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CRYSTALLOGRAPHIC STUDY OF RASHLEIGHITE.
A MEI,IBER OF THE TURQUOIS GROUP1

Hrr,o^ Cru-Dnnsolv'R AND Huco S. Vrr,r,ennonl, Instituto de Biofisica,
Uniuersidad Austral de Clvile, V,aldiuin, Chi.le

ABsrRAcr

The lattice constants of rashleighite were determined from X-ray di.ffraction
data on polycrystalline material. The mineral has a triclinic cell similar to the
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faustite
ceruleolacite

There is also evidence of partial replacement of elements in x and
Y, giving different isomorphous series. There is not a standard criter-
ion, however, for differentiating members of these series. For example,
minerals where x corresponds to iron and copper, in armost equivarent
amounts, are simply called ,,turquois,, (Hintze, lgBB, page g4l, anal_
yses numbers 1, 5, 6, 7, L6). There is also evidence of some sub_
stitution of Po+ by Asoa in some minerars belonging to this group
(see for example Table 1, analyses 6, Z , g) .

A complete series of minerals with a chemicalcompositionintermediate
between those of turquois and chalcosiderite is known. The general

'Presented to the Eighth congress o{ the sociedad chilena de Fisica in
January 1968.
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Snnrps

(  1 ) ( 2 )  ( t )  ( 4 )  ( 5 )  ( 6 )  ( ? )  ( 8 )  ( e )  ( 10 )

Fe0 a .1 ' l

Tota l  100.00  99 .96  100.20  95 .01  99 .00  gg '51  gg '41  99 '92  100 '95  100 '00

( 1) Ideal turquots' CuO'3Al.rO{2P205'BH?O

(2)  Turquo ls ,  Csmpbe l l  coun iy ,  V i rg in la '  I ' l 5A (Schat lBr '  ' 1912)

(3)  Turquo ls ,  Los  cer r l1 l06 '  Neu l4ex lco '  USA (Jung '  1912)

(4)  Henuood i ta '  Ues t -Phoen lx  Mlne '  cornua l l ,  Eng land (co l l ins '  1876)

(5)  Henuood i ta '  Redru th '  Cornua l l ,  EnqLand '  (F tscher '  1961)

(6)  Rash le lqh i te '  Gast le -an-D inas '  s t .  co lumb Malor r  cornua l l '  Enq land

(RusseI i ,  1948)  Ana lv6 t  J .A .  Smythe

(?)  Rash1e igh l tB '  Bunny Mine ,  5 t .  Aus te I I ,  cornua l l t  Eng land (Russe l l '

1948)  AnaIVs t  J .A .  SmYthe

(B)  A lumo-cha lcos lder l te r  Schneckenste in t  Saxony '  Germany (Jahn and

G r u n e r , 1 9 3 3 )

(9)  Cha lcos lder l tEr  Phoen ix  Mlne ,  Cornua l l ,  Eng land (Maske lyne '  1875)

Ana lys t  U.  F I iqh t

(  10)  IdeaI  cha lcos ider i te  t  CuO' lFer l r 'ZP205 '8H20

formula for this series is Cu(Al, Fe)u(PO+)a(OH)8'4HrO' Minerals such

as ferri-turquois (Robinson, lg42), "henwoodite" (Fisher, 1961)'

rashleighite iRo.r"it, 1948), and alumo-chalcosiderite (Jahn and

Grurrei, lg33i, have been reported as being intermediate members. Of

all the known minerals belonging to this grouP, only tuquois and

chalcosiderite occur as single crystals. Each is triclinic Pl, and of them,

only the structure of turquois has been completely determined (cid-

Dresdner, 1965a). chalcosiderite seems to be isostructural with turquois

(Graham, 1948; Cid-Dresdner, 1965b).

