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Connellite, buttgenbachite, and tallingite 
(With Plate II) 

By F. A. BANNISTER, MAx H. HEY, an(]. G. F. CLAttINGBULL 

Department of Mineralogy, British Museum (Natural History) 

T HERE are many basic copper chlorides and sulphates which occur 
as minerals but have received little recent crystallographic study. 

Yet copper is a widely distributed element and many of these minerals 
are the products of corrosion and weathering of bopper and copper ores. 

In 1948 we were able to confirm the earlier goniometric work of 
G. F. Herbert Smith (1906) that paratacamite and atacamite are not 
identical species (Max H. Hey, 1950) and showed that the two minerals 
give different X-ray powder patterns. This result was further extended 
by Clifford Frondel (1950) to a single 'crystal and thermal study of 
paratacamite, in the course of which he measured the rhombohedral 
unit-cell dimensions and showed that this mineral can be artificially 
produced by various methods as well as by the action of salt-water on 
copper. We now find from an X-ray study of all atacamites and para- 
tacamites labelled as such in the British "Museum collections, that only 
one occurrence of the orthorhombic mineral itself is  known in the 
British Isles, namely at Roughtongill. 1 I t  is parataeamite, not atacamite 
that occurs at the famous Cornish locality, Botallack mine, St. Just. 

Frondel (1950) also studied copper chlorides related to paratacamite 
and was supplied by us with specimens not only of paratacamite itself 
but also of tallingite and botallachite. Frondel came to the conclusion 
that botallackite Cu4(OH)sCI~.3H~O is a mineral with optical properties 
and X-ray powder pattern entirely different from those of paratacamite 
and ' of other known copper minerals as far as could be determin(~d'. He 
gave powder data in his paper, and we have since obtained almost 
identical spacings and relative intensities. So far as is known at present 
botallackite is a species in its own right, but we know neither its sym- 
metry nor its crystal structure. Moreover, its formula rests upon one 
chemical analysis by A. H. Church (1865). 

Frondel suspected, from the two specimens available to him, that 
tallingite is identical with paratacamite. Our own X-ray photographs of 
tallingite, however, showed that it should rank as an independent 

1 B.M. 31622a, bought of Mr. D. Lowry, 1860. 
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species. We therefore intended to publish powder data for tallingite as 
soon as we could satisfy ourselves tha t  Church's analyses of the mineral 
were not analyses of a mixture of tallingite and paratacamite,  the two 
minerals being usually closely associated. 

At that  time A. W. G. Kingsbury, who had been collecting many  
specimens from the forsaken dumps and mines of Cornwall, also sus- 
pected that  tallingite was of species rank. IIe had enlisted the help of 
H. Neumann and later of J. Hart ley in the Dept. of Geology, University 
of Leeds, to take X-ray photographs of many  of his specimens and also 
of species he supposed to be relevant to his investigations. Most fortu- 
nately Hart ley took powder photographs of connellite and found them 
to be identical with tallingite. This information Kingsbury generously 
placed a t  our disposal. 

Connellite occurs in slender hexagonal blue prisms at  many  Cornish 
localities; Grand Central mine, Tintic district, Utah;  and in Namaqua- 
land; South Africa. 1 Powder photographs of specimens from these locali- 
ties are identical (table I), and we )lave confirmed Hart ley 's  identifica- 
tion of tallingite. We have also shown that  tallingite like connellite 
contains sulphate as well as chloride. Our Photographs are reproduced in 
pl. II,  figs. 1-'3, together with the pattern for buttgenbachite (fig. 4), which 
A. Schoep (1927) considered to be closely related to connellite (Hey, 
1950). All the powder patterns (table I) are almost identical in the 
positions of the diffraction lines and their relative intensities; and all 
diffraction lines observed for connellite from 13"7 down to 2-29 -~. have 
been indexed, using the appropriate Bunn chart and the axial ratio c/a 
derived from our single crystal measurements. Rotation, oscillation, 
and Weissenberg equi-inclination photographs (pl. li, fig. 5) have been 
about the c[0001] and b[l120] axes of a prism of connellite from B.M. 
60566, St. Day United Mines, Cornwall. ~ These confirm hexagonal 
symmetry  and yield a simple rhomb-based cell with dimensions a = 
15-82, c ~ 9.14/~. The only systematic absences recorded for all the 
observed diffractions are of the type hh2~l for I odd. Itence the space- 
group may be D~h-C-62c, C~6~-C6mc or D~h--C6/mmc ; and H. A. Miers 
(1894) failed to detect any pyroelectricity in the mineral. The ratio c/a 
is exactly one-half of the value of the axial ratio c/a = 1.1562 obtained 
for a crystal of connellite by N. Story-Maskelyne (1863) on a single- 
circle goniometer. Based upon our axial ~atio obtained by X-ray 
measurements Maskelyne's form (1011) now becomes (2021). 

