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THE RUSSELL MEDAL 
Like many scientific ~ocletles the Russell Society is proud to acknowledge, from time to time, the outstanding 

contribution made by individuals in the society's field of interest. The Russell Society Medal was established to recognise 
distingui shed contributions within the field of field or specimen-based mineralogy, or to acknowledge truly outstanding work 
in furtherance of the aims of the Russell Society. The rules allow the medal to be awarded not more frequently than annually. 
In practice, the medal has been awarded much less frequently, not through any parsimonious interpretation of the criteria for 
its award, but rather as a means of emphasizing the esteem in which its chosen recipients are perceived. 

In deciding to award the Russell Medal in 1998 thl! Society Council recognise that Roy Starkey amply fulfills all the 
criteria for which the medal was established. 

Roy Starkey (left) receiving the medal from Brian Young, President of the Russell Society, at the 
Bakewell Mineral Show. (Photo: Austin Lockwood) 

Roy is surely one of the most widel) known members of the Society, though his reputation extends far beyond our 
membership. Over the years Roy has established himself as one of the foremost amateur mineralogists in this country. He 
is well-known and respected amongst fellow collectors, museum curators and academics. It would be difficult to identify a 
major museum which has not in some way benefited from Roy's collecting flair and generosity in sharing both material and 
information. Roy is a collector who genuinely attempts to understand the mineral s he enjoys so much. His collecting so 
often begin:> not on a remote hillside or spoil heap, but months or years before in the mineralogical section of a science 
library. His enthusiasm for communicating the results of his fieldwork, reflected in numerous papers and articles publi shed 
across a wide spectrum of the mineralogical literature, are an excellent model of the best of collecting and curatorial practice. 

Roy has for many years served and strenuously promoted the Russell Society and its activities, and has been highly 
successful in the roles of Journal Manager and Vice-President. Ro) is equally well-known in hi s current capacity as 
President of the British Micromount Society, in the founding of which he took a leading role. In all respects Roy is a most 
deserving recipient of the Russell Medal. 

A work commitment took Roy out of the country for the 1998 AGM and it was not possible to present Roy with his medal 
on that occasion. However, the organisers of the Bakewell Mineral Show willingly allowed business to be interrupted to 
make the medal pre~entation and to pass on our congratulations to Roy. 
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A line-up of all the Kussell Medallists at the Bakewell \1ineral Show, October 1998: Bob Symes (1995), 
Bob King (1992), Roy Starkey (1998) and lrevor Bridges (1993). (Photo: Austin Lockwood) 
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A.W.G. KIl\'GSBURY'S SPECIlVlENS OF BRITISH MINERALS. 
Part 1: SOME EXAMPLES OF FALSIFIED LOCALITIES 

George RYBACK, Alan D. HART and Chris J. STANLEY 
Department of Mineralogy. T he Natural History Museum. Cromwell Road. London SW 7 513D 

Arthur Kingsbut") (1906-1968) was a respected English collector credited with linding many rare and unusual 
minerals at British localities. 43 such claimed occurrences. covering 21 species and 29 localities, have been 
investigated, using Kingsbury's specimens now in The Natural Histol') Museum. London. 26 of the claimed 
occurrences are discredited or very doubtful, 15 are doubtful or suspect, one may be correct , and for one 
published occurrence no corresponding specimen could be found. In the majority of cases, specimens of 
'classic' foreign material from old collectiuns appear tu have been re-Iabelled by Kingsbury as having been 
collected by him from British localities. 

INTRODUCTION 

In the late 1940s, Arthur w.G. Kingsbury (1906-1968) 
was a respected amateur collector, a member of the 
~ineralogical Society with published work on the 
minerals of Somer~et (Kingsbury, 1935, 1939, 1940, 
1941; Kingsbury and Friend, 1939), and a friend of the 
famous collector of British Isles minerals, Sir Arthur 
Russe ll (1878-1964). Abandoning his career as a 
solicitor, and his wartime occupation managing a 
precision engineering works. he became a research 
assistant to the Reader in Mineralogy at the University of 
Oxford, to work on the mineral collections in the 
University Museum. He continued collecting British 
minerals, particularly in Cornwall, Devon and the Lake 
District. (See obituaries: Embrey, 1973a, IlJ73b. See also 
photograph on p.70.) 

From about 1949 he began a collaboration, fiN with 
H. "ieumann and :-.oon afta with J. Hartky. both at the 
university of Leeds, whereby he sent them large numbers 
of samples for checking by X-ray diffraction. later 
publishing some of the more interesting results (with J. 
Hanley's name added to papers dealing with Lake 
District minerals). Kingsbury himself, howe~er, carried 
out all the fi e ld work and preliminary examination of 
specimens (Kingsbury, 1954). In the late 11)505 he broke 
off all correspondence with Hartley, and thereafter 
submitted specimens for XRD to the British Museum 
("fatural Hislory) . The X-ray work led, eventually, to the 
identification of over 60 species new to Britain (and 
many new occurrences of already recorded British 
species); to 23 further papers; and to the award of the 
Bolitho medal of the Royal Geological Society of 
Cornwall and other honours. He eame to be regarded as 
second only to Sir Arthur Russell as an expert on British 
minerals. 

It ha~ become apparent, however, that from about 
1951 Kingsbury began to pass off classic foreign material 
from old collections a~ having: been found by him at 
British localities , though the deception was nol detected 
during his lifetime. Serious misgivings were first voiced 
in the 1980s, e.g. by collectors who could not duplicate 
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Kingsbury 's finds at the claimed localities. and the fraud 
was formally exposed in 1998 ~Ryback et al., 1998). It is 
the purpose of this paper to describe in detail the 
evidence on which our conclusions were based, with 
additional examples, and thus to correct some of the 
errors now embedded in the literature on British 
minerals. As a rule, correcting flawed or fraudul ent 
scientific work requires much care and effort, and results 
in longer paper~ than the original erroneous publications. 
This case is no exception. 

The original intention was not to include in thi s paper 
any claimed occurrences that had not previously 
appeared in the literature. but they often provide 
interesting examples bearing on the pattern of 
fal~ifications, and this restriction has been abandoned. 
Moreover, unpublished records based on Kingsbury 
specimem currently registered in The Natural History 
Museum collections are in the public domain and also 
require appropriate corrections. It is strongly 
recommended, however, that such items should not be 
mentioned again, except in the context of supporting or 
contradicting the opinions expressed here on their 
authenticity. 

The follo\\ ing abbreviations will be used below: 
A.K. = A.W.G. Kingsbury; NMNH = National Museum 
of Katural History, Smithsonian Institution, Wa~hington, 
D.C: I\HM = The Natural History Museum, London, 
formerly British Museum (Natural History). f'.<umbers for 
registered specimens in the NHM have the prefix "BM"; 
from 1905 the year of acquisition forms part of the 
number. For brevit), specimens in the Russell Collection 
in the :-.J"HVI are lahelled "'R" ~e.g. RR3l)4); in full, they 
should c;.lrr) the prefix "8M 1964," ~e.g. BM 
1964,R8394). All other material from Kingsbury, 
acquired by the NHM in IlJ6lJ. is referred to as the "A.K. 
rollection'·. 

METHODS OF I~VESTJGATlO~ 

The principal method was detailed examination of 
suspect specimens under a srereomicroscope, comrarison 
with other material from the same locality in the A.K. 
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Collection, Jnd comparison with authentic specimens 
from British and foreign localities in the NHM 
collections. XRD. JR. or probe analyse~ provided 
additional information where appropriate. Thus our 
conclusions Jre based almost exclusively on the evidence 
of the specimens themselYl's and their associated label~. 
Only limited use has been made so far of documents 
acquired by the NHM in 196'1 with the A.K. Collection, 
except ror the "X-ray notebooks". Thi~ is a set of 
note boob in which A.K. recorded the samples sent for 
XRD examination. initiall) to Leeds l niversity and later 
to the NHM, ass igning to them variuus coded number~ 
al so stuck to specimens or written on labels. The results 
of the examinations are also available for man) of the 
entrie~, though both sampk; I ists and results lists are 
incomplete. 

Most but not all such identifications can be dated 
from the X-ray notebook~. The date of collection - A.K. 
nearly al\\iays gave the year, or month and year, on hi::. 
labeb· cannot be independently vaified. but for the BM 
registered specimens the date of accession is known. 

The .\.K. material availahle for examination consists 
of specimens donated to the NHM; specimens given to 
Sir Arthur Russell. nov. also in the :-JHM lRussell 
Collection); and the entire A.K. Collection, now 
occupying nearly -WU large drawers (~ee Ryback et aI., 
1998). This amounts to most of what A.K. collected 
during his lifetime, and there is now an opportunity, not 
anticipated by A.K., to bring together and compare all the 
specimens from a given locality. When thi s is done. 
" suspect" specimens often stand out conspicuuusly. 
Moreover. it seems to have been A.K. 's habit to break up 
a specimen into several pieces, donating a piece or two to 
the NHM, sometimes a piece to Russell. and retaining the 
rest either all together or dispersed through hi~ collection. 
In man) cases it is possible. with patience. to reassemble 
the original specimen. In the descriptions below, pieces 
are said to "fit" each other if they can be re-joined exactly 
acro"s a fracture; they are said to "match" if, under the 
stereomicroscope, they look alike as regards the colour, 
habit, etc. of the mineral under discuss ion as well as any 
associated species and matrix, and "match" is used in the 
same sense in comparisons with, e .g. , foreign reference 
specimens. 

When a broken-up specimen is reassembled, it is 
usually easy to distinguish between the original, aged 
outer surface and any n:maining fresh fractures. If the 
outer surface has the charaderistics of a specimen from 
an old colkction - e.g. rounded and greasy corners due to 
handling. a dirtier and duller 'top' surface than the 
underside - this will be referred to as "museum patina". 
Also noted belo\>' are specimens. reassemh1ed from 
pieces or complete as found, that carry expo~ed 

vulnerable crystals, which are unlikely to have surviv~d 
undamaged and unweathered in a mine dump from which 
they are supposed to have been collected by A.K. 

To id~ntify possible sources of A.K.'s suspect 
speeimens, they were compared with reference 
~pecimen~ from other localities in the NHM collection~, 
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taking care to use only material that would have been 
available before 1968. \Ilany of A.K.'~ specimen5 were, 
in fact . found to match authentic ~pecimens from 
"classic" foreign localities, i.e. to distinctive material 
regularl y found in 19th centur) collections, and in most 
cases mentioned in, e.g., the nth edition of Dana's System 
(Dana, 1892). It must be emphasised, ho\\'~ver, that 
neither the correctness of such assigned 'true' localities 
nor, indeed, the incorrectne~~ of A.K.·s claimed 
localities. can be proved absolutely. At best, ~ufficient 
evidence can be accumulated to indicate beyond 
reasonable doubt that a specimen's provenance has been 
falsified . and to suggest possihle or probable a lternatives. 

ADAMITE, Zn 2(As04HOH) 

Spec imens of adamite from Cumberland and Cornwall 
were exhibited by A.K. at a Mineralog ical Society 
meeting in January 1958 (Mineralogical Magazine. 32. 
xliv: Spencer. 195R). They were then donated to the 
~HM and registered as HM 1958.53 to 60, representing 
the first fi~e of the eight localities li sted below (as 
confirmed hy the preserved di splay labels in A.K. 's 
handwriting). A.K. also donated adamite specimens to 

the NHM in 1 '156 and 1968. The Caldbeck Fells 
occurrence~ are recorded by Hartley (1984), Young 
(1987), and Cooper and Stanley (1990), th~ thre~ Cornish 
ones by Golley and Williams (1995) . 

SANDBED MINE. ClMBRlA 
This was supposedly collected by A.K. in 1951 from th~ 
middle level dumps of Sandbed mine, Caldheck Fells, 
and is labell~d a~ the fir~t British adamite. There are four 
registered specimens (BM 1956.71; 1956,427; 1l}5g,54; 
and Rg:W4) and 15 similar pieces plus fragment~ in thl: 
A.K. Collection; the largest specimen i~ 8 cm acros~. The 
adamiit' occur~ in radiating bunches of colourless to pale 
yellow. terminated pri sms up to 4 mm long, in vugs or 
embedded in a reddish-brown. vuggy. microcellular 
ochreous matrix enclosing small grains and crystal s of 
quartz. 