ReslrlprcHrtu

According to Russell (1948) and to oul data, rashleighite does not

present single crystals suitable for X-ray diffraction work. Pieces as

small as Z7o 3 tenths of a millimeter have been shown to consist of
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several crystals. Due to this fact there are no crystallographic data
available, although Russell made reference to the existence of powder
difiraction diagrams which show that it is probably isostructu"ut *ith
turquois and chalcosiderite. A chemical analysis on material obtained
from Bunny Mine, St. Austell, Cornwall, cited by Russell (lg4g) gives
the formula CuO.3f(Al, Fe)zOs.2PrO6.gHrO, with molecular ratios
AlrO'/FerO, : 0.2044/0.133. This formula can also be written as
Cu(Al, Fe).(POJn(OH)8.4H,O + H,O + +(At, Fe)zO,; the first part of
this formula allows us to describe rashleighite as a substitutional
structure of turquois where 2 Al atoms have been replaced. by Fe atoms
in the unit cell. The extra water molecule and the excess of (Al, Fe)rO3
could be due to hydrated aluminum-iron impurities admixed in the
material al;'alyzed, as reported for turquois (Graham, 1g4g). Most of
turquois chemical analyses reported the existence of b water molecules
in the unit cell; however a 3-dimensional crystal structure determination
showed that only 4 water molecules belonged to the structure. (cid-
Dresdner, 1965a). rf rashleighite is to be considered. isostructural with
turquois its only unknown parameters would be the dimensions of the
unit cell and the proportion of Al and Fe at each Al site.

we thought that the determination of the lattice constants of rash-
leighite could be done by rto's method (Ito, 1950). The rimitation of
this method for triclinic crystals lies in the difficulty of a correct
indexing of the powder diffraction patterns, due to multiple superposi-
tions, and also in the fact that the results are reliable onry if the in-
terplanar spacings can be measured to at least B significant figures.

The indexing of rashleighite powd.er diffraction patterns was
achieved by comparison with other previously-indexed patterns of
turquois and chalcosiderite obtained under the same experimental con-
ditions. The use of a Philips diffractometer provided the required ac-
curacy in the determination of the interplanar spacings from powder
diffraction data.

UNrr-Cnr,r, Drrvrnr.rsroNs op RasulnrcHtto

tional Museum.
Powder diffraction patterns of turquois, rashleighite, and chal_
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cosiderite were obtained on a Unicam singlrcrystal X-ray goniometer'

using 60.0 and,229.2 mm diameter film-cassettes. The latter was used

mainty to improve the precision of t'he measurements of low-angle

reflections. coKo radiation was used to avoid fluorescence from iron.

The generator was set at 30 kV and 16 mA. Exposure t'imes were 2

hours for the X-ray spectra recorded using the cassette of 60 mrn

diameter and.24hours for the spectra recorded on the cassette of large

diameter. The X-ray diffraction diagrams obtained displayed the

similarity expected for three isomorphous compounds, where the di-

mensions of iashleighite's unit cell were intermediate between those of

turquois and chalcosiderite.
Ito's method for a triclinic crystal consists of the determination of

a reciprocal unit cell using any 3 non-coplanar reciprocal vectors o1ee,

,ooroo, &rrd oool, which conform to the relation

ooo,' : 
#: 

4I+i- : Qoot (1)

The relation of Qw*to the reciprocal lattice constant's is

Qnnr : hra*, I h"bx' + l'c*" * 2hka*b* CoS 7*

* 2hla*c* cos B* * 2k'lb*c* cos a*

Qtoo : oroo' : a*' Q)

Q o t o :  6 o r o ' : b * '

O o o t : c o o r ' : c * "

As the values of Qnxt. are calculated from experiment'al data, the

edge-lengths,o*, b*, c* of a reciprocal unit cell can then be calculated'

I'or the determination of the angles of the reciprocal cell, use is made

of the relation

-  Qo*o 
-  Qaro

cos 7* : -Lhk".b{

and two other similar formulae obtained for cos o* and cos B" from

7.48; b -  7.7A;c = 10.00 A; o = 68'3' ;  F 
-  7A"36' ; 'v = 65"42' '

Almost all the reflections of the powder diffraction pattern obtained

could be indexed using these parameters' There was however some

uncertainty with respect to the angles, due to the fact that' the accuracy
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of measurements depended on the presence of several pairs of symmetric
reflections such as h}l, E}l, and similar pairs for hk\ and }kl, all
correctly indexed.