1 Also at Bisbee, Arizona, but no specimen is available to us for X-ray or chemical 
study. 2 Probably from the C. F. Greville collection, purchased 1810. 
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TABLE I .  X - r a y  p o w d e r  d a t a  f o r  

F.  A.  B A N N I S T E R ,  M A X  H.  H E Y ,  A N D  G. F. C L A R I N G B U L L  O N  

(.o~m(,llite, b u t t g e n b a c h i t e ,  a n d  t a l l i n g i t e  

C o n n e l l i t e .  
I d 

v v s  13 .70  
v v s  8-00  
v v w  6-90  

m 5-51 
m s  5-20  

m 4 . 5 9  

m 4-35  

v w  3 .98  

m 3 .82  

m 3-48 
v s  3 .27  

v w  2"96* 

ill ~k. 
B u t t g e n b a c h i t e .  T a l l i n g i t e .  

I d I d 
v v s  13-70 v v s  13 .20  
v v s  7-95 v v s  8-00  

m w  5.51 m 5 . 5 3  
m s  5 .20  s 5 . 2 0 *  

m 4-59 m 4 . 5 9  

m w  4 .35  m 4 . 3 2  

v w  3 .98  v v w  3 .98  

m 3.82 m 3 .82  

m 3 .44  m 3-42 
s 3 .27 v s  3 .22  

h k i l  d ~ r  
10~0  13"70 
1 1 3 0  7"90 
2 0 2 0  6-85 
2 0 3 1  5 . 4 8  
2 1 5 0  5 . 1 8  
0 0 0 2  4 .57  / 
3 0 3 0  4-57 J 
10T2 4 . 3 4  
11~2 3.97 
22YA) 3 .97  J 
31i0 3.80 
2032 3.80 j 
2 1 3 2  3 .43  
3032  3 .23  
1 0 i 3  2-97 
2~2 3.oo! 
3251 2 .97  / 
4 1 5 0  3 " 0 0 )  
4 1 5 1  2"84 
50-50 2-74  
3 2 5 2  2-59 
5 0 5 1  2 .62  } 
~ , 6 0  2 " 6 4 /  
4 2 ~ )  2-59 
4 1 5 2  2-50  
5 1 6 0  2 .46  
51~1 2.37 / 
5 0 5 2  2 .35  J 
6 0 6 0  2.28  

v w  2 .93*  v v w  2 ' 9 8 *  

v w  2 .85  v v w  2 .85  - -  - -  
v v s  2 .75  v v s  2 .75 v v s  2 . 7 4  

m s  2 .62  m 2 . 6 1 "  m s  2-61 

m 2'59 - -  - -  - -  -7- 
s 2-51 s 2.51 s 2.51  

v v w  2 . 4 6  v v w  2.47 - -  - -  

w 2 . 3 8  w 2.38 v v w  2 .38  

v v s  2 .29  v v s  2 .30  v v s  2 .28*  
m w  2-25 m w  2-26 - -  
m w  2 . 2 0  m w  2 .20  m w  2 . 1 9  

w 2 .09  v w  2 .10  v w  2 .09  
W 2 . 0 4  v w  2 .05  v w  2 .03  

m w  1-98 m w  1 .98  m w  1-98 
v w  1-91 v w  1.92 v v w  1.91 
v w  1-855 v v w  1.861 v v w  1 .853  
m w  1.811 m w  1 . 8 1 1 "  m w  1 .804  
m w  1-799 . . . .  
m s  1-754 m 1.760 m w  1-756 

v v w  1 .725  v v w  1.730 v v w  1.723 
v w  1 .673  v w  1.680 v v w  1 .674  

v v w  1-644 v v w  1-649 v v w  1-642 
v s  1 .613  v s  1.621 v s  1 .613  
m 1 .580  m 1-587"  m 1 .578  
w 1 .546  v w  1-549 w 1 .546  

