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New data on georgiadesite 
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ABSTRACT. The chemistry and crystallography of 
type geor~adesite from Laurion, Greece, have been re- 
examined using electron microprobe analysis along with 
powder and single-crystal X-ray diffraction. Georgia- 
desite is monoclinic, P21/c , with a = 13.803(10), b = 
7.910(2), c = 10.812(4) A, and fl = 102.68(3) ~ No twinning 
was observed. The probable chemical formula is either 
Pb16(AsO4)4Cl1402(OH)2 o r  P b 1 6 ( A s O 4 ) 4 C 1 1 4 ( O H ) 6 .  

The calculated densities for these formulae are 6.39 and 
6.44 g/cm 3, respectively, compared to a measured value 
of 6.3 + 0.3 g/cm 3. 

T HE mines and associated slag deposits at Laurion, 
Attike, Greece, are renowned for their production 
of rare and exotic mineral species, some of which 
are unique to that locality (Kohlberger, 1976). One 
of the rarest of these is georgiadesite, whose exist- 
ence was discovered by Lacroix and de Schulten 
(1907, 1908) on what was, until  recently, a unique 
specimen. The new mineral was described as being 
a lead arsenate chloride of probable formula 
Pb3(msO4)C13 and orthorhombic-pseudohexagonal 
symmetry. The original morphological data were 
subsequently reinterpreted by Palache (Palache et 
al., 1951), who considered the crystals to be mono-  
clinic but  composed of 'polysynthetic lamellar 
twins'. 

In the last three years additional specimens of 
georgiadesite having a provenance similar to that 
of the type specimen have come to light. D u n n  and 
Rouse (1980) and Schnorrer-K6hler et al. (t981) 
have reported georgiadesite occurring with one 
or more of the minerals nealite, laurionite, and 
phosgenite lining cavities in specimens of slag from 
Laurion. In the present report we re-examine the 
chemistry and crystallography of georgiadesite 
using crystals from a port ion of the type speci- 
men, which had been presented to the American 
Museum of Natural  History (AMNH no. 28427) 
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by Professor Claude Guillemin. We also present 
the first published set of powder X-ray diffraction 
data for georgiadesite, which should facilitate the 
discovery of new occurrences of this previously 
obscure mineral. 

Experimental methods and results. Georgiadesite 
was chemically analysed with an A R L - S E M Q  
electron microprobe using an operating voltage of 
15 kV and a beam current of 0.15 #A. The standards 
used were synthetic P bO for lead, Cu2(AsO4)OH 
for arsenic, and NaCt for chlorine. No additional 
elements of atomic number  nine or greater were 
detected. The intensity data were corrected by the 
computer program MAGIC-4  and the resulting 
quantitative analysis, together with the original 
analysis of Lacroix and de Schulten (1907, 1908), 
appears in Table I. 

Fragments of a georgiadesite crystal identical in 
appearance to the drawing in Lacroix and de 
Schulten (1908) were examined by the precession 
and rotating crystal methods. The mineral proved 
to be monoclinic, P21/c, with unit-cell parameters 
a = 13.803(10), b = 7.910(2), c = 10.812(4) A, and 
fl = 102.68(3) ~ The parameters were refined by 

TABLE I. Chemical analyses and unit-cell contents 
of  georgiadesite 

Present study Previous work* 
Theoryt  

wt. % atoms/cell wt. % atoms/cen wt. % 

PbO 81.3 15.7 78.05 15.3 80.55 
AszO 5 i1.2 4.2 12.49 4.7 10.37 
CI l l .3  13.8 12.47 15.3 11.20 
H 2 0  0.41 
O - CI 2.6 2.81 2.53 
Total 101.2 100.20 100.00 

* Lacroix and de Schulten (1907,1908). Analysis recalculated to conform 
to conventional presentation. 

For  Pbl  6(AsO4)4CII402(OH)2. 
Accuracy of electron microprobe data is + 5 % of amount present. 
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l e a s t - s q u a r e s  f r o m  t he  p o w d e r  d i f f r ac t ion  da ta ,  
w h i c h  h a d  been  co r r ec t ed  w i t h  a n  N B S  s i l icon 
in t e rna l  s t a n d a r d  (a = 5.43088 A)  a n d  i n d e x e d  w i t h  
the  a id  o f  t he  s ing le -c rys ta l  p h o t o g r a p h s .  T h e  full 
set o f  p o w d e r  d a t a  a p p e a r s  in  T a b l e  II. G e o r g i a -  
desi te  is, in fact, m o n o c l i n i c  as sugges t ed  by  Pa lache ,  
b u t  n o  t w i n n i n g  r e l a t i o n s h i p  c o u l d  be  r e c o g n i z e d  
on  t he  p r e c e s s i o n  p h o t o g r a p h s .  E a c h  c rys ta l  f rag-  
m e n t  was ,  howeve r ,  c o m p o s e d  o f  severa l  indivi -  
dua ls ,  a p p a r e n t l y  in para l le l  a l i g n m e n t .  