In order to refine the lattice parameters obtained, new powder pat-
terns of rashleighite were recorded on a Philips diffractometer using
CoKc and also CuKo radiation. The alignment of the instrument was
carefully checked for the Cu tube, and for the Co tube the results were
corrected using CaF2 as standard. The results thus obtained were com-
pared to the calculated "powder diagram" obtained from the pre-
Iiminary lattice constants and the DFST4 prograrn (Onken, 1964).
This allowed us to check some reflections with doubtful indexes and
to know how many planes were contributing to each maximum.

The three reciprocal axes were uniquely defined with these data.
For the angles we found more useful, instead of relation (3), the
equivalent equation

1685

ooS ry* : Qhko 
- (h2a*2 + Ic2b*')

-"- '  2hka*b*

and two similar ones for cos a* and cos B", also obtained from equa-
t ion (2).

The final lattice parameters of rashleighite have been listed in
Table 2 together with the lattice constants of turquois and chalcosi-
derite. The unit cell is an all-acute-reduced cell (Balashov, 1956;
Buerger, Lg57). The calculated density is 3.07 g/cm", which com-

Ttsnn 2. A ColrpenrsoN oF TrrE Frlrer, Lerrrcn CoNsrexrs on RqsuLucnrrp
Wrrn Tnosn on Tunquors eNo Cner,cosnnnrrp

(4)

, 9 ,
a t A l

o .
! i A l

o ,
g i A l

&

n
t

vt Br l
P"ur I oz"'li
0-* lq lcnr I

Tur  quo iB

7.424

7.629

6go j6 '

69oq3,

8 5 o 5 ,

q 5 1 . 4

2 . 8 4

R a s h l B i o h i t e

1 0 . 0

6 e o r 6 ' 1 r r ' ( * )

6 g o r * g ' 1 2 0 , ( * )

6 l o  r 5  ' j r 5  '  (  * )

q12

) . o 7

C h a l . c o 6 ! d e r i t e

1 . 4 1

1 0 . 2 0

6 l o 3  1 ,

69o6,

61. 
oi .g '

1.98

( * )  
A u " " " g "  o f  f i v E  v E r u e a

3.t r2 3.22
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pares well with the experimental values of 3.00 g/cms and 3.O2 g/cm'

for the specimens from Castle-an-Dinas and Bunny Mine, respec-
tively, determined by Russell (1948).

The indexed powder diffraction pattern of rashleighit'e is given in

Table 3. Experimental conditions were: CoKo radiation, 30 kV, 16

mA (350 W normal focus tube) , divergence slit 1o, receiving slit

0.2o mm, scatter slit 1o, Fe-filter.

DrscussroN

. Measurements by diffractometer gave values of a,* , b* , c" with errors
less than 5 x 10-? reciprocal lattice units, which yields values of
V*, V, a,, b, c, with only three significant figures. Care must be taken
in the appropriate rounding of numbers in intermediate steps of the

calculation; otherwise, the length of the cell-edges might differ in as

much as 1-2A and the cell volume in 5-10A3 (Scarborough, L962) '

This is the explanation for the fact that the values for chalcosiderite

TesLu 3. Drm'rucroruprnn Powonn Drecnervr op Ragsr'prcrrrtn

hkl loba 3ca1 !/t,, hkl loua lcal L/1,,

17

27

33

1l+
1?

5 1

' t1
1 t

9

15

't00

65

001

010
100

0 1 1
111

101
110

o11

112
002

rr i
1 1 0

a.9?6

5 .223

6 .010
5 .762

4.428

4.626
4.521

4 . 1 t 1

9 . 0 4 4

6.'?2t1
o . E o  I

E . 4 a U

6.19'1

6 .031
5.1ffi

4 . 8 t?
4.43 1

4.611
4.521

4 .142
4.O80

3.74?
1.?28

1,69'7

1.460
3.q57

1.191

3 .371
t.362
3.36',|

zEO
11t

z?'l

tr22
222

1.306

3.181.