Very similar material was claimed by A.K. to have 
come from Netherrow Brow (see below, B), and one of 
the unr~giste red pieces from "Sandbed mine" actually firs 
R8393, from "Netherro\>, Brow". This di scredits both 
claimed localities . Moreover: (a) The adamite crystals are 
implausibly large and abundant for thi s locality. (b) The 
ochreous matrix, described by A.K. as "iron-stained 
quartz". i~ heterogeneous but consists largely of a mineral 
giving an as yet unidentified X-ray powder pattern. (c) 
A.K. 's material matches BM 52317 from Lavrion 
f Laurium). Greece, the matrix of which gives the same 
unidentifi~d powder pattern. 

NETHERROW BROW, CU MBRIA 
A) BM 1958,60 consists of two pieces (Fig. I) 

showing adamite as pale greenish , botryoidal, fibrous 
crusts 2 mm thick, with a distinctly crystallis~d surface; 
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FIG URE 1. Adamite, pale greeni sh botryo idal crusts lining cavities in 
limonite, "Netherrow Brow. Caldbeck Fe lls. Cumbria" (BM 195 8,60). 
The larger piece is 30 mm lone. 

they are portions of adamite-lined vugs in a brown 
spongy limonitic matrix enclosing additional adamite. 
BM I Y56,70 and two specimen~ plus fragment~ in the 
A.K. Collection are smaller pieces of the same material, 
all supposedly collected by A.K. in 1952 from dump~ at 
the cross-cut level by the 'Dumpy Stone', Netherrow 
Brow, Caldbeck Fells. To have found such rich adamite at 
this locality seems highly implausible. Intensive 
collecting in recent years has yielded only cuprian 
adamite, as minute spherules on quartz or baryte (e.g. 
specimens in British Micromount Society Reference 
Collection; cI photograph on cover of Journal of the 
Russell Society, 6, Part I, 1995), which may be stray 
material from Potts Gill mine (M. Leppington, Russell 
Society Newsletter No. 29, 1996). A.K.'s specimens are 
similar to class ic ones from Lavrion, Greece. 

B) Quite different material. also supposedly collected 
by A.K. in 1952 from the 'Dumpy Stone' level , is 
represented by BM 1958,59, R8393, and a small piece in 
the A.K. Collection. It is very similar to that from 
"Sandbed mine", though of poorer quality, and R~393 fits 
one of the unregistered "Sandbed mine" specimens (see 
above). Thus thi s claimed occurrence is also discredited. 
There are a few tiny chlorargyrite cubes on BM 1958,59. 

POTTS GILL MINE, CU MBRIA 
A) BM 1958,57 and a piece in the A.K. Collection 

are two halves of a specimen (5.5 x 4.5 x 1.5 cm) of 
limonite encrusted with earthy malachite, supposedly 
collected by A.K. in 1952 from Potts Gill mine, Caldbeck 
Fells, and more precisely from the old No.1 crosscut 
dumps [at National Grid Reference NY 319, 3620] at the 
head of Gill Beck. Adamite form s light green, transparent 
spherules «0.5 mm) with a crystallised surface, scattered 
on the malachite and locally coalescing into small areas 
of crust. Spherules of adamite of just such size and 
appearance. usually on a quartz matrix, have been 
independently collected in recent years from several 
localities on Caldbeck Fells lcI Netherrow Brow, above). 
from Potts Gill mine itself (though from another dump), 
adamite is mentioned without a description by Neall and 
Leppington (1994), and earthy malachite is common in 
the arL:a. Thus there are no specific grounds for doubting 
A.K. ':, claimed locality for this specimen, although direct 
confirmation is lacking. 
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B) Very different material, supposedly from the same 
locality but collected in 1951, is represented by BM 
1958.58 (two pieces) and a specimen plus fragments in 
the A.K. Collection. These carry abundant pale greenish 
adamite as intergrown crystals « I mm) lining vugs and 
embedded in a matrix of reddish-brown microcellular 
limonite. The adamite is associated with white to pale 
greenish globular smithsonite and very thin white 
unidentified crusts. 

BM IY56,23I, supposedly from Penberthy Croft 
mine. Cornwall (see below) is very similar and, in fac t, 
this specimen and the three specimens from "Potts Gill 
mine" were found to fit together (5.5 x 4.5 x 3 cm when 
reassembled). This discredits both claimed localities and 
the material is, again, most likely to be from Lavrion, 
Greece. This is the second example of pieces of a single, 
probably foreign, specimen being labelled by A.K. a~ 

coming from two different localitie~ - in this case from 
entirely different parts of England. 

WAI\THWATE MINE,CUMBRIA 
A) B\1 1958,55 was supposedly collected by A. K. in 

1955 from dumps at the No. 3 level on South vein, 
Wanthwaite mine, St John in the Vale. It is a piece of 
yellowish-brown, somewhat granular, ochreous limonite, 
with more than half its surface. on all sides, covered with 
radiating bunches and continuous crusts of pale-bluish 
stubby prisms of adamite up to 1.5 mm long (Fig. 2). A 
small piece of the adamite crust detached from the main 
specimen is in the A.K. Collection. It is incredible that 
this single, rich and entirely undamaged ~pecimen coulJ 

FIGURE 2. Adamite . pale bluish intergrown crystals encrust ing 
limonite matrix, "Wanthwaite mine. St John in the Va le, Cumbria" 
(BM 1958.5 5). 45 mm long. 
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have been collected from a dump at the stated locality. 
Very little has been published about the mineralisation at 
Wanthwaite mine, from which A.K. has claimed a 
remarkable range of minerals that are awaiting re­
examination, although other collectors have found the 
dumps very disappointing . At outcrop, the 
sp h a I e ri te-arsen opy ri te-pyri te-cha I cop y ri t.:: 
mineralisation (Stanley and Vaughan , 1982) is fresh and 
unweathered, and there is no zinc-rich go:;san that could 
have yielded the adamite specimen. The specimen is 
most probably from Lavrion, Greece. 

B) BM 1958,56ltwo pieces), R8395 lone piece), and 
seven pieces plus fragments in the A.K. collection differ 
from the specimen decribed above. They were 
supposedly collected by A.K. in 1953 from the South 
vein at Wanthwaite mine. Adamite forms clear, 
colourless, terminated prisms up to 4 mm long, in 
divergent or randomly oriented bunches, in small vugs in 
yellow to orange-brown cellular matrix with a ribbed 
l>tructure. The matrix , though described as limonite on the 
lahels, is smithsonite, and a lillie micro-globular 
smithsonite is also present. As in the case of "A", above, 
the claimed locality is implausible and the l>pecimens arc 
probably from Lavrion. 

WHEAL CARPENTER, CORNWALL 
Thil> is represented by 8M 1958,53 and eight pieces 

in the A.K. Collection , supposedly collected by A.K. in 
1952 from Wheal Carpenter, Gwinear (the dumps of 
which are now obliterated). Emerald-green, translucent 
cuprian adamitc forms v. art) I-mm spherules, singly or 
intergrown as rich crusts, in a vuggy matrix of iron­
stained, microcrystalline smithsonitc enclo~ing ~ome 

azurite. Small, colourless, rounded crystals of 
smithsonite and trace~ of a pale-greenish acicular mineral 
are prel>ent in ~ome vugs. Wheal Carpenter was a small 
copper mine that abo produced a little sphalerite. but 
there i~ no evidence for the existence of a zinc-rich 
go~san such as :\.K. 's specimens would indicate. The 
only other zinc-containing mineral on record from here is 
philipsburgite lGolley and Williams, 1995). ,\.K.'s 
material is very similar to classic 'cuproadamite' 
specimens from Lavrion , Greece. 

PE~BERTHY CROFf \1[NE, CORfl.iWALL 
A) R8392 and ~even pieces in the A.K. Collection fit 

together to form a specimen ca 5.5 x 4.5 x 3.5 cm in size, 
and were supposedly collected by :\ .K. in 1952 from 
dumps near Duke 's shaft, Penberthy Croft mine, St 
Hilary Light green, transpar..:nt, globular crystal 
aggregates «I mm) of cuprian adamite are associated 
with malachite, massive and crystallised azurite, small 
calcite crystals, and traces of aurichalcite(?). The 
heterogeneous matrix is mainly brownish smithsonite 
and white endellite (halloysite-I OA), on massive cuprite 
which locally encloses azurite and malachite. This 
assemblage is reminiscent of that at Natalievsky mine, 
Sichote Alin , Siberia (e.g. BM 1923,260.261 and 263; If 
Weigl, 1914). Adamit.: has not been confirmed at 
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Penberthy Croft mine, the matrix of A.K.'s specimen is 
uncharacteristic for the locality (Betterton, 2000), and 
there is nothing similar amongst the rest of Penberthy 
Croft material in the A.K. Collection . 

B) Very different material constitutes a specimen 
(BM 1956,23 I) supposedly collected by A.K. in 1952 
from dumpl> at Buckett's shaft of the l>ame mine. This . 
however. fib material labelled a~ from Potts Gill mine. 
Cumbria t:;ee above. B), di:;crediting both localities . This 
specimen was not among those examined by Betterton 
(2000). 

PENGENNA MIl\E, CORNWALL 
BM 1968,157 (2.5 cm acro::.s) and nine pieces in the 

A.K. Collection (up to 5.5 em across) were supposedly 
collected by A.K. in 1959 from Pengenna (= Trewethen) 
mine, St Kew. They show abundant, small, colourle~s to 
greenish adamite crystals on botryoidal. irun-~tained 

smithsonite in a vuggy light-brown smithsonite matrix. 
The best vug lea 3.5 x 1.5 cm) is lined with greeni~h 
adamite crystals up to 3 mm long; on another piece, a flat 
face -5 cm across is largely covered with a crust of small 
greenish adamite cryl>tab. j\.::ithcr ~uch abundant and 
well -crystallised adamite nor the massive smithsonite 
matrix are likely to have come from Pengenna mine . This 
small mine produced lead and antimony and. apart from 
sphalerite. no other zinc minerals from this locality are in 
the A.K. Collection, nor have any been reported by other 
workers. The material is, again , most probably from 
Lavrion , Greece. 

WHEAL TRELAW'JY, CORNWALL 
A clean. undamaged l>pecimen (8 cm acro~~) in the 

A.K. Collection is labelled in A.K. \ handwriting "'! 
~mall whitish crystab on ?smith::.onite. Wheal Trelawny. 
Menheniut. 1965." This has now been identified by XRD 
as adamite, forming a rich crust of lustrous. colourless 
but partly yellow-stained prisms t < 1.5 mm) on a thick 
crust of greyish, subtranslucent, botryoidal smithsonite 
lalso confirmed by XRLJ) , The mines in the Menheniot 
area are well known to collectors , and it is highly unlikely 
that this ~pecimen could have come from this area; 
smithsonite occurs only rarely and ~parsely in Cornwall, 
and there are no recordl> of it from east Curnwall. This 
specimen is unduubtedly fureign , though no matching 
material could be found in the NHM collections. 

COMME="ITS ON ADAMITE 
With one exc..:ption, A.K.·s adamite occurrences are 

either dubious or di scredited, That at Pott~ Gill mine, 
Caldbeck Fells , if genuine. would repre;,ent the first 
occurrenc..: in the British Isle!> , but must be treated with 
caution. The first reliable publish..:d records of (cuprian) 
adamite in the British Isles were from Tynagh mine, Co. 
Galway, Ireland (Sarp e( af. , 1987; de Haller, 1989) and 
Higher Longrigg mine, Hartley Birkett. Cumbria 
(Braithwaite, 1988). An unpuhlished earlier 
identification of adamite from Driggith mine, Caldbeck 
Fells, was made by XRD at the ="IHM on an enquiry 
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specimen submitted in 1975 (film nu. 18279), and it has 
been found in small amounts since about 1987 by many 
collectors at several localities in the Caldbeck Fells (cf. 
Cooper and Stanley, ]l,190). Adamite has not been 
confinned from Cornwall. 

The evidence for the classic locality of Lavrion 
(Laurium), Greece, being the probable source of mo!>t of 
A.K. 's specimens ranges from convincing to somewhat 
speculative, but the match with material from Ojuela 
mine, Durango, Mexico, another prolific locality for 
adamite, is less good, and other known sources are even 
less probable. A more definitive provenance study would 
require ..:xtensive and detailed comparisons of crystal 
habit and matrix mineralogy. "Lavrion" is a mining field 
embracing many individual mines (see article~ in Lapis, 
1999, No. 7-8 , pp. 11 - 78 and 90) . and adamite 
specimens from here show considerable diversity. We 
thank Dr R.S.W. Braithwaite for making available a suite 
of speci mens collected hy him in 1907 at Kamariza, 
Lavrion, which usefully complemented the mostly older 
Lavrion specimens in the NHM. An intriguing but 
unanswered question is where A.K . obtained so many 
and such varied Lavrion adamite specimens. Did he visit 
Lavrion himsel f? 

