beudanti te  group (see 
above) or both ; the crust does not come away from the matrix cleanly, 
and many samples contained more or less quartz or fluorite from the 
matrix. 

Trial and error showed that  if the first three lines of the powder photo- 
graph are indexed as 100, 110, and 200, a well-populated rectangular 

1 The samples taken for X-ray study were usually only about 10-30/xg ; samples 
of 1-3 mg were collected for chemical analysis with some difficulty. 
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T A B L ~  I I .  X - r a y  p o w d e r  d a t a  f o r  a r t h u r ] r e  ( C o - K a  r a d i a t i o n ,  1 1 ' 4 6  d i a m .  c a m e r a ) ,  

i n d e x e d  o n  a u n i t  c e l l  h a v i n g  : a 1 0 . 0 9 ,  b 9 . 6 2 ,  c 5 " 5 5 0  A ,  fl 9 2 . 2  ~  S y s t e m a t i c  a b s e n c e s  

t o  b e  e x p e c t e d  f o r  s p a c e - g r o u p  P21/c  a r e  i n d i c a t e d  b y  a n  a s t e r i s k  ( * ) ,  b u t  a r e  

p r o b a b l y  a c c i d e n t a l  ( s e e  t e x t )  

s i n  2 0 s i n  e 0 d 
hkl c a l c .  o b s .  o b s .  �9 

100  0 . 0 0 7 8 8  0 "0 0 7 8 5  1 0 . 0 8  v s  
0 1 0  0 . 0 0 8 6 6  - -  - -  * 
110 0 . 0 1 6 5 4  0 . 0 1 6 5 2  6 .97  v v s  (3)  
0 0 1  0 - 0 2 6 0 5  - -  - -  * 
2 0 0  0 . 0 3 1 5 2  0 " 0 3 1 5 6  5 . 0 4  w 
10]- 0 "0 3 2 8 3  - -  - -  * 
0 2 0  0"03464) `  
0 1 1  0 - 0 3 4 7 1 J  0 " 0 3 4 7 0  4-81 v v s  (2)  

101 0 . 0 3 5 0 3  - -  - -  * 
0 "0374  4 . 6 2  v v v w  

2 1 0  0 . 0 4 0 1 8  0 "0 4 0 1 7  4-48 m 
111 0 - 0 4 1 4 9  - -  - -  - -  
120  0 "0 4 2 5 2  - -  - -  - -  
111 0 . 0 4 3 6 9  0 " 0 4 3 6 4  4-28  v v s  (1)  
~ - -  0 "0532  3"88 v v v w  

2 0 1  0 "0 5 5 3 7  - -  - -  * 
201  0 -0 5 9 7 7  - -  - -  * 
0 2 1  0 - 0 6 0 6 9  - -  - -  - -  

- -  0 ' 0 6 1 0  3 .62  v v v w  
211  0 "0 6 4 0 3  - -  - -  - -  
2 2 0  0 . 0 6 6 1 6  - -  - -  - -  
121 0*06747 0 " 0 6 7 5 8  3"44 m s  
211 0 " 0 6 8 4 3  - -  - -  - -  
121 0 "0 6 9 6 7  - -  - -  - -  
300  0 "0 7 0 9 2  0 "0 7 0 9 5  3 ' 3 6  w 
(130 0 - 0 7 7 9 4  - -  - -  * 
3 1 0  0 "0 7 9 5 8  - -  - -  - -  
130  0 . 0 8 5 8 2  0 " 0 8 5 9 7  3 . 0 5  m w  
2 2 1  0 -0 9 0 0 1  0 " 0 9 0 0 3  2 . 9 8 3  ,m 
3 0 l  0 ' 0 9 3 6 7  - -  
221  0"09441  0 " 0 9 4 4 2  2"912 s 

0'--27100 0"0980  - -  2"858  _ _  v v v w  * 
301 
3 1 1  0 ' 1 0 2 3 3  0 " 1 0 2 1 3  2 ' 8 0 1  v s  
0 3 1  0 "1 0 3 9 9  - -  - -  - -  
0 0 2  0"10420) `  
320  0 " 1 0 5 5 6 S  0 "1 0 4 9 5  2"768  m w  