1.106 4a
1.lt l\

J .16? 12

a r?e
211

r i r  1 .697

3y. 3.456

'roi t.3s'l

a  1 4 d  1 . 1 1 1
1 . 1 0 0

t  n<R t .o6z
t .051*

1 . 0 1 5
f . 0  1 4

, . u  1 5  1 . 0 1 4
? nnq

z.szr 7:Z1Z
2.910

2.908 2 .499
2.890

,  c rR 2 .5J1
t  c ? a

z . c t z
z . q $  ? . \ ? 9

2 . 4 ? 6

2 . t + 1 6
2 . 4 1 8  z . q E

z . \ 0 6

913' t12

zaz
oof
103
1',12

1?t
12' l

oi'r
2ot
220

?ot
1t1

1 1 4
211
1 ? 1

oiz
zciZ.
'l1t

o' lz
o20
zo1
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cell-edges in Table 3 are slightly different from previously published
ones (Cid-Dresdner, 1965b) .

Rnr,erroxsHrp Bnrwnnu urn Srnucrunp or ResHLErGHrrn
exp Tuneuors

The difference in volume of the unit cells of chalcosiderite and lur-
quois is ATot-+ = 36A', whereas the corresponding difference between
rashleighite and turquois is AZs_,a = 11A8. If this difference in volume
were due to an isomorphous substitution of Al by Fe in the turquois
structure, one would expect that A76-a, = *Zon,+, which is close to
the value obtained.

This result still raised the question whether or nof rashleighite
could be an ordered substitutional structure of turquois, one in which
Fe could occupy only certain Al sites in the turquoiq structure.
Figure 1 is a representation by means of polyhedra, of one asym-
metric unit of the turquois structure, viewed along the o axis. The
aluminum positions are labeled Al1, Al2, and Al3. Sites Al1 and Alz
have similat environments: each is in the center of very distorted
oxygen octahedra with an unusually short O-O distance at the
shared edge and with angles deviating as much as 14o from ideal
values. The Al3 site is different; the coordination polyhedron is quite
regular, the maximum angular deviation from ideal values being less
than 4o (Cid-Dresdner, 1965a). If one assumes an ordered substitu-
tion, a replacement of one Al by one Fe atom in the Als site would
cause the least distorbion in the structure.

Two different turquois-like structures were then proposed for
rashleighite. One was identical with that of turquois with the excep-
iion that the Al3 site was occupied by Fe. For the second structure
we assumed a statistical distribution of one Fe atom on the three Al
sites, so that the atomic scattering factor of Al was replaced by one
calculated as

f^,,r. : */". -F 3l"t
In order to test the hypothesis that Fe "replaces" Al in the Ala

position, rough structure-factor calculations were done with both
model structures and were then compared to the observed values
obtained from the diffractometer pattern of rashleighite. For those
maxima which originate from the sum of the intensities of the X-ray
beams diffracted from more than one crystallographic plane, an
average structure factor was calculated as

1687

(hor)"'lF"*t1"" :
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Frc. 1. One asymmetric unit of the structure of turquois, represented by

means of polyhedra, viewed along the a axis. The three aluminum sites are

labelled AI', AL, and AL.

The integrated intensities were obtained by measuring the areas

under the diffraction peaks with a planimeter. These values were then

corrected for Lorenz and polarization effects.
The results of both structure factor calculations are listed in Table 4

and, although approximate, show significant differences. The dis-

crepancy index obtained for a structure with a statistical distribution

of the Fe on the three Al sites is 19 percent, whereas that obtained

assuming a selective replacement of Als by Fe is 31 percent'

In our opinion this result, suggests that rashleighite has a turquois-
like structure in which the Al sites are statistically occupied by Al or

by Fe atoms, in a proportion 2:1. In other words rashleighite can be

considered as an homogenous solid solution of turquois and chal-

cosiderite.