v w  1 .520  v w v  1 .520 v v w  1 .516  
s 1 .488  m s  1 . 4 8 8 "  s 1 .488  

v v w  1 . 4 6 4 "  . . . .  
v w  1"443 - -  - -  v v w  1"440 
w 1 .419  w 1 .422 v w  1.417 

m w  1"392 m w  1"399 m w  1"392 
v w  1-371 v w  1.377 v w  1-371 
w 1-354 v w  1.356 v w  1 .353  

v v w  1-333 v v w  1-333 v v w  1 .333  
m s  1"313 m s  1.305 m s  1 .312  

O r d e r  o f  d e c r e a s i n g  i n t e n s i t y :  w s ,  v s ,  s,  m s ,  m ,  
a s t e r i s k e d .  

r o w ,  w ,  v w ,  v v w .  B r o a d  l i ne s  a r e  
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The  cell ( t imensions of comlell i te,  ta l l ingi te ,  and  b u t t g e n b a c h i t e  arc 

wi th in  t he  err<>rs of d e t e r m i n a t i o n  witll small cameras  ident ica l .  More-  

over ,  single crys ta l  i) l lotogral)hs of connel l i te  and  b u t t g e n b a c h i t e  a b o u t  

t he  c[(X)01] axis  are SUl)erposable. I t  is clear t h a t ,  as H.  B u t t g e n b a c h  

(1926) suggested,  connel l i te  and  b u t t g e n b a c h i t e  are i s o m o r p h o u s :  i t  is 
! " ) - , 

Of i somorph i sm,  SO 4 be ing  replaced b y  2(NO:~), a 

is p r e s m n a b l y  possible because  S()~' is only n minor .  

cons t i t uen t .  

an  unusua l  t y p e  

re t ) l acement  t h a t  

t h o u g h  essent ia l ,  

TABLE ]1. 

A B C 
Cn'" 36-4 38.5 39.3 
CI' 8.4 7.2 9.0 
S()~" 2-4 1.7 1.6 
. N ( )  3'  - -  _ _  __ 
H20 38.3 36-0 36.2 
Sp. gr. 3.364 3.396 3.54 

Unit-cell contents of connellite and buttgenbachite. 

(!* D E F G G* 
37.8 37-6 37.6 35.8 36.1 37.l 

8.6 7.8 8.1 8.2 6-8 7.0 
1 ' 5  1"6 l ' 9 5  . . . . .  

- -  0"5 0"2 - -  4 " 0  4"1 

34"8 38'8 38"0 - -  38"6 39"7 
. . . . . . . . .  3"33 -- 

A Connellite. Camhorne, Cornwall. S. L. Penfield, 18ql. Analysis on 0-(}74 gram. 
B Connellite, Calumet and Arizona mine, Bisbee, Arizona. (!. Palache and H. E. 

Merwin, 19(}9. Analysis on 0.73 gi~am of sele<,ted material. 
C 'Ceruleofibrite'. Bisbee, Arizona. E. F. Holden, 1922, with corrections, 1924, 

Water by difference. 
C* Holden's analysis recalculated assuming a specific gravity of 3.41. 
]) Connellite. Czar mine, Bisbee, Arizona. W. E. Ford and W. M. Bradley, 1915, 

Specific gravity assumed to be 3-41. 
(!onnellite. Grand Central mine, Eureka, Tintic district, Utah. W. E. Ford and 

W. M. Bradley, 1915. Specific gravity assumed to be 3.41. 
F 'Footeite ' .  C(>pper Queen mine, Bishee, Arizona. G. A. Koenig, 1891. Analysis 

on 0.0165 gram ; St) a not tested for, but later shown to he present in the type 
material. 

G Buttgenbaehite. Likasi, Belgian Congo. A. Schoep, 1925. 
G* Schoep's analysis recalculated assuming a specific gravity of 3.424. 