T A B L E  I I .  X - r a y  powder diffraction data fo r  
georgiadesite* 
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i n c o n s i s t e n t  wi th  the  e q u i p o i n t  mul t ip l ic i t i es  ( two-  
fold a n d  fourfo ld)  o f  space  g r o u p  P21/c. H o w e v e r ,  
n o  wa t e r  d e t e r m i n a t i o n  cou ld  be  m a d e  by  us  a n d  
n o n e  was  r e p o r t e d  by  L a c r o i x  a n d  de  Schu l ten .  I f  
h y d r o x y l  i on  is p resen t ,  two  f o r m u l a e  a re  poss ib le ,  
b o t h  o f  t h e m  c o n s i s t e n t  wi th  the  o b s e r v e d  space  
g r o u p  a n d  dens i t y  (6.3 g/cm3).  T h e s e  a re  Pb16 
(AsO4)4Cl1402(OH)2  a n d  Pb16(AsO4)4Cl14(OH)6,  
w h i c h  yield c a l cu l a t ed  dens i t i e s  o f  6.39 a n d  6.44 
g / c m  3, respect ively .  O t h e r  f o r m u l a e  a re  poss ib l e  if 
P b  4+ or  (AsO3)  3 -  a re  p re sen t ,  b u t  th is  s e e m s  
un l ike ly  in view o f  t h e  r a r i t y  o f  t hese  i ons  in  
m i n e r a l s  gene ra l ly  a n d  the  fact  t h a t  all o f  t he  
l e a d - b e a r i n g  spec ies  a s s o c i a t e d  wi th  georg iades i t e ,  
n a m e l y  neal i te ,  fiedlerite,  l au r ion i t e ,  phosgen i t e ,  
a n d  ma t lock i t e ,  c o n t a i n  on ly  d iva l en t  lead. 

412 T h e r e  r e m a i n s  t he  q u e s t i o n  o f  w h y  the  d e n s i t y  
23o a n d  s imp le  f o r m u l a  Pb3(AsO4)C13 p r o p o s e d  b y  
323 
313 L a c r o i x  a n d  de  S c h u l t e n  a re  n o t  in g o o d  a g r e e m e n t  
231 wi th  o u r  resu l t s  o n  c rys ta l s  f r o m  the  s a m e  speci-  
513 232 men .  A poss ib le  e x p l a n a t i o n  o f  t he  d i s c r e p a n c y  
124 m a y  be  f o u n d  in t he  m i n u t e  a m o u n t  o f  m a t e r i a l  
52o (0.1249 g) u sed  by  L a c r o i x  a n d  de  S c h u l t e n  for  t he  
502 
22g or ig ina l  chemica l  ana lys i s .  T h i s  s u g g e s t s  the  p r o b -  
232 abi l i ty  o f  s u b s t a n t i a l  e r ro r s  in  the i r  resu l t s  a n d  t he  
5og 
32~ formula derived from them (M. H. Hey, pers. 
304 comm.). Moreover, if this same small quantity had 

been previously used for a pycnometric density 
determination (the method was not specified), that 
quantity may also be substantially in error. We 
believe that the new density and chemical data, 
which were determined by modern microanalytical 
methods, more correctly represent the true values 
for georgiadesite. 
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* 114.6 mm Gandolfi camera, Si internal standard, Cu-Kct radiation, 
polycrystalline specimen, visually estimated intensities, b = broadened line. 

A n e w  d e t e r m i n a t i o n  o f  the  d e n s i t y  o f  geo rg ia -  
desi te ,  m a d e  wi th  a B e r m a n  b a l a n c e  a n d  a t e m p e r a -  
tu re  cor rec t ion ,  gave  6 . 3 + 0 . 3  g / c m  3. T h i s  is 
c o n s i d e r a b l y  lower  t h a n  the  7.1 g / c m  3 r e p o r t e d  by  
Lac ro ix  a n d  de  Schu l ten .  

Discussion. T h e  uni t -ce l l  c o n t e n t s  o f  geo rg ia -  
desi te,  as c a l cu l a t ed  f r o m  t he  n e w  chemi ca l  ana l y s i s  
( reca lcu la ted  to 100~o), dens i ty ,  a n d  cell v o l u m e ,  
a re  P b  15.7(AsO4)4.2Cll 3.802.5, w h i c h  m a y  be  ideal -  
ized as  P b  16(ASO4)4C114 O2 (or  O3). A s s u m i n g  t wo  
o x y g e n  a t o m s  leads  to a n  i m b a l a n c e  in t he  va lence  
s u m s  a n d  a s s u m i n g  th ree  o x y g e n s  gives a f o r m u l a  
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