Tnp TunQuors-CHAr,cosrDERrrE Sgnrns

The curve of Figure 2 represents the AlzOa and FezOg contents of

the minerals belonging to the series, as obtained from different chemi-

cal analyses given in Table 1. The points conform perfectly to the

theoretical line determined by the formulae CuO'3AI2OB'2PsOb'8H2O
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for ideal turquois and CuO.3Fe2O3'2ppOs.SHzO for ideal chal-
cosiderite as end points, with the exception of collins "henwoodite".
The analyses of "henwoodite" (Table l, Nos. 4 and 5) suggest that
either the material studied by collins is different from that studied by
Fischer, or that Collins' chemical analysis is not accurate.

All the minerals of the turquois-chalcosiderite series have very
similar X-ray diffraction powder patterns and at least three of the
members (turquois, chalcosiderite, and rashleighite), have very similar
unit cells. Even when in the reported member of the series there is a
general tendency of the Fe atoms to conform to integer numbers
which might suggest an ordered substitution of Al by Fe, the results
found for rashleighite and the curve of Figure 2 indicate that the Al
sites in the turquois structure are tolerant to disorder between Al
and Fe atoms in any proportion. Thus, rashleighite, ,,henwoodite",
and alumo-chalcosiderite can be considered as solid solutions between
turquois and chalcosiderite.

Tesr,n 4. Srnucrunn Fecron Car,cur,errors ron Two possrnr,n Monnr,s o.
Rasnr,orcrnro Basnn oN rup Tuneuors Srnucruno

( F l o d s l  A  a s a u m e a  t h a t  t h e  l r o n  i e  a t a t l e t l c a l t v  d i 6 i r l b u t e d  o n  t h e

t h r e e  A l  s i t e s .  l t l o d e l  g  a s s u m e s  t h a t  A l l  h a s  b e e n  r e p l E c s d  b y  F e )

h k I foua l f""rl uu
Model Al ModBl.  B

hk l fobe u.",1
Moo'r-i-r $Xaer a

0 0 1

0 1 0
100

0 1 1
1 1 1

1 0 1
1 1 0

roi
0 1 ' t

112
oE2

111
1 1 0

1'11
211

1 1 1

210
021

o'ti
o2E
281

200
'113

8S

1At

'11

8 1

168

82
9',!

8't

120

355

"197

291

60

8S

170

1 1 0

15S

70
6 8

7t

10s

l9s

21A

382

159

2 3 1

t+2

8 1

8'l
B4

99

11Ir

\ 1 7

192

387

22' l

o22
222

n l l

112

202
rJE.

112

123
121

02 ' l
201
220

283
13'l

' l1\

2 1 1
' t21

oiz
2oz
1 r l

12?

153

't52

zto

404

3t45

294

'r5B

2U2

72

128

120

225

495

222

'155

178

25D

8 1

129

1\'1

109

6 1 8

300

105

19S

27J

E6p1= 199 R .  .  . = 1 1 %- n k r
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\ " .

\ 1 0 -
50

F . 2 0 3  c o n t ' n t  ( w ' i g h t  % )

tr\c. 2. Graphical representation of the relationship between ALO" and Fe'O"

contents in the turquois-chalcosiderite series. The corresponding chemical analy-

ses of all the sarnples represented in the graph are listed with the same numbers

in Table 1.

The name of ,,henwoodite" was not approyed by the commission

on New Minerals and Minerals Names I.M.A. lAmer' Mineral' 51,

1279 (1966) I on the basis that the similarity of turquois and ''hen-

woodite,' X-ray powder patterns, and the chemical analysis of hen-

woodite, indicated that this was a solid solution of turquois and

chalcosiderite. By the same criteria the names of rashleighite and

alumo-chalcosiderite should not be used any longer.
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