Owing to t he  smal l  pe rcen tage  of SO'[ p resen t ,  to  t he  r a r i t y  of t he  

minera l ,  a n d  to the  f r equen t  presence of o the r  copper  minera l s  accom-  

p a n y i n g  it ,  t h e  chemica l  fo rmula  of connel l i te  is still  in  doub t .  W e  h a v e  

ca lcu la ted  t h e  empir ica l  unit-cel l  c o n t e n t s  for all t he  ava i l ab le  ana lyses  

a c c o m p a n i e d  b y  specific g r a v i t y  d e t e r m i n a t i o n s ,  and  o b t a i n  t he  resu l t s  

in co lunms  A - C  of t ab le  I I  ; these  show a m a r k e d  v a r i a t i o n  in all const i -  

t u e n t s ,  and  b y  themselve+ would leave t he  fo rmula  still  in doub t .  B u t  

i t  will be no ted  tha~  the  observed  specific g r a v i t y  for H o l d e n ' s  amdvs i s  

C (1922) is in  m~irked d i s ag r eem en t  wi th  t he  o the r  t w o ;  we therefore  

r e d e t e r m i n e d  the  specific g r a v i t y  of connel l i te ,  us ing the  same Cornish  

specimen 1 (B.M. 60566) as was used for t he  d e t e r m i n a t i o n  of uni t -cel l  

1 This specimen was tested for sulphate and nitrate and was found to contain 
sulphate only. 
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dimensions, and obtained the value D~ s 3"41-t-0"01, in close agreement 
with Palache and Merwin (1909) and fairly close agreement with Pen- 
field (1891). Adopting this new value for the specific gravity of connel- 
lite, a recalculation of Holdcn's analysis gives C* ; two analyses by Ford 
and Bradley (1915), in which account was taken of the possible presence 
of nitrate but no specific gravity was determined, give D and E when 
combined with our specific gravity and cell-size determinations, and an 
old, incomplete analysis by Koenig (1891) of footeite gives F (footeite 
was shown to be identical with connellite by Ford and Bradley). 

We next proceeded to calculate the unit-cell content of buttgenbachite 
(table II, col. G), using Schoep's analysis and specific gravity, and we 
were surprised to find that the copper content was apparently lower 
than for connellite. Suspecting that Schoep's specific gravity might be 
in error, wc redetermined the specific gravity on a type specimen 1 
(B.M. 1933,267), and obtained the much higher value 3-424_'0-01, 
leading to the unit-cell contents given in table II, col. G*. 

Remembering that the possible space-groups for connellite and butt- 
genbachite have only even numbers of equivalent positions, it is evident 
that the unit-cell contains 38Cu", 8C1', and 2S0~ or 4N0'3, but the 
water content is less certain. Most of the analyses suggest 381120, but 
the calculated specific gravity for this formula is distinctly higher than 
that observed, both for cpnnellite and buttgenbachite, and the careful 
analysis of Palache and Merwin, on specially selected material, suggests 
36H20, which gives a calculated specific gravity nearer to the observed 
value. 

In table III  the analyses of table II are compared with the calculated 
percentage compositions and specific gravities for the two possible pairs 
of formulae: 

Connellite: 2[CUlgC14SO4(OH)32.2 (or perhaps 3)H~O] 
Buttgenbachite: 2[CuIgC14(N03)2(OI-I)3~.2 (or perhaps 3)H20 ] 

�9 It  remains to consider the nature of Church's tallingite (1865), which 
our X-ray study has shown to belong to the connellite-buttgenbachite 
group. Chemical tests showed that the blue crusts of tallingite contain 
sulphate; nitrate is either absent or quite small in amount. Tallingite 
is therefore an impure connellite. 

The original tallingite analysis shows CuO 66.24 ~ C1 11.33 ~ and 
Church mentioned in a footnote that a little sulphate was present among 
other impurities ; he assigned this sulphate amounting to 0.3 ~'o SO3, to 

1 Th i s  s p e c i m e n  w a s  t e s t e d  for  s u l p h a t e  a n d  n i t r a t e  a n d  w a s  f o u n d  to  con ta i l l  
n i t r a t e  on ly ,  
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gypsum.  This  s u l p h a t e  we now  p r e s um e  to  h a v e  come f rom t h e  conuel-  

lite. The  Cu : C1 ra t io  is 2"6, while  in  p a r a t a c a m i t e  i t  is 2, a n d  in connel-  

l i te 4.75. The  ma te r i a l  ana ly sed  was p r o b a b l y  m a i n l y  p a r a t a c a m i t e  

TABLE III. Comparison of analyses with calculated percentage compositions 
of connellite and buttgenbachite. 