AERUGITE, Ni 17As60 32, and XANTHIOSITE, 

NiiAs°,J2 

SOCTH TERRAS MINE, CORNWALL 
These closely associated minerals were desc ribed by 

C. Ber~emann in I S5~ from 10hanngeorgenstadt, Saxony. 
Gennany, and nallled by GJ. Adam in 1869, but were 
regarded as doubtful species until their validity was 
e~tablished by Davi~ ef 111. (1965) . In thi~ study Davis ef 
111. examined two topotype specimen~ (8M 32590 and 
BM 1907,103). synthetic aerugite and xanthiosite, and 
new material (8M 1963.481) ~uppo~edly from South 
Terras mine, St Stephen-in-8rannel , provided by A.K. 

A.K's material from "South Terras mine" consists of 
(a) the small pieces (largest -1.8 cm across) studied by 
Davi s ef al. (I96S), BM /963,481; (b) a larger piece of 
the same, BM 1963,482; and (c) a pill-box with two 2-cm 
piece'>, in the A.K. Collection. The date of collection i.., 
not recorded for the two BM specimen~, but is given as 
1952 on the label for (c). All these can be fitted together; 
the original specimen, before being broken up, was a 
somewhat rounded, brightly-coloured mass -4 cm across, 
with ' museum patina ' on the surface. It is earthy to 
microcrystalline, with patches of mainly dark to bright 
green tthe aerugite) and greenish- to canary-yellov. (the 
xanthiosite). 

A.K. stated (in Davis et al., 1l}65) that " I found the 
xanthiosite and aerugite a few years ago in comby quartL 
vein-material ... They were accompanied by variou~ Ni­
Co-As minerals, traces of decomposing pitchblende. and 
various alteration products ... ", but this is somewhat 
misleading. There is no matrix on the A.K. specimen, nor 
any signs that it had been recently broken out of a matrix . 
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The "accompanying" mineral s are on separate 
specimens, collected on various occasions between 1931 
and 1958. Examination of all the available specimens 
from South Terras mine failed to detect any more aerugite 
or xanthiosite. nor are we aware of any further finds of 
these mint:rals in Cornwall. 

On the other hand. A.K .·s specimen from "South 
Terras mint:" and the two specimens from 
10hanngeorgenstadt are strikingly similar in appearance. 
The X-ra) powder patterns are identical, line for line 
(Davis el al., 1965). The chemical analyses (Davis et al., 
1965) are also very similar: compare the minor element 
contents of aerugill: and xanthiosite from " South Terras 
mine" and (in brackets) Johanngeorgenstadt: aerugite, 
CoO 0.7 (1.2), CuO 0.7 (0.3), FeO 0.6 (1.3) wt %; 
xanthio~itt:, CoO 1.0 (I.S), CuO 0.7 (0.6), FeO O.S (0.7) 
wt (/(;. Moreover, all the specimens have very small 
patches of orange-red micro-crystals, shown hy XRD on 
both the "South Terras" and Jonanngeorgenstadt samples 
to be xanthiosite, of a colour not previously reported for 
this species. 

Thes\.: resulb leave lillie doubt that A.K. 's aerugit\.: 
with xanthiosite from "South Terras mine" was an old 
mu~eum ~pecimen from the type locality. 
10hanngeorgen~tadt. until recently, no other natural 
occurrence~ of the~e mineral s appear to have been 
reported ; a crystal structure detennination and revision of 
the fonnula of aerugite used the synthetic compound 
(Fleet and Barbier, 1989), but xanthiosite has now been 
identi fied at Lavrion, Greece (Rieck, 1999). 

ARDENNITE, 
Mn4(Fe2+ ,Mg)6(SiO 4)2(SiPIO)(AsO 4' '\0 4)(OH)6 

BRANDY GILL HEAD, CUMBRIA 
This is a hitherto unpublished claimed occurrence. 

based on a large tray of specimens in the A.K. Collection 
containing: (a) A specimen broken into eight pieces (-S 
cm acros~ reassembled) of greasy, translucent quartz, 
blackened in places, enclosing lustrou~, orange-brown, 
compact fibrous ardennite, also Vvith black patches. (b) 
Two similar specimens (S--6 em across), al~o broken up. 
very rich in ardennite. (c J A bux of small ardennite-rich 
fragments. and three more small pieces of quartz matrix 
with traces of ardennite, all similar to the above. (d) Two 
completely different, matri x- free pieces «3 cm), 
consisting of dark-grey, metallic, crystalline unidentified 
minerals , possibly manganese oxides but not examined 
further. 

This tray has two pencilled labels, in A.K . \. writing: 
" Mn- Quartz vein at head of Brandy Gill. Aug. 1953" and 
"?? From Qtz-Mn vein at head of Brandy Gill. 19S5 ." 
The locality is marked "N· S Qtz- Mn vein" on A.K. 's 
annotated 6-inch O.S. map of the Caldbeck Fells, and 
"Quartz vein with Manganese outcrops along west bank" 
on an undated pencilled skt:tch-map of Brandy Gill (both 
in the Mineralogy Department, NHM). It is IS0-200 m 
above the better known "higher Brandy Gill" locality that 
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providt:d many of A.K. 's claimed rare minerals . In 
addition, the entry for 12 July 1955 in a small notebook 
(a fragmentary diary - A.K. does not appear to have 
written detailed field record~) n.:ads: "Veins at very head 
of Brandy Gill - main vein up to 4 ft wide of spongy & 
massive quartz with much manganese. Collected several 
specs of a brown to yellow-brown fibrous mineral ()\Iln) 
in quartz." 

The only other material in the A.K. Collection from 
"Head of Brandy Gill \955" , is: (e) Black, massivl! , 
somewhat vuggy romanechite (XRD identification) with 
botryoidal surfaces in the vugs, enclosing abundant 
irregular quartz grains, with some cry~tallised quartz; 
there are seven pieces «5 cm) which appear to have 
come from a single boulder. (f) A Jump of yellowish­
brown massive limonite, and two lumps of white opaque 
massive quartz. 

The yellow mineral was labelled as an unknown by 
A.K., but was identified by XRD as ardennite in 1989, 
the blackened portions also giving the same powder 
pattern. 

The ardennite from "Brandy Gill" was judged to be 
too doubtful to be included in Minerals of Caldbeck Fells 
(Cooper and Stanley, 1990). Detailed comparison with 
example~ from the type locality. Salm-Chateau, near 
Ottrez. Luxembourg, Belgium. a classic source of 
specimens in old collections (e .g . BM 45985 and 45986), 
confirms Cooper's opinion (personal communication) 
that AK's material most probably came from Salm­
Chateau rather than Brandy Gill. We sugge~t that A.K. 
broke up three or four rather fine museum specimen~ of 
ardennite and falsified the locality. It is unbelievable that 
A.K. would not have instantly recognised a typical Salm­
Chateau ardennite, several example:. of which he had in 
fact cata logued while curating the collection~ at Oxford. 

There remains only one confirmed occurrence of 
ardennite in the British Isles, at Merehead quarry, 
Cranmore, Somerset (Embrey, 1977). 

SOliTH TERRAS MINE, CORNWALL 
Bismutoferrite from South Tt:rras mine, St Stephen­

in-Brannel, was exhibited at a Mineralogical Society 
meeting in "'iovember 1963 (Mineralogical Maga:ine , 
33, xc; Emhrey, 1977). It is represented by seven pieces 
registered as BM 1964,413 and five piece~ in the A.K. 
Collection, all supposedly collected in 1951. They are 
part of a s ingle specimen, several cm across, that had 
been broken up, and show olive-green, opaque, massive 
veinJets and patches in a matrix of quartz, native bismuth, 
and possibly other phases. No trace of anything similar 
has been found among the other material from South 
Terras mine in the A.K. Collection, nor has bismutoferrite 
been independently confirmed from this locality. The 
specimen from "South Terras" closely resembles classic 
material from the type local ity, Schneeberg, Saxony, 
Germany (e.g. BM 828) except that the "South Tenas" 
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bismutoferrite is harder than that on BM 828, and IR 
spectroscopy shows it to contain considerable amounts of 
admixed quartz . It is very likely that A.K . \ 
bismutoferrite is, again , merely a specimen from the type 
locality obtained from an old collection. 

In the British Isles, bismutoferrite, identified by 
XRD, has been found at Buckbanow Beck, Come) Fell, 
Cumbria (Young et al. , 1986), and is also listed, without 
details , from Hingston Down quarry, Calstock, Cornwall 
(Golley and Williams, 1<:195). 

Kingsbury and Hartley (1957) briefly described the 
discovery of carpholite at the four localities given below, 
three of which may have been falsified, while the fourth 
could not be investigated for lack of specimens. 

GRAINSGILL, CUMBRIA 
This was supposedly collected by A.K. in 1955 from 

the "dumps from Emer~on vein, behind the old :.mithy", 
Grainsgill, Caldbeck Fells. On A.K. 's annotated copy uf 
tht: 6-inch O.S. map of the Caldbeck Fells (in the !'IHM), 
"Smithy" is marked just NE of the confluence of Brandy 
Gill and Grainsgill Beck. The carpholite forms thin but 
extensive radiating fibrous pale-yellow coatings on white 
vein-quartz. There are several specimens, each ca 2.5- 3.5 
cm in size: BM 1956,65; BM 1958,92 (two pieces); 
R 10629; and an unregistered piece in the A.K. 
Collection. Only three of the pieces fit together (7 x 3.5 
;( 3.5 em reassembled) but from their appearance the 
uther~ art: likely to have come from the same specimen, 
with much material missing. 

The "Grainsgill" carpholite clusely matches classic 
specimens from the type locality, Slavkov 
lSchlaggenwald), Bohemia, Czech Republic, which is 
probably thl! true sourCl! of A.K. 's specimens. Although 
the quartz matrix is insufficiently distinctive to exclude 
Grainsgill as the locality, the facts that the carpholite on 
A.K. \ specimens i~ con:.picuous and relatively abundant. 
and that there has been intensive collecting in this area 
fur many years, without any finds of carpholite known to 
us, argue against its occurrence there. 

STENNAGWY~ MI~E, COR~WALL 

This occurrence is represented by four specimens 
supposed\) collected by A.K. in I <:152 from Stennagwyn 
mine, St Stephen-in-Hrannel. BM 1958,9 J, R 10628, and 
a piece in thl! A.K . Collection fit together (-7 cm across, 
reassembled) and consist of greisen covered on two sides 
with pale yellow. very finely fibrous , radiating carpholite, 
aggregated into 0.5 -1.5-mm thick crusts and in places 
passing into a more lustrous , more coarsely fihrous 
radiating form. The fourth specimen, in the A.K. 
Collection, is labelled "Wavellite on altered granite" but 
is, in fact , yellow fibrous radiating carpholite, covering 
most of one face (9 x 5 cm) of a flat piece of matrix 
similar to that on the other specimens. 
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Some of the carpholite specimens from Slavkov, 
Bohemja (see above) also have a matrix of !!reisen rather 
than quartz (e .g. BM 96847), and the greisen of the 
"Stennagwyn" carpholites i~ more similar in appearance 
to the Slavkov greisen than to various other examples of 
greis\!n from Stennagwyn mine in the A.K. Collection. 
\1oreover, the formation of carpholite requires a sourc~ 
of mangane e , for which there is no evidence at 
Stennagwyn mine (wherea~ at Slavkov carpholite is 
associated with , e.g., hUbnerite) . The claimed origin of 
A.K. 's carpholite should therefore be regarded as suspect. 

HINGSTON DOW)! CONSOLS , CORNWALL 
A specimen of carpholite (R 1 0627) in the RUSSell 

Collection, and I) pieces labelled as an unknown in the 
A.K. Collection, all fit together and wer~ supposedly 
collected by A.K. in 1951 from dumps by th~ south shaft, 
Hingston Down Consob (mine), Calstock. This is 
presumably the carpholite "of a slightly greeni~h colour 
... in joints in greisen" recorded by Kin!!sbury and 
Hartley (1957), but the skimpy description is somewhat 
misleading. The reassembled speci men (Fig. 3) is a 
portion of a 2.5-cm thick vein of compact fibrous 
carpholite, with lustrous, parallel but slightly curved 
fibres of a light olive-green colour with brown patches , 
associated with a little quartz . One side (facing camera 
in Fig. 3) i~ freshly broken, indicating that thi s is part of 
a larger specimen, but the miss ing portion has not yet 
been located. 

This specimen is identical in appearance to the 
classic and distinctive ferroan carpholite from Wippra, 
Harz, Germany (e.g. BM 48207 and 4820R, acquired in 
1874). Further evidence of their similarity was obt;lined 
by IR spectroscopy. BetWeen 350 and 4000 cm I, the IR 
spectrum of carpholite shows 15 distinct absorption 
maxima, with slight differences in position (probably due 
to cation substitution effects) for samples from Wippra 
and from Slavkov, Bohemia: ten of the peak" are shifted 
by 2-10 em- I, all except one to higher frequencies in the 
Wippra sample. The IR spectrum of the "Hingston 
Down" carpholite was found to be identical with that 
from Wippra , the peak positions differing by only 1-3 

- I f h -I f cm or tree peaks and b) < I cm or twelve peaks . 

FIGURE 3. Carpholite, compact fibrous. light olive-green with 
brown patches, " Hingston Down Consol~. Calstock, Comwall" 
(Reassembled from pieces; 8M 1964,R I 062~ i, the las t piece on the 
ri ght). - 6 cm long. 
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Thus it is very probable that A.K.'s material is part of an 
old specimen from Wippra rather than from Hingston 

Down Consols. 

KIT HILL, CORNWALL 
Kingsbury and Hartley (1957) recorded pale-yellow 

carpholite in joints in greisen in an old opencast on Kit 
Hill , Stokeclimsland. No corresponding specimens have 
bt:en found so far in the collections. R.W. Barstow 
collected a yellow fibrous mineral which he labelled 
"carphulite" from Kit Hill (N. Hubbard, British 
Microm(lul1( Socie() Newsletter No. 7, 1983, and penunal 
communication, 2000). The XRD of a Barstow specimen 
in Hubbard's collection shows it to be cacoxenite, not 
carpholite. There are no other records of carpholite from 
the British Isles. 

CHL"RC'HITE-(Y), YP04.2H20 

TRETOIL MINE, COW\'~WALL 
Churchite was first described and named in 1865, 

entered the textbooks as a hydrated cerium phosphate , and 
only in 1953 was shown to be a hydrated y((rium 
phosphate (Claringbull and Hey, 1953). It had been found 
in about 1862 by the Cornish mineral dealer Richard 
Tailing (1820-- 1883) in a copper-lode near Lostwithiel in 
Cornwall , but the exact locality wa~ never revealed. Sir 
Arthur Russell long suspected that Tretoil mine near 
Lostwithiel might have been Tailing 's source, and both he 
and A.K. looked for churchite there. "Man) hours of 
searching proved fruitless, and many hundredweights of 
likely -looking matrix were broken up, without success" 
(Kingc;bury, 1964). However, A.K. claimed to have found 
a specimen of churchite in 1955 at Tretuil mine, virtually 
confirming this as the probable type locality (Kingsbury, 
1956). Later, Kingsbury (1964) gave the year of discovery 
as 1952, but this may hav\! been a simple slip or misprint. 

The NHM has several samples of churchite 
supposedly collected by AK. in 1955 from Tretoil mine: 
BM 1956,86, BM 1957,443 (2 pieces), BM 1957,444, and 
R7304. Specimen BM 1956,86 and one piece of BM 
1957,443 are fragments «8 mm), the rest are - 1.5 cm 
across. All these can be filted together, re~ulting in a 
specimen about 2.5 x 2 x I <.:m in size, with a continuous, 
almost flat , I-mm thick crust of greyish bladed crystal s on 
one face . The crystals and matrix are exactly similar to 
those on old specimens from Tailing te.g. BM 40636, 
bought from Tailing in 1867; R7303, given to A. Russell 
by Prof. A.H. Church), as a lread) pointed out by 
Kingsbury ( \956) . Apart from an obviousl} missing piec\!, 
perhaps 1-2 cm across, the rea~s~mbled sp~cimen loob 
complete. showing no signs of having been recently 
broken out of a cavity, and the crust of cry"tals i~ 

unweathered and undamaged. Since A.K. 's 1955 specimen 
wa~ supposedly "investing the side of a small cavity" 
(Kingsbury, 1956), there is a discrepancy which casts 
doubt on its provenance - it could be an old Tailing 
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specimen misrepresented as one found at Tretoil mine -
and thus on the confinnation of Tretoil mine as the 
probable type locality for churchite. 

CINNABAR, HgS 

Following the discovery of cinnabar in Derbyshire and 
Yorkshire in 1962 (Braithwaite e( aI., 1963), A.K. 
collected a range of mercury minerals from the 
Greenhow Hill and Grassington areas of north-west 
Yorkshire, exhibited them at a Mineralogical Society 
meeting in \1arch 1968 (Mineralogical Magazine, 37, 
xlii ; Embrey, 1977), and deposited specimens in the 
NHM. Only a preliminary re-examination of these has 
been made so far, suggesting that the majority is likely to 
have been genuine finds at the localities stated. (There are 
now many confinned records of small amounts of 
supergene cinnabar a~sociated with Pb-Zn-F 
mineralisation throughout the English Pennines). 
However, several specimens looked suspicious, and two 
of them are described below: cinnabar from Craven Cro~~ 
and metacinnabar from Cockhill mine. 

CRAVEN CROSS, NORTH YORKSHIRE 
BM 1968,79 is cinnabar supposedly collected by 

A.K. in 1963 from "near Craven Cross, Greenhow Hill, 
Pateley Bridge". It consists of brick-red earthy cinnabar, 
in patches up to 1 cm across and as fine-grained 
di sseminations, in white chalky kaolinite which also 
encloses greyish, translucent, randomly oriented crystals 
of baryte up to I cm long. Locally there is white opaque 
porcellanous kaolinite between the baryte crystals. The 
specimen is broken into several pieces, the largest -5 cm 
across, and was one of those exhibited in 1968. No other 
specimens labelled Craven Cross were found in the A.K. 
Collection, nor anything similar from the entire Pateley 
Bridge area. 

The "Craven Cross" specimen is quite untypical of 
cinnabar frum the English Pennines. but it closely 
resemhles cinnabar specimens from Berehove IBM 
195R,431) and Dubrinihi (BM 1958,432), Transcarpathia, 
Ckraine. The white earthy matrix of these specimens is a 
mixture of quartz and kaolinite; on the Berehove 
specimen alunite is also present, both as a crystalline 
phase and admixed in the quartz-kaolinite matrix. 
Berehove (or Beregovo. fonnerly Beregszasz, Hungary) 
is a class ic locality for alunite, sometimes with baryte 
crystals. Although no alunite was detected on the 
"Craven Cross" specimen, it is very likely that the 
specimen is from the Berehove-Dubrinihi area rather 
than from Yorkshire. The matrix mineralogy in this study 
was deternlined by IR spectroscopy. 

DESCLOIZITE, PbZn(VO 4)(OH) 

A.K. professed to have collected desc1uiLite at three 
localities: Brandy Gill, Caldheck Fells, Cumbria, in 1951 
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I Kingsbury and Hartley, 19)6); Engine vein, Alderley 
Edge, Cheshire, in 1963 lunpublished); and Higher 
Longrigg mine, Kirkby Stephen, Cumbria, also in 1961 
(unpublished). The first two occurrences were mentioned 
in our prel iminary paper (Ryback et al., 1998). 

Disregarding A.K.'s specimens, the status of 
descloizite in the British hies is rather confused. The 
"descloiLite" listed by Spencer (1898) and Macpherson 
and Livingstone (1982) refers to light grey-yellow to 
brown spherules from Wanlockhead, south Scotland, 
identified by Frenzel (J 875) as descloizite. But in an 
overlooked second paper, Frenzel (1881) re-examined his 
material and concluded it was calcian phosphatian 
vanadinite , i.e. like that analysed recently by Livingstone 
(1994). (Frenzel's material was not the same as the dark­
brown spherules and crusts from the same locality, which 
are duftite-mottramite intermediates .) The 
"dechenite(?)" (arsenatian desdoiLite J listed by Spencer 
(1931) refers to a specimen from Wanlockhead so 
labelled by Heddle (Heddle, 1901, vol. 2, p. 162) but, in 
the absence of any data its identity is very uncertain. The 
only undoubted descloizite, confinned by XRD and 
EPMA, was described by Alabaster (l989) from Wesley 
mine, Westbury-on-Trym, Avon (now Bristol); it is a 
cuprian vari ety with 2-6 wt% CuO and some Mn 
sub~tituting for Zn and Cu. There have been unpublished 
repOrt~ of descloizite from several other localities, all 
apparently based on identifications by powder XRD and , 
perhaps. colour. Since the powder patterns of descloizite. 
arsendescloizite and mottramite are very similar, 
confinnation by EPYtA or IR would be desirable before 
these claimed occurrences are added to the British Isles 
list. 

BRANDY GILL, Cl"MBRIA 
According to Kingsbury and Hartley (1956), "On the 

dump from the eastern cro~S-(;ut fin higher Brandy Gill, 
Caldbeck Fells] ... de~cloizit(', a little mottramite. and 
vanadinite have been found in a spongy 4uartz matrix ... 
Both the descloizite and the mottramite fonn aggregates 
of small greenish-brown, brown, or reddish-brown 
crystals; mottramite is by far the rarer. Vanadinite 
sometimes accompanies mottramite or descloizite or 
occurs alone ... " There art' four registered specimens, 
2-3.5 cm across, in the NHM (BM 1957,47C), 480 and 
481; R8409), but a profusion ot" vdy similar material has 
been found in five separate locations in the A.K. 
Collection: (ai a labelled tray of 10 pieces (1.5-3 em 
across); (b) an unlabelled tray of 21 pieces (1 -5 cm 
across), two of which fit BYt 1957,480 and R8409, 
respectively; IC) an unlabelled 3.5-cm specimen which 
fits one of the pieces in tray rb); ld) an unlabelled 4-cm 
specimen broken into three pieces; (e) an unlabelled tray 
of six pieces (1-3 cm acros"j; and (t) a small unlabelled 
box of fragments «1.5 em across). Close comparison 
suggests that the unlabelled pieces are almost certainly 
part of the same material as the labelled specimens. 
Although a considerable number of the pieces have been 
fitted together, it is still unclear how many original 
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specimens had heen hroken up. 
These specimens range from pieces of spongy or 

solid quartz matrix with scattered descloizite crystals, to 
almost monominerallic , spongy aggregates of descloizite 
crystab, up to 3 cm acros~. Individual crystals are nearly 
square bevelled tabular, rarely more that 0.5 mm acro~::. 
and 0. 18 mm thick; in aggregate they tend to be ::.lightl} 
larger, more complex, and more equant. The culour 
ranges from light yellow-brown to very dark brown. A 
few pieces carry small , buff-coloured, opaque tapered 
prisms of vanadinitc and, very rarely, minute black 
acicular unidentified crystals, but no obvious mottramite 
was seen. 

A.K. ·s claimed find of descloi zite in such abundance 
on the Brandy Gill dumps i::. highly implau::.ible. \1an} 
years of intensive searche::. by many collector::. haw 
failed tu produce a single further specimen. The breaking 
up of une, or probably more than one, fine large specimen 
into many pieces, of which he donated three modest ones 
to the NHM and J small one to Russell, is bizarre, as is 
the casual way in which the remainder of this important 
material wa<; ,tored. Hoth are consistent with intentional 
falsification of the locality. Comparison with foreign 
specimens suggests that the mo t likely source of A.K. \ 
materia l was Mammoth mine , Tiger, Pinal Co. , AriLOna, 
USA, where large aggregates of small brown descloizilt! 
crysta ls occurred in association with vanadinitr. 
Roebling Collection no. R5355 (15 cm across) , from 
Pinal Co. , in the NMNH, Washington , provides a good 
match for the richer A.K . pieces. However, rather s imilar 
ag~regates occurred at Los Lamentos, Mexico, and 
further work would be needed to identify the source with 
more confidence. 

ALDERLEY EDGE, CHESHIRE 
Four items were presented and registered under one 

number, BM 1968,163: two pieces of sandstone with 
orange- red to light-brown crystalline encrustations , and 
two plastic boxes (here called A and B) of matrix-free 
fragments. They were supposedly collected by A.K. in 

FIG URE 4. Top left: Dcscloi zi le (,dechenite'), Niederschlettcnbach. 
Germany (part of 8M 26521); 25 mm long. Top right: Descioizite. 
"Engine vein. Alderley Edge, Cheshire" (part of 8M 1968. 163. box A). 
Bonom left: Descioizite ('eusynchite' ), Hofsgrund. Germany (part of 
BM 404 88). Bottom right: Descloiz ite. "Engine vein, Alderley Edge. 
Cheshire" (part of BM 1968.163, box B). 

J ouma! of the Russell Society (2001) 

1963 from the Engine vein opencast, Alderley Edge, 
Cheshire. Closer examination . however, shows that two 
quite dissimilar materials are present: 

A) Box A contain<; pieces «20 mm across) of 
orange-red. subfibrous, I-mm thick crust with a lustrous 
cry::.tallised surface , and the crusts on the sandstone 
pieces are similar though less well developed. The 
fragments are ~trikingly similar to fragments constituting 
BM 26521. ' dechenite ' from '\liederschkttenbach. 
Lauterthal, Rhenish Bavaria (now in Rheinland-PfaI7., 
Germany) , acquired in 1851 tsee Fig. 4). This is the 
specimen shown by Bannister l1933) to be arsenatian 
desc loizitc. IR spectra of this ' dechenite', the fragments 
in box A, and the crust~ on both pieces of matrix are 
essentially identical and also indicate arsenatian 
descloizite. Descloizite or very :,imilar appearance abo 
occurred in Pinal Co .. Arizona , USA (e.g. Roebling 
Collection no. R5355 in the N\1NH, Washington) but an 
lR spectrum shows it to contain little or no arsenate. 

B) Box B contains pieces « 17 mm across) of 
flattened stalactitic growths, orange-red fibrous internal!} 
with an earthy, buff-coloured, botryoidal surface. The} 
are s trikingly similar to fragmcnt~ constituting BM 
40488 , d~scloizite ('eusynchit.;') from Hofsgrund , 
Freiburg, Baden, Germany, acquired in 1866 (::.ee Fig. 4 ), 

and both give identical IR spectra, curresponJing to 
normal descloizite. 

It is suggested that A.K. used German specimens of 
' dechenite' and 'eusynchite ' from an old collection and 
falsified the locality, though why he mixed the two 
distinct varieties remains unexplained. The re is other 
evidence that his material did not come from Alderley 
Fdgc . Thu::., it i~ an easily accessible and much studied 
local it} (Braithwaitt:, 199-+), ~o it ::.eem::. strange that ~uch 
a conspicuou~ and ~eemingly plentiful mineral ha~ nut 
been reported by other~ . (See also the remarb under 
heterogenite , below). Indeed. it i::. uncertain whether 
substantial amounts of vanadium are present at Alderley 
Edge (in contrast to the nearby locality of Mottram St 
Andrew). No vanadium mineral has been positively 
identified from here. Neither are zinc minerals common; 
from Engine vein, Braithwaite ( 1994) records only 
s phalerite (uncommon), smithsoni [e (very rare) and 
hemitllorphite (very rare). Copper. on the uther hand. is 
abundant so that mottramite is mure Iikdy to form than 
descloizite. 

HIGHER LONGRIGG, CUMBRIA 
This is represented by a si ngle large specimen , 

broken into seven pieces, supposed ly colkcted by A.K. 
in 11)63 from Higher Longrigg, Hartley Birkett. Ki rkby 
Stephen, formerly in Westmorland. The reassembled 
specimen is shown in Fig. 5. It is registered as vanadinite 
on descloizite on silici fied limestone (BM 1968,177). 
The largest face of the grey, shattered , cherty matrix is 
covered by a continuous crust -\ mm thick of orange­
brown descloizite, with a grey dusty surface of small «I 
mm) intergrown sharp crystals ; on this are perched 
yellowish -brown, opaque to trans lucent , hexagonal 
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FIG URE 5. \',madinite un descloizite. "Higher Longrigg, Hartley 
Birkett , Cumbria" (BM 1968,1 77, reassembled from pieces). - 12 cm 
wide. T he entire top surface is covered by a thin crust of crystallised 
descloizite, on which are perched vanadinite crystals up to 4 mm in 
size. 

tabular crystals of vanadinite up to 4 mm across and 2 
mm thick, singly or in groups. IR spectra indicate a little 
As04 in the vanadinite, and none in the descloizite. The 
vanadinite crystals are very much larger than any found 
elsewhere in Britain. There are no further such 
specimens, nor anything with similar matrix, among 
other material from Higher Longrigg in the A.K. 
Collection. 

The small old workings in limestone at High or 
Higher Longrigg contain baryte, fluorite, calcill:, galena, 
chalcopyrite and zincian tennantite, with conspicuous 
azurite and mali.lchik. and rare cuprian adamite (Dunham 
and Wilson, \l}85; Braith\\-aite, 1988). A.K.'~ other 
material from Higher Longrigg is consistent with its 
claimed origin, but the descloizite-vanadinite specimen 
is almost certainly not from these wurkings; the 
possibility that A.K. discovered some other site on High 
Longrigg for these minerals cannot be excluded but is 
implausible lnote that no vanadium minerals appear to 
have been reported by others from the entire Northern 
Pennines). A.K.'s spec imen is likely to be from a foreign 
locality, but could not been matched in the NHM 
colh:ctions. 

FORD FARM QUARRY, DEVON 
This previously unpublished claimed occurrence is 

represented by BM 1l}58,786, consisting of nim: pieces of 
pegmatite, the largest -4 cm across, with prominent, 
deep-lilac, fibrous radiating dumortierite. It was 
supposedly collected by A.K. in 1936 from Ford Farm 
quarry, Stickle path, and was identified by XRD in 1958. 
These piece~ match in every respect classic material from 
Dehesa, San Diego Co .. California, LSA, which is 
common in many collections. There is nothing similar 
from Ford Farm quarry in the A.K. Collection; all the 
coarse granite on specimens of andalusite from the 
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shale-granite contact, also collected in 1936, is 
characterised by abundant black tourmaline. A.K .'s 
claimed locality for dumortierite should be regarded as 
very doubtful. 

Macroscopic dumortierite does not appear to have 
been reported from the British Isles, though the mineral 
wa:;, identified long ago as tiny grains in the heavy 
mineral fractions separated from various igneous and 
metamorphic rocks , and as detrital grains in sediments 
(e.g. Mackie , 1925; Groves, 1928). 

GOLD, Au 

rvrany specimens of gold claimed to have been collected 
by A.K. from more than 20 localities are in the A.K. 
Collection and/or registered in the ~ HM systematic 
collection. All these occurrences need to he validated, but 
re-examination of one case has been completed and is 
reported here. 

PORTHClIRNICK BEACH, CORNWALL 
Gold from "Porthcurnick beach" was described and 

figured in our preliminary paper (Ryback et al. , 1998). 
The specimen, BM 1965,83, is in four pieces (3,5- 7,5 cm 
across) plus fragments, showing tiny gold crystals on a 
manganiferous conglomerate, and was supposedly 
collected by A,K. in 1950 "from a manganiferous band in 
raised bt.:ach deposit, north end of Porthcurnick beach, 
Portscatho, Cornwall. ... There is no further material from 
this locality in the A.K. collection. A piece of BM 
\965,83 was acquired by R. W. Barsto\\- by exchange in 
1980, and is now in the C ity of Plymouth Museum & Art 
Gallery, registered as NH 1986.11.870 (Helen 
Burchmore, personal communication). The Plymouth 
specimen is referred to by Camm (1995, pp. 42 & 95), 
though misleadingly as "tiny flakes of gold". In addition, 
reflectance data and an analysis of "Porthcurnick beach" 
gold IBM 1965,83) were published by Criddle and 
Stanley (1986). 

A.K.·~ specimen matches a specim(;n (BM 85942) 
from Kanowna, near Kalgoorlie, Western Australia, 
presented by th~ Government of Western Australia in 
1902. Comparison under a stereomicroscope together 
with the tesb detailed below confirm the identity of these 
striking: and unusual specimens. On both: 

a) The matrix is a cavernous, rather friabk 
conglomerate of mostly creamy-whitt.: clayey pieces 
cemented by black Mn oxide crusts showing 
microcrystallised surfaces in cavities. The clay is 
predominantly endellite (halloysite-I OA). 

b) Random sampling of the black crust:-. gave almost 
identical EDX spectra, with major Mn, minor Fe and Co, 
and trace l\i. Three random samples from each specimen 
gave the following XRD results. "Porthcurnick": 
todorokite (+ impurity). birnessite + ?pyrochroite (twice); 
Kanowna: near birnessite (+ impurity), birnt.:ssite, 
chalcophanite. The differences are not thought to be 
significant in \ ie\\ of the small number of sampling 
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FIGURE 6. Gold, crystals O. I mm long on manganese oxide, 
" POI1hcurnick beach, Portscatho, Cornwall" (BM 1965,83). 
SEM photo. 

points and the often observed inhomogeneity of 
manganese pans. 

c) Under the SEM, a very thin continuous layer of a 
rare earth mineral , with La>Nd>Pr>Ca, can be seen just 
under parts of the Mn oxide crusts. It was not possible to 
isolate samples for XRD. 

d) All the visible gold is in the form of small «0.4 
mm), bright, slightly rounded crystals, scattered on the 
Mn oxide crusts in the cavities (Fig. 6). 

At Kanowna. in addition to ordinary alluvial anJ 
quartz-vein gold , there was a bed of auriferous clay, 
locally known as 'pug' and described as practically pure 
kaolin; it occurred under auriferous ironstone gravels 
partially cemented in places by kaolin and oxide of iron, 
filling an old watercourse (Maitland, 1900). 
Contemporary accounts in the Reports of the Department 
of Mines, Western .\uSl/·alia (e.g. for the years 1898. 
190 I, 1903) mention the 'pug' and the difficulties of 
extracting the gold from it. The only published reference 
to gold matching the two specimens discussed above 
appears to be by Maclaren (1908) , who describe~ "the 

FIGURE 7. Halotrichile, silky yellowish fibrous aggregates, 
" \IItalbank quarry, I n!!leton, North Yorkshire" (BM 1968.1 73). 
9 em lung . 
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most perfect crystals found in Western Australia" as 
single octahedra, not exceeding 1/50 inch (0 .5 mm) 
across, embedded in asbolite (asbolane) in the Kanowna 
'pug ' . 

It seems likely that supplie~ of the cavernous 
manganiferous pan with gold nystals were limited, and 
only available about 100 years ago, prompting one to 
wonder how A.K. obtained his specimen. It is intriguing 
to find that, as one of his early curatorial duties at Oxford, 
A.K. registered eight specimens of gold from Kanowna 
(no~. 19564 to 19571) as part of a collection presented to 

the Museum by Professor Frederick Soddy in 1945 
(Monica Price, persvnal communication). The Oxford 
spe(;imens are being re-examined . 

MEALBANK QUARRY, NORTH YORKSHIRE 
This previously unpublished claimed occurrence is 

ba~ed on a fine specimen, BM 1968,173, supposedly 
collected by A.K. in 1963 from Mealbank quarry, 
Ingleton. The specimen (Fig. 7) consists of a matrix-free 
nodular crust, the nodules when broken showing silky 
yellowish radiating fibres up to 5 or occasionally 8 mm 
long, and either hollow or partly filled messy centres. It 
looks like a complete specimen from an old collection, 
without freshly broken surfaces . Apart from the 
whewellite described below, there is no other material 
supposedly collected by A.K. at this locality in the NHM. 

Mealbank quarry is noted for copious quantities of 
earthy or powdery jarosite, mostly a~sociated with the 
fireclay below a coal-seam in the Carboniferous 
I imestone (Cosgrove and Hodson, 1963), but no other 
iron sulphate has been reponed. There is a strong 
suspicion that A.K. 's specimen was not collected at 
Mealbank quarr) but is an old specimen, probably from a 
foreign locality, although no matching material has been 
found in the NHM collections. 

Halotrichite was recorded from Scotland by Greg and 
Lettsom (1858) and has ~ince been identified at about a 
dozen localities in the British ble~. 

HETEROGENITE, CoO(OH) 

ALDERLEY EDGE, CHESHIRE 
This was included in our preliminary paper (Ryback 

el al. 1998), and was previously mentioned by Ryback 
anJ Tandy (1992) and by Braithwaite (1994), in both 
publications being incorrectly described as "on 
mineralised Permo-Triassic sandstone." The ~pecimen 
(8M /968 .162) is , in fact , matrix -free, and was 
supposedly collected ill situ by A.K. in 1963 from the 
Engine Vein opencast, Alderley Edge, Cheshire. It is 4 x 
3 ;< 1.5 em in size, consists of intergrown irregular 
staiactitic sheets with a shiny black botryoidal surface 
(Fig. 8), is broken at the two ends, and shows pronounced 
onion-shell internal structure, with brown and yellow 
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FtGIRE 8. Hel.:rogenile. "Engine Vein opencasl (in Silll). Alderley 
Edge, Che~ hire" (BM 1968.162). 43 mm long. 

limonitic material in the cores of the sheets and botryoids. 
There is no more such material in the A.K. Collection . 

It is highly unlikely that A.K .'s specimen could have 
come from Alderley Edge, where there are no voids large 
enough to have allowed its free growth , and where crusts 
of ~l!condary minerals rarely attain 1 mm in thickness . 
Moreover, if such a large single piece could be broken off 
in 1963 (supposedly in situ) , why was not more collected, 
then or later? Although cobalt does occur at Alderley 
Edge, as fairly abundant asbolane, rare erythrite, and 
probably cobaltite, heterogenite ha~ not been reported by 
others from here (or from elsewhere in the British Isles) . 

A.K.'s specimen most closely resembles heterogenite 
from Katanga (Shaba), Congo (Zaire), the classic and 
most prolific source for this species; in particular, BM 
1979,21 from Kalanga and HM IY98.% from Kabolela, 
Katanga, show onion-shell structures and limonitic core~ 
exactly like tho~e on A.K. 's specimen. 

A.K.'s de~cluiLite (~ee above), heterogenite, and 
plancheite (see below) ~tanJ out conspicuously among 
the very few and very ordinary other specimens collected 
at Alderley Edge in 1963. and the circumstances of their 
supposed discovery are al so strange. The occasion was a 
Mineralogical Societ) field excursion to Derbyshire and 
Alderley Edge on 26 September 1963. R.S.W. 
Braithwaitl!, one of the leader~ , who knew A.K. and 
shared with him an interest in rare minerab, had many 
conversatiun:. with A.K. that day and, on the next ddy , 
left with A.K . on a joint collecting expedition to the 
Pateley Bridge area in North Yorkshire. At no time did 
A.K. mention the three manifestl) remarkahle minerals 
he had supposedly collected . Only later, in a letter dated 
10 December J 963, did A.K. inform Braithwaite that he 
"got either Plancheite or Shattuckite from Alderley", and 
confirmed it as plancheite , "collected on the Sept. Min . 
Soc. trip" , in a letter dated 31 January 1 Y64; no mention 
was ever made of the descloizite and heterogenite. We are 
grateful to Dr. Braithwaite for this information. 
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KENNACK SANDS , CORNWALL 
This is a specimen (accompanied by many 

fragments) in the A.K. Collection, supposedly collected 
by him in 1966 from "veins in serpentine in the central 
foreshore of Kennaek Sands, Lizard, Cornwall" . It is 4.5 
x 2.5 x 2 cm in size, and shows a very rich , snow-white. 
convoluted, fibrous crust 3 mm thick , with a surface of 
projecting minute thin bladed crystals, and a small 
amount of matrix adhering to the back side. A similar 
specimen was pre<;ented by A.K . to Oxford University 
Museum (No. 22367). This claimed occurrence has not 
been previously published. 

Hydromagnesite has not been independently 
recorded from the Lizard peninSUla (Vincenl Holyer, 
personal cnmmunication) and , although hydromagne~ite 
is common world-wide, localities yielding specimens as 
fine as that described here are rare. AK 's specimen 
closely resembles those from localities in California 
(with a particularly close match to BM 1907,1023, from 
Devil's Hole , Alameda Co.) , and almost certainly 
originated from one of these sources rather than from 
Cornwall. 

BRANDY GILL, CUMBRIA 
Kingsbury and Hartley (1955) reported the finding in 

1952 of the rare mineral lindgrenite in the higher part of 
Brandy Gill, Caldbeck Fells _. a locality from which A.K. 
recorded many other interesting minerals . Lidgrenitl! ha~ 
been one of the most sought-after of Kingsbury \ claimed 
species, and the locality has been intensively dug over by 
collectors for over 40 years, withuut yielding a single 
further specimen . 

A.K. supposedly found the lingrcnite on a dump "as 
a result of breaking up a considerable amount of 
material"; the crystals were said to occur in several small 
cav ities in altered granophyre from the wall-rock of the 
} ·. Vv- trending Cu-Pb vein . The actual specimens, 
however. do not match thi .~ de!>cription . The registered 
speeimen~ (8M 1956.80. two pieces; BM 1956,432; and 
R 11121) can be fitted together to give a reassembled 
specimen lca 4 x 3 x I cm) with lindgrenite crystals (up 
to 2.5 mm long) exposed on both front and back and not 
confined in cavities. Two further pi.:ces (-1.5 cm size) in 
the A.K. Collection are very similar, fit together but do 
not appear to fit th.; rest , and may be part of the same 
specimen, with some material missing. 

In all re~pecb except the habit of the lindgrenite 
cry~tals. A.K.·s material matche~ that from the type 
locality. Chuquicamata, Chile. Goniometric 
measurements by P.G. Embrey ( in Kingsbury and 
Hartley, 1955) showed the "Brandy Gill" crystals to be 
tabular-prismatic parallel to at 100), whereas those from 
Chuquicamata and from Helena mine, Idaho, l'SA, are 
tabular parallel 10 h(OIO). and show other differences. A 
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~pecimen from Chuquicamata (BM 1974, 162) acquired 
since that study provides a particularly close match to the 
"Brandy Gill" specimens as regards the texture and 
colour of the quartzose matrix, and the colour, size and 
distribution of the lindgrenite crystals, but the crystals 
are, again, thin, markedly striated plates corresponding to 
the original description (Figs 3b and 5 in Pal ache, 1935), 
unlike those from "Brandy Gill", 

While there is strong evidence that A.K,'s lindgrenite 
came from Chuquicamata rather than Brandy Gill , the 
difference in crystal morphology remains a puzzle. 
Examination of more Chuquicamata specimens than are 
available to us would be desirable. 

There are. of course, many specimens of malachite 
amongst the Kingsbury material. One very dubious 
specimen is reported below. 

DRIGGITH MINE, CC:vtBRIA 
The malachite specimen B M 1957,785, already 

mentioned in our preliminary paper (Ryback et af., 1998), 
was supposedly collected by A.K. in 1951 from "near the 
beck below the 30-fathom levd dumps [NY 327 353] 
(below the new mill)", Driggith mine, Caldbeck Fells. It 
is very similar to a specimen from Zellerfeld , Harz, 
Germany (EM 59292, registered in 1883), and detailed 
comparison confirms the view that both come from the 
same locality. A.K.'s specimen is a slab of massive 
coarsely crystalline galena (11 x 6 cm) covered on one 
face by a reniform crust 2 mm thick of fibrous malachite. 
On the crystallised surface of the malachite are scattered 
small (I 2 mm) colourless crystals of cerussite, as 
twinned stubby prisms and, less abundantly, as distinctive 
pseudohexagonal star-shaped lensoids (Fig. 9). There are 
no fresh fractures, and the ~pecimen shows all the 
characteri stics of one from an old collection. The 

FIGURE 9. Cerussite, star-shaped twinned crystals up to 2 mm 
across on malachite. "Driggith minco Caldbeck Felis. Cumbria" (8M 
1957,785). 
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specimen from Zellerfeld is identical in all respect~, and in 
particular also carries very similar star-shaped ceruss ites. 
Such cerussites appear to be very rare - no other examples 
have been found so far in the NHM collections, and other 
specimens from Zellerfeld do not show this habit. 

Although malachite, cerussite and galena are not 
uncommon in this part of the Caldbeck Fells, there is little 
doubt that this particular specimen came from Zellerfeld 
and not from Driggith mine. Moreover. it i~ very unlikely 
that the exposed malachite and cerussite could have 
survived undamaged and unweathered in a mine dump or 
even buried in soft ground. 

METACII\~ABAR, HgS 

Cf introductory paragraph under cinnabar. 

COCKRILL MINE, NORTH YORKSHIRE 
BM 1968,80 is metacinnabar supposedly collected by 

A.K. in 1963 from the Cockhill mine, Bewerley, Pateley 
Bridge. The three pieces and fragments show dark-grey 
shiny metall ic masses of metacinnabar up to 6 mm across, 
some altering to brick-red earthy cinnabar, in a matrix of 
white lamellar baryte which also encloses colourless to 
pale-violet fluorite. Patches of colourless micro-acicular 
quartz are also present. BM 1968,80 was one of the 
specimens exhibited in 1968 (see under cinnabar). No 
further similar material has been found in the A.K. 
Collection, nor has metacinnabar been independently 
identified in the English Pennines. 

The "Cockhill mine" metacinnabar is similar in all 
res pects to classic material (' guadalcazarite ' ) from 
Gauadalcazar, San Luis Potosi, Mexico (e.g. BM 52423, 
BM 1924,368), and it is almost certain that AK's claimed 
locality was falsified. 

The three claimed occurrences given below, based on A.K. 
specimens donated to the NHM, were mentioned in our 
earlier paper (Ryback et al., 1998). No further material has 
been found in the A.K. Collection. They were never 
published by A.K., but appear in cotllpilations by Carlon 
(1 979), Young (1987), Cooper and Stanley (1 990), Ryback 
and Tandy (1992), Braithwaite (1994). Anthony el al. 
(1995), and Golley and Wi lliams (1995). 

DRIGGITH YIINE, CUMBRIA 
BM 1958,221, supposedly collected by A.K. in 1'152 

from the 30-fathom lev~1 dump at Driggith mine, 
Caldbed. Fells, and claimed as the first plancheite from 
the British Isles, i~ a specimen (3 x 2 x 1 cm) broken into 
two pieces which fit together (Fig. 10). It shows deep sky­
blue fibrous radiating plancheite forming a ~pherule of 8 
mm radius, embedded in dull-green , opaque, massive 
plancheite (which resembles pseudomalachite), with some 
light-buff. compact, earthy silicate matrix; ~ome patchy 
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FIGURE 10. Plancheite, deep sky-blue radiating, in matrix, "Drigl!ith 
mine, Caldbeck Fell s, Cumbria" (the two halves of 8M I 'lSR,221). 
l"he larger piece i, T mm long. 

blackened areas are prest:nt. The outer surfaces are 
undamaged, with a suggestion of 'museum patina'. 

In appearance, A.K.'s specimen matches typical 
plancheite from the Katanga (Shaba) area, Congo (Zaire), 
well represented in many old collections. Some of these 
(e.g. BM 1930,979) are also blackened in parts. Given the 
size of A.K .'s plancheite spherule, it is surprising that this 
species has not been independently reported from the 
Caldbeck Fells, an area of prolonged and intensive 
collecting. A supposed recent find of plancheite at 
Driggith mine (British Micromount Society Newsletter 
1\10. 37, 1994) was a mis-identification (Eddie Foy, 
personal communication. 1995). A.K.'s specimen is 
therefore almo:-t certainly foreign, most probably from 
Katanga. 

GUN HEATH PIT, CORNWALL 
BM 1968,159 is registered as dark blue grains of 

plancheite in turquoise, and was supposedly collected by 
A.K. in 1958 from Gunheath china-clay pit, St Austell. 
The grains are abundant but small (~I mm), irregular or 
angular, dark greyish-blue , and opaque , and are 
embedded in a pale-blue chalky matrix with small white 
earthy patches. Though rather deeper in colour, the 
matrix resembles the chalky turquoise-kaolinite 
mixtures, associated with kaolinite patches and quartz, 
that were abundant in large masses at Gunheath pit in the 
19505, and are well represented in the A.K. and Russell 
Collections. There is no plancheite on any of tho~e 
specimens. 

XRD and IR examination of the matrix revealed that 
it consist:> 01 chrysocolla plus calcite (probably with 
other, amorphous, phases) , and that no turquoise or 
kaolinite is present: Neither chrysocolla nor calcite occur 
at Gunheath pit except, perhaps, in traces (Weiss, 1994), 
and A.K.'s specimen is almost certainly not from here. 

BM 1968,159 consists of three pieces which fit 
together. The surface of the reassembled specimen (-3 
cm across) shows clear 'museum patina' , suggesting that 
it came from an old collection but had originally been 
part of larger mass. No matching material has been found 
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in the NHM collections. Plancheite from most localities 
is sky-blue and fibrous, but it is recorded as blue tablets 
in chrysocolla at the San \.1anuel mine, near \.1ammoth St 
Anthony mine , Tiger. Ari zona, USA (Anthony et aI., 
1977), or as indigo-blue sprays of very small size 
embedded in chrysocolla at Mammoth mine (Bideau, 
1980). These are [he only localities found in the literature 
for this unusual form of plancheite, suggesting a possibl e 
source of A.K.'s specimen. 

ALDERLEY EDGE, CHESHIRE 
BM 1964.412 consisb of 15 matrix-free fragments of 

spherules up to 13 mm in diameter, mostly of light-blue 
silky, fibrous, radiating plancheite, but in parts replaced 
by a pale hlue-green, earthy substance which XRD and 
IR also identify as plancheite (Fig. II ). There is a little 
malachite in minute bright-green crystals and flat 
aggregates on the broken internal surfaces of the 
spherules. These pieces were supposedly collected by 
A.K. in 1963 from the Engine vein opencast, Alderley 
Edge. The strange circumstances of their di scovery, and 
the improbability of any mineral crystallising to such a 
large size at thi s locality have been discussed under 
heterogenite, above. Moreover, it is surprising for any 
mineral from Alderley Edge not to have adhering 
sandstone or sand grains. On the other hand, A.K.'s 
specimen is, again, very similar to those from Katanga, 
Congo, some of which (e.g. 8M 1957,592) also show 
tiny malachite crystals on broken internal surfaces of the 
plancheite spherules . It is very likely that A.K. 's 
plancheite is from Katanga and not from Alderley Edge. 

As regards the status of plancheite as a British Isles 
mineral, all three of A.K.'s claimed occurrences are thus 
shown to be very dubious. There remains the very small 
fragment of plancheite found by Stuart Clark in 1976 at 
Engine vein, Alderley Edge tBraithwaite. 1994). Since 
this was matrix-free and found loose on the surface, 
further confirmation of its occurrence here would be 
desirable. 

FIGURE II. Plancheite, light-blue fibrous radiating and earthy, 
"Engine Vein opencast, Alderley Edge, Cheshire" (the three largest 
pieces of 8M 1964,412). The largest spherule is 13 mm across 
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Rockbridgeite was described as a new species distinct 
f d f · 2+ 3+ rom u remte [Fe Fe 4tP04h(OH)s-2H20] by 
Fronde! (1949), who also confinned dufrenite from the 
only then known British locality, Wheal Phoenix, 
Linkinhorne, Cornwall. Kingsbury (1957) reported that 
material collected by him from Wheal Phoenix was 
mostly dufrenite, but that two specimens were shown by 
XRD to be rockbridgeite. Kingsbury (1957) also 
recorded a second British occurrence of rockbridgeite, at 
East Wheal Russell, near Tavistock, Devon, and there is 
rockbridgeite from other localities in the A.K. Collection. 

A.K.'s rockbridgeites are still under investigation, 
but one result is mentioned here as it provides a third 
example of pieces of a single specimen being labelled by 
A.K. as coming from two completely different localities. 
(For others see adamite, above). 

RESTORMEL MIC\iE, CORNWALL 
EAST WHEAL RUSSELL, DEVON 

BM 1956,87 is a matrix-free piece of dark-brown, 
compact, fibrous, thinly-banded rockbridgeite, 
supposedly collected by A.K. in 1936 from East Wheal 
Russell. A tray of six very similar piece~ was found in the 
A.K. Collection, but labelled as rockbridgeite from 
Restonnel iron mines, Lanlivery, Cornwall, collected by 
A.K. in 1938. All seven pieces can be fitted together to 
fonn a specimen ca 7.5 x 4 x 4 cm in size (Fig. 12), with 
one nodular surface and a suggestion of 'museum patina'; 
a piece needed to complete the original specimen appears 
to be missing. 

It is, of course, possible that, after donating BM 
1956,87 to the NHM, A.K. made an uncharacteristic 
mistake in labelling the remaining pieces with the wrong 
locality and collection date. However, such a specimen 
(250 grams of solid fibrous rockbridgeite!) must have 
come from a rich deposit of the minerai. and neither 

FIGURE 12. Roekbridgeite, fibrous nodular massive, dark brown 
with thin pale handing. Top: Unregistered, from " Restormel mine, 
Lanlivery, Cornwall" (reassembled, 8 em long). Bottom: 8M 1956,87, 
from "East Wheal Russell, near Tavistock, De\ on", which tits on to the 
larger mass. 
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claimed locality is plausible. ~othing similar is known 
from Restormel mine. At East Wheal Russell, 
rockbridgeite occurs in a black fibrous radiating fonn «8 
mm radius) in vugs in ironstained quartz; the two 
authentic specimens (R8853 and R8854) were collected 
from the dumps in 1904, a:. "dufrenite", by Sir Arthur 
Russell. 

A.K. '5 specimen appears to be from an old collection. 
and almost certainly from the original locality near 
Lexington, Rockbridge Co., Virginia, USA (Frondel, 
1949), where several tons of what was then called 
dufrenite were found in an irregular bed of nodular 
masses up to 8 inches (20 cm) across (Campbell, 1881; 
Gordon, 1920; cf. BM 5353, BM 1927,1944). 

A.K. claimed to have found vanadinite at Brandy Gill, 
Carrock mine, Ingray Gill and Potts Gill mine, in the 
Caldbeck Fells, Cumbria (Cooper and Stanley, 1990), 
and at Higher Longrigg near Hartley Birkett, Cumbria. 
The occurrences at Brandy Gill and Higher Longrigg 
have been dealt with under descloizite, above; that at 
Carrock mine is discussed below; the provenance of the 
Potts Gill vanadinite is suspect but more work is needed: 
and no specimens from Ingray Gill have been traced (ef. 
Cooper and Stanley, 1990). 

Vanadinite is a rare mineral in the British Isles except 
at the well-known and once prolific locality of 
Wanlockhead in south Scotland. There are no more than 
about ten other con finned localities, where it occurs 
sparingly and in very small crystals. 

CARROCK MINE, CUMBRIA 
Kingsbury and Hartley (1956) described an 

occurrence of " slightly arsenical" vanadinite in "material 
from an old cross-cut driven close to the point where an 
east-west copper-lead vein meets an ankerite vein and 
the Emerson vein", near the foot of Brandy Gill near its 
junction with Grainsgill, Caldbeck Fells. This is in the 
area of Carrock mine, and it is listed under that name by 
Cooper and Stanley (1990). The oceurrence is 
represented by one registered specimen 7 cm long (BM 
1957,459), and three trays in the A.K. Collection 
containing a specimen 5.5 cm long and eleven small 
pieces, all similarly labelled and supposedly collected in 
1953; many of the small pieces carry much richer crusts 
of vanadinite than BM 1957,459. 

All this material shows small « I mm), pale yellow, 
often zoned, stubby hexagonal prisms, intergrown as 
crusts or scattered singly, on a maroon-coloured compact 
hard ironstone. Such matrix looks unlike any found in the 
Carrock mine area, but is very characteristic of classic 
specimens of 'endlichite' (arsenatian vanadinite) from 
Hillsboro, Sierra Co. , New Mexico, l'SA (e.g. BM 
1985,MI21184 and MI21190). The vanadinite crystals on 
A.K.'s specimens also match Hillsboro 'endlichite' in 
size, colour and habit, and have identical IR spectra, with 
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a significant peak at -415 cm 1 due to absorption by 
AsO/ . There is little doubt that A.K.'s specimen~ are 
from Hillsboro and not Carrock mine, and probably 
represent one or more broken up specimens from an old 
collection. 

WHEWELLITE, CaC20 4.H20 

MEALBANK QCARRY, NORTH YORKSHIRE 
BM 1965,101 consisb of an irregular lump of fairly 

hard coal with intergrown, clear, colourless crystals or 
whewellite up to 7 mm long which, with small whitish 
crystals of calcite , occurs in patches up to 2.5 cm across 
in the coal. It was supposedly collected by A.K. in 1963 
from Mealbank quarry, Ingleton, )rorth Yorkshire, and 
this claimed occurrence was noted by Ryback and Tandy 
(1 992) and by Hofmann and Bernasconi (lY9l:\). Apart 
from the halotrichite described above, A.K. does not 
seem to have collected anything else at thi~ locality. 
Mealbank quarry is a frequently visited collecting 
locality, and it is surpri~ing that ~uch a conspicuous 
mineral has not been reported independently. ~oreover, 
the coal at Mealbank quarry is well-cleaved and 
notorious for fallin g apart on storage, whereas the matrix 
of AK's specimen shows uneven fracture and appears to 
be quite stable. A.K. 's "Meal bank quarry" specimen is 
most likely to have come from one of the classic 
localities in Saxony, Germany. Indeed, the coal matrix of 
BM 77542, whewe llite from Zwickau, Saxony, is similar 
to that of A.K.'s speciml:n , both showing a distinctive 
pattern of very small brown wavy vein lets. 

In the British Isles, whewellite occurs at rock-lichen 
interfaces in NE Scotland and on Mull (Wilson et al., 
1980; Livingstone, 1993). It has also been reported as a 
small crystal in an ironstone nodule from Coal Measures 
at Lower Writhlington, near Radstock, Avon (now North­
East Somerset) (Mor:,e, 1994). 

DISCl'SSIOl\ 

Table I summarises the results. This study involved over 
260 Kingsbury specimens (not counting those used for 
comparison), but the pattern of falsification that has 
emerged is also representative of the many further 
examples flagged as suspect and awaiting detai led 
examination. Some comment~ are appropriate at this 
stage. 

a) The mo~t common fabification appear5 to con~ist 
of taking a foreign specimen from an old collection and 
re-labelling it as having been collected from a British 
locality. 

b) ~an) of the specimens used in this way are of 
'classic' material (<;ee under Methods of Investigation). 
Some are so characteristic and well-known that it is 
surprising that no comment was made at the time (e.g. 
some of the Lavrion adamite~; the Salm-Chateau 

ardennite; the Dehesa dumortierite; the Hi Il sboro 
vanadinite). 
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c) However, some of the specimens are rarities that 
are not u5ually found in an average old collection (e.g. 
aerugite with xanthiosite ; Kanowna gold; plancheite in 
chrysocolla from ? Arizona). It would be interesting to 
investigate the possible sources of such material. 

d) A.K. 's unconventional habit of breaking up fine 
specimens into several pieces (sometimes acros5 a 
crystal-covered facL:!) rai ses suspicions, especially when 
the piece(s) donated to the NHM or to Russell are less 
rich and less indicative of the true locality than the pieces 
retained by A.K. Sometimes such 'offcuts' of rare 
minerals are found in rather casually labelled or eVL:n 
unlabelled trays scattered through the A.K. Collection 
te.g. "Brandy Gill" descloizite). 

e) No records of which specimens had been falsified 
have been found among A.K. 's papers in the NHM, nor 
can such specimens be distingui~hed from the 
undoubtedly genuinL: material by thl:ir label:" or by the 
entries in the 'X-ray notebooks '. In the case of the 
Caldbeck Fel]" mineral s, A.K. added them all to hi~ 

annotated 6-inch map of the area . The deception seems 
to have been carried through even in documents not 
meant for other eyes (e.g. the diary mentioning "Brandy 
Gill" ardennite). 

f) Three examples were uncovered of pieces of a 
single, probably foreign specimen being claimed by A.K. 
from two different British localitites (see under adamite 
and rockbridgeite). Their labelling is quite unambiguous, 
but whether such duplication was intended or wa~ the 
r~sult of oversight is not known. 

g) A subsequent independent identification of a 
species at a locality does not necessarily validate the 
material that A.K. claimed to have found there, which 
may be quite unlike the genuine material (e.g. adamites 
from Caldbeck Fells localities). Examination of his actual 
specimens is essential in every case. 