311 0 - 1 0 8 9 3  - -  - -  - -  
2 3 0  0 -10946) `  
10_2 0 " 1 0 9 8 8 J  0"10957  2 . 7 0 3  m 

131 0 -1 1 0 7 7  - -  - -  - -  
0 1 2  0 . 1 1 2 8 6  
131 0 . 1 1 2 9 7  } 0 "1 1 3 6 9  2"655  n l  
102  0 . 1 1 4 2 8 !  
112  0 . 1 1 8 5 4  0 "1 1 8 6 7  2 ' 6 0 0  m 
] 12  0 . 1 2 2 9 4  0 " 1 2 2 1  2 - 5 5 9  v v w  
4 0 0  0 . 1 2 6 0 8  0 ' 1 2 6 0  2"520  v v w  
3 2 1  0 .12831  - -  - -  - -  
2 0 2  0 - 1 3 1 3 2  0 " 1 3 1 2 4  2 . 4 7 3  w 
2 3 1  0"13331  - -  - -  - -  
4 1 0  0 . 1 3 4 7 4  0 ' 1 3 4 6 8  2"438  m 
321 0 . 1 3 ~ 9 1  - -  - -  - -  
231 0*13771  - -  
0 4 0  0 - 1 3 8 5 6  0 " 1 3 8 5  2 - 4 0 3  v w  
0 2 2  0 - 1 3 8 8 4  - -  - -  - -  
2 1 2  0 " 1 3 9 9 8  - -  - -  - -  
2 0 2  0 ' 1 4 0 1 2  - -  - -  - -  
1 2 2  0 " 1 4 4 5 2  0 " 1 4 4 8 8  2"349  w v  
1 4 0  0 " 1 4 6 4 4  - -  - -  - -  
4 0 T  0 - 1 4 7 7 3  - -  - -  * 
2 1 2  0 . 1 4 8 7 8 }  
3 3 0  0 "1 4 8 8 6  0 " 1 4 8 5 5  2"321  m w  
1 2 2  0 - 1 4 8 9 2  

- -  0 - 1 5 3 8  2-28  v v v w  
411 0 " 1 5 6 3 9  - -  - -  
401  0 "1 5 6 5 3  - -  - -  

s i n "  0 s i n  ~ 0 d 
hkl e a l c .  o b s .  o b s .  I 

420  0.16(172 - -  - -  - -  
041  0 . 1 6 4 6 1 )  
411 0"16519  f 0 . 1 6 4 8 2  2 . 2 0 3  I n s  

2 2 2  0 . 1 6 5 9 6  - -  - -  
302  0 - 1 6 8 5 2  0 . 1 6 8 4  2 1 8 0  v v w  
2 4 0  0 ' 1 7 0 0 8  - -  - -  - -  
1 4 ]  0 "17139  . . . .  
33~ 0 -17161  - -  - -  - -  
141 0 " 1 7 3 5 9 )  
2 2 2  0 " 1 7 4 7 6 ~  0 " 1 7 4 1 8  2 -143  m w  

3 1 2  0 ' 1 7 7 1 8  - -  - -  
331 0"17821  0 - 1 7 8 3 4  2 ' 1 1 8  w 
302  0"18172  - -  - -  - -  
0 3 2  0 - 1 8 2 1 4  - -  
4 2 T  0 - 1 8 2 3 7  0 . ] 8 2 4 3  2 . ~ 7  m w  
1 3 2  0 - 1 8 7 8 2  0 - 1 8 8 5  2 . 0 6 1  v w  
312  0 - 1 9 0 3 8  0"1908  2 -048  w 
421 0"19117  - -  - -  - -  
132  0 . 1 9 2 2 2 ) .  
2 4 1  0 " 1 9 3 9 3 J  0 . 1 9 3 2  2 - 0 3 5  v w B  

500  0 - 1 9 7 0 0  - -  - -  - -  
241 0 . 1 9 8 3 3  - -  - -  - -  
3 2 2  O .20316) `  
4 3 0  0 - 2 0 4 0 2 J  0 " 2 0 3 3  1-984  m w B  