Conncllite. Buttgen.bachite 
A B C D E F G 4H~O 6H20 4H20 6H~O 

CuO 72-3 75.96 73 .8  73-38 73-41 7l-7 71.56 74.62 73-96 73-60 72.97 
C1 7.4 6-37 7.5 6.82 7-05 7-1 6.02 7-00 6-94 6.91 6.85 
SOs 4.9 3.43 3.6 3.] 5 3-84 - -  3.95 3.95 - -  - -  
2 ~ 2 0 ~  - -  - -  - -  0'72 0'30 - -  5.40 - -  - -  5-26 5.21 
H~O 77 .2  16 '07 15"04 77'13 16'81 - -  ]7"34 16"01 16'75 ]5'79 16.52 

S u m *  100.1  100 .41  9 9 . 6 7  99 .7  99 .82  - -  99-04  100 .00  1O0.00 100 .00  100 .00  
Sp .  g r .  3"364 3 . 3 9 6  3 .54  - -  - -  - -  3 -33  3 . 3 9 6  3 . 4 2 6  3 .443  3 .473  

* After deduction of O for C1. 
Columns A G correspond to A-G of table lI. In the last four colmlms are given the calculated 
compositions and specific gravities for connellite and buttgenbachite assuming 4 or 6 molecules 
of water (exclusive of hydroxyl water) per unit cell. 

w i th  pe rhaps  10-20  ~ of  connel l i te  and  5 ~o or more  of a d s o r b e d  water .  

The  f ibrous to enamel- l ike  c rus ts  of ta l l ing i te  are  obv ious ly  b y  no  m e a n s  

un i fo rm,  a n d  v a r y  in colour f rom a green ish-b lue  to a deep royal  b lue  ; 

th i s  d a r k e r  ma te r i a l  was also ana ly sed  b y  Church ,  who descr ibed  i t  as 

a n o t h e r  new copper  chloride,  more  basic  t h a n  ta l l ingi te ,  b u t  he  did  n o t  

give i t  a new n a m e  a n d  i t  h a s  a lways  been  classed in m ine ra l  col lect ions 

as a v a r i e t y  of  ta l l ingi te .  Church ' s  ana lys is  of th i s  d a r k  b lue  v a r i e t y  
0 / shows 67"25 ~ C a 0 ,  a n d  8"73 /o C1, a Cn : C1 ra t io  of 3"4, which  would  

co r respond  to  a m i x t u r e  of a b o u t  equa l  q u a n t i t i e s  of p a r a t a c a m i t e  a n d  

connel l i te  ; again ,  t he  w a t e r  c o n t e n t  is v e r y  high,  a n d  Church ' s  analysis ,  

g iv ing  nea r ly  50/~o lost  in  vacuo  a t  r oom t e m p e r a t u r e ,  shows t h a t  m u c h  

of i t  is adsorbed .  On all t he  spec imens  t h e  d a r k  b lue  connel l i te  is v e r y  

closely assoc ia ted  w i th  l igh te r  coloured ma te r i a l ,  a n d  i t  is e v i d e n t  t h a t  

Church  was u n a b l e  to  isola te  t he  connel l i te  for analysis .  

W e  wish to acknowledge  t h e  en thus i a s t i c  ass i s tance  of Mr. C. W.  

H a m l e y  a n d  Mr. D. L. Wil l iams,  also of t he  D e p a r t m e n t  of Minera logy,  

Br i t i sh  M u s e u m  (Na tu ra l  His to ry) .  
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]4~XPLANATION OF PLATE 11 

Fxas. 1-4. X-ray powder photographs in 6 cm. diameter camcra, Cu-Ka radiation 
(A = 1.542 A.). 

1. Connellite, from Coneordia mine, Namaqualand, South Africa. B.M. 32446. 
2. Connellite, from St. Day United mines, Gwennap, Cornwall. B.M. 60566. 
3. Tallingite, from Botallack mine, St. Just, Cornwall. B.M. 36530. 
4. Buttgenbachite, from Likasi, Katanga, Belgian Congo. B.M. 1933,267. 

Fxo. 5. Zero-layer, normal beam, Weissenberg X-ray photograph about [0001] of 
conneilite crystal from St. Day United mines, Gwennap, Cornwall. B.M. 60566; 
6 cm. diameter camera, Cu-Ka radiation. 
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