The significance of A.K. 's falsified localities extL:nds 
beyond questions of mere 'topographical mineralogy' 
interest, e.g. whether a certain mineral occurs in Britain, 
or the priority of ib first di~cover) there. The uncertainty 
now attached to the ~tudy by Jxer and Stanley (1987) of 
Ag-Ni-Co minerah frolll "Tynebuttom mine, Cumbria" 
was mentioned earlier (Ryback ef al., 1998). Further 
examples of published work for which A .K. supplied 
specimens, now to be treated with caution, are the age 
determination of pitchbknde from "South Terras mine" 
and "Wheal Owles", Cornwall (Pockley, 1964; cf. 
Darnley et al ., 1965); a study of durangite from 
"Cheese wring quarry, Cornwall" (Foord et al., 1985); 
and a study of lithium aluminium silicates and petalite, 
incidentally furnishing the fir~t British record of 
eucryptite. from "Meldon aplite quarry. Devon" 
(Drysdale, 1991 ). 

This investigation is continuing. and we would 
welcome comments on the results [lublished so far, and 
further information on any aspect of Kingsbury's life and 
work. We would also be glad to hear from curators who 
have Kingsbury material in their colkctions. 
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TABLE I. Summary o f results. (For species in italics, only selected specimens have been examined. For other species, all available Kings bury 

material has been evaluated). 

Species Claimed locality< I) 

- ------ -- -- -----

Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Adamite 
Aerugite 
Ardennite 
Bismutoferrite 
Carpholite 
Carpholite 
Carpholite 
Carpholite 
Churchite-(Y) 
Cinnahar 
Descloizite 
Descloizite 
Descloizite 
Descloizite 
Dumortierite 
Gold 
Halotrichite 
Heterogenite 
Hydromagnesite 
J,indgrenite 
Malachite 
Metacinnabar 
Plancheite 
Plancheite 
Plancheite 
Rockbridgeite 
Rockbridgeile 
Vanadinite 
Vanadinite 
Vanadinite 
Whewellite 
Xanthiosite 

Sandbed mine, Cumbria 
Netherrow Brow, Cumbria (A) 
Netherrow Brow, Cumbria (B) 
Potts Gill, Cumbria (A) 
Potts Gill, Cumbria (B) 
Wanthwaite mine, Cumbria (A) 
Wanthwaite mine, Cumbria (B) 
Wheal Carpenter, Cornwall 
Penberthy Croft mine, Cornwall (A) 
Penberthy Croft mine, Cornwall (B) 
Pengenna (Trewethen) mine, Cornwall 
Wheal Trelawny, Cornwall 
South Terras mine, Cornwall 
Brandy Gill head, Cumbria 
South Terras mine, Cornwall 
Grainsgill, Cumbria 
Stennagwyn mine, Cornwall 
Hingston Down Consols. Cornwall 
Kit Hill, Cornwall 
Tretoil mine, Cornwall 
Craven Cross, North Yorkshire 
Brandy Gill, Cumbria 
Alderley Edge, Cheshire (A) 
Alderley Edge, Cheshire (B) 
Higher Longrigg, Cumbria 
Ford Farm quarry, Devon 
Porthcurnick Beach, Cornwall 
Mealbank quarry, North Yorkshire 
Alderley Edge, Cheshire 
Kennack Sands, Cornwall 
Brandy Gill, Cumbria 
Driggith mine, Cumbria 
Cockhill mine, North Yorkshire 
Driggith mine, Cumbria 
Gunheath pit, Cornwall 
Alderley Edge, Cheshire 
RestormeJ mine, Cornwall 
East Wheal Russell, Devon 
Brandy Gill, Cumbria 
Carrock mine, Cumbria 
Higher Longrigg, Cumbria 
Mealbank quarry, North Yorkshire 
South Terras mine, Cornwall 

Locality status 

Discredited(2) 
Very doubtful(2) 
Discredited(2) 
May be correct(2) 
Discredited(2) 

Very doubtful 
Doubtful 
Doubtful 
Doubtful 
Discredited 
Doubtful 
Doubtful 
Very doubtful 
Very doubtful 
Doubtful 
Doubtful 
Suspect 
Very doubtful 
Unknown(3 ) 
Suspect(4) 

Very doubtful 
Very doubtful 
Very doubtful 
Very doubtful 
Doubtful 
Very doubtful 
Very doubtful 
Suspect 
Very doubtful 
Doubtful 
Suspect 
Very doubtful(2) 

Very doubtful 
Very doubtful 
Very doubtful 

("~) Very doubtful _. 
Discredited 
Discredited(2) 
Very doubtful(2) 

Very doubtful 
Doubtful 
Doubtful 
Very doubtful 

Possible'probable true locality 

Lavrion, Greece 
Lavrion, Greece 
Lavrion, Greece 

(Lavrion, Greece?) 
(Lavrion, Greece?) 
(Lavrion, Greece?) 
Lavrion, Greece 
(Natalievsky mine, Siberia?) 
(Lavrion, Greece?) 
(Lavrion, Greece?) 
(Probably foreign) 
Johanngeorgenstadt, Saxony 
Salm-Chatcau, Belgium 
Schneeberg, Saxony 
Slavkov. Bohemia 
Slavkov, Bohemia 
Wippra. Germany 

Berehove area, Ckraine 
(Pinal Co., Arizona?) 
Niederschlettenbach, Germany 
Hofsgrund, Germany 
(Probably foreign) 
Dehesa, California 
Kanowna, Western Australia 
(Probably foreign) 
Katanga, Congo 
Ca lifornia (Alameda Co,?) 
(Chuquicamata, Chile?) 
Zellerfeld, Germany 
Guadalcazar, Mexico 
Katanga, Congo 
(Tiger, Arizona?) 
Katanga, Congo 
Lexington, Virginia 
Lexington, Virginia 
(Pinal Co., Arizona?) 
Hillsboro, New Mexico 
(Probably foreign) 
Saxony (Zwickau?) 
Johanngeorgenstadt. Saxony 

Notcs: I) Where two distinct types of material from one locality are present , they are distinguished 3, A and B. 
2) Applies only to specified Kingsbury specimens; the mineral has been independently reported from this locality. 
3) No specimcns found in the collections. 
4) May be an old specimen from the ori),!inal unspecified Comish locality. 
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Arthur Kingsbury in Meldon quarry, Devon, June 1955. 
(Pharo : C. Ryhack) 
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MICA QUARRYING AND PROCESSING IN SCOTLAND DURING THE 
SECOND WORLD WAR 

R.P, McINTOSH 
British Geological Survey, Murchison House, West Mains Road, E:.dinburgh, EH9 3LA 

An outline is given of mica quarryinJ!, and processinJ!, in the Highlands of Scotland during the Second World War, 
illustrated with contemporar) photographs of the operations and recent photographs of the sheet mica produced. 

In 1942, when the Battle of the Atlantic was at its 
height and Allied merchant shipping losses for the year 
were running at 1,664 ships, the transport of strategic 
resources from all over the world was seriously disrupted. 
At home, the Geological Survey of Great Britain working 
with the 'V1inistry of Supply was involved in the search for 
a range of strategic mineral resources. One such mineral, 
normally obtained from India, was mica. Lsed 
extensively in the electrical industries, especially for radio 
parts , it was in very great demand. loint investigations 
began into possihle economic deposits of mica between 
the Survey and both the Non-Ferrous Minerals 
Development Control and the Mica Control of the 
Ministry of Supply. These investigations were initially 
focused on the mica deposit in the Knoydart district of the 
western Highlands, discovered in 1938 by the Geological 
Survey of Great Britain (now British Geological Survey, 
BGS). 

This brief article is written to accompany a selection of 
Geolol'ical Survey photographs taken to record the mining 
and process ing operations of the industry that arose out of 
the investigations, and recent photographs of actual 
samples of processed mica from the Pitlochry Depot held 
in the BGS rock and mineral collection. The BGS al so 
holds many mica specimens from most of the deposits that 
were under investigation or worked during the war. 

FIGURE 1. View of Sgurr Coi re nan Gobhar mica workings , Knoydart. 
NO.3 Working. Upper Bench. showing highly inclined bands of mica­
bearing pegmatite (white ) and schi st (grey). (BGS Photograph C03796) 
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DISTRIBCTlOI\ OF MICA IN SCOTLAND 

Mica is widely distributed in many common rocks, but is 
rarely found in sufficient quantities and of adequate 
quality to be of economic significance. In Scotland, the 
only muscovite-rich pegmatites suitable for sheet mica 
production are those cutting the Moinian rocks in two 
areas: in a western belt extending from Knoydart 
southwards to Loch Shiel and Loch Sunart; and an eastern 
group in the Strathpeffer and Garve districts, west of 
Dingwall in Ross-shire. Both provided s ites for 
commercial production of sheet mica during the Second 
World War. 

As well as investigating the possibility of working 
mica-bearing pegmatile~ in Knoydart in late 1942, the 
Geological Survey conducted an intensive search for new 
mica occurrences in 1943. As a result the Eastern Mica 
Cu. Ltd. looked at deposits at Acharacle and Loch Shiel, 
Ben Resipol , Ardarie (Loch Shiel), Kinlochquoich and 
Glenfinnan in the west; and three sites in the eastern 
(Strathpeffer-Garve) district: Little Scatwell, Cam Gorm 
and Brae Tollie. (The positions of these localities are 
given in the publications cited below.) Apart from the 
Knoydan deposit only the l.ittle Scatwell deposit reached 
the production stage. 

FIG UR E 2. View of the Sgurr Co ire nan Gobhar mica worki ngs. 
Knoydan . No. I Working, showing workmen excavating mica books 
from the west end of the Lowe r Bench. Note the small . ca le of the 
workings. (BGS Photograph C03807) 
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FIGURE 3. Samples of mica books after rough dressing (rough 
cobbed). as sent for process ing to the Pitlochry Depot. Note 1 5-cm scale 
at base o f the middle specimen. (BGS Photograph C03804) 

FIGURE 5. Cutting and trimming mica. The split mica sheets were 
trimmed of all fla ws. structural imperfections or, less serious. inclusions. 
The cutting knife was held at a low angle to the c leavage so the plates 
were consequentl y bevelled. (BGS Photograph ( 038 11) 

FIGURE 7. Packing graded sheet mica for despatch. Each packing case 
contained about 50 Ib (22- 23 kg) of mica, packed in layers with the edges 
overlapping to prevent damage in transi t. (BGS Photograph (03814) 

FIGURE 4. Rough splitting of dressed mica book> by two workers at 
the Pitlochry soning fac tory. Preparat ion "I mica for the market wa a 
LOlllparative ly simple but skilled operation. carri ed out entirel y by hand 
with the aid of a spec ial splitting kni fe . Notc Ihe heav y gauntlets worn t(' 
prOlect the hands. An) adhering rock was removed before the books 
were splil into plate, 3 mm or less in thi ckness . (BGS Photograph 
( 03808) 

FIG URE 6. Selecting mica heet s for grade and quality. The cut and 
trimmed mica was so ned into piles of diffe re nt grade and quality. The 
grader may a lso have removed some stained film , etc. to improve the 
quality. (BGS Photograph (038 12) 

FIGl"RE 8. A consignment of sheet mica ready for despatch. (BGS 
Photograph ('03815) 

Figs 1- 10 are reproduced by permi ion of the Director. British Geological Survey. © NERC. All ri ghts reserved 
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FIG URE 9. A recent photograph of cut and trimmed mica specimens 
from the Pitlochry Depot. ht:ld in the BGS mineral collection . Note the 
transparenc y in the o verlapping pieces. The length o f the large t piece in 
the clOntrlO is 10 cm. (BGS Photograph Z0(082) 

KNOYDART MICA DEPOSIT 

The deposit illustrated in Figs I and 2 is the quartz-mica 
pegmatite, at an altitude of 520-550 m on Sgurr Coire nan 
Gobhar (National Grid Reference NM 798 96 I), 80 km 
WSW of Fort Augustu~. The area is very remote and 
accessible only by sea. The deposit was opened up in May 
1943, at first working the original pegmatite discovered by 
the Geological Survey, but later four other quarril:~ opened 
up in the vicinity. During the life of the operation~ the 
original quarry remained th~ mu~t important, ~upplying 
almost 707( of the total production. The mica lOne in th~ 
pegmatite was about I m wide and was proved for a length 
of about 80 m. 

The muscovite mica