510  0 " 2 0 5 6 6  - -  
2 3 2  0 . 2 0 9 2 6  0 . 2 0 9 3  1 ' ~ 5  w 
340  0 - 2 0 9 4 8  - -  - -  - -  
322  0 ' 2 1 6 3 6  ] 
0 5 0  0 . 2 1 6 5 0  
5 0 1  0 . 2 1 7 5 5 [  0 - 2 1 7 2  1 . 9 1 9  v v w B  

2 3 2  0 . 2 1 8 0 6  ] 
4 0 2  0 - 2 2 1 4 8  - -  - -  - -  
150  0 " 2 2 4 3 8 )  
4 3 1  0 - 2 2 5 6 7 J  0 - 2 2 4 9 8  1"887 n l w  

5 1 l  0 ' 2 2 6 2 1  - -  - -  - -  
501  0 ' 2 2 8 5 5  - -  - -  * 
412  0 - 2 3 0 1 4  0 . 2 2 9 8  1 -866  v v w  
520  0"23164  - -  - -  - -  
34]- 0 - 2 3 2 2 3  - -  - -  - -  
0 0 3  0"23445  - -  - -  * 
4 3 t  0 "23447  - -  - -  - -  
511 0 -23721  - -  - -  
341 0"23883  0 " 2 3 8 5 3  1 ' 8 3 3  VW 

f u r t h e r :  

d obs. I 

1 ' 8 1 6  v w  
] "789 w B B  
1-752  v v w  
1"729 m w  
1 . 7 1 2  w 
1 -694  m w B  
1-669  v w  
1"657 v v w  
1"639 v w  
1 . 6 1 3  v v w  
1-605  w 
1 ' 5 9 1  w 
1 "574 v v w  
1 "558 v w  
1 "540 v v w  1 '202  
1 "528 m w  1 "179 
1"518 w B  ] "144 
1 -499  v w  1 ' 1 3 1  
1 -490  v v w  ] ' 117  
1 . 4 8 2  v w  1 "103 
a n d  1 l  n l o r e  b r o a d  l i n e s  

d obs. I 

1"463 m w  
1"446 m w B  
1"428 v v w  
1 ' 4 1 7  v w  
1"402 v w  
1 -379  m w B  
1 . 3 5 3  v w B  
1 . 3 2 6  m w B  
1-301 v w  
1 ' 2 8 6  v w  
1 -273  v w  
1 . 2 5 5  w 
1 .231  w 
1 . 2 2 7  w 

v v w  
v w  
v v w  
v v w  
w 
w 
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zone of reflections is present, with odd orders of 0k0 probably absent; 
assuming that  the rectangularity of this zone is not accidental, the 
symmetry must be monoclinic or higher. The first line not indexable as 
hkO has d 4-28 •, and there are only four other lines of this type with 
spacings larger than 2"8/~ ; assuming these five are of type Md, they may 
be indexed by a modification of Vand's method, 1 and give a unique 
solution with b as the monoelinic symmetry axis: a 10.09, b 9.62, c 5.550A 
(all • _~), fl 92.204-0-2 ~ Values of sin20 for all possible diffractions 
as far as d 1-83 1 have been calculated (table II) ; they agree well with 
the observed values, and the good proportion of possible diffractions 
actually observed at spacings greater than 2"5 ~ suggests that  the cell is 
most probably correct. There are, however, a number of extremely weak 
lines that  cannot be indexed on this cell and do not appear to be due to 
impurities. They could be indexed by doubling a or b or both. 

No diffractions of type 0k0 with k odd or hOl with 1 odd were observed, 
which would lead to the space-group P21/c. In this space-group there 
are only twofold and fourfold equivalent positions, whereas the celt- 
dimensions, analysis, and density indicate a cell-content Cu2F%(As0,)a 
(OH)7.6H~0 (with some uncertainty over the water content), in which 
the number of AsO 4 groups is odd; it does not seem possible that  the 
chemical data or density could be far enough out to lead to even num- 
bers of Cu, Fe, and As atoms in the unit cell, and both the ' systematic'  
absences must be accidental, leading to space groups P2, Pm or P2/m. 
Confirmation of the unit-cell, space-group, and water content must awaig 
the discovery of better crystallized material. 

1 V. Vand, AeL~ Cryst., 1948, vol. 1, p. 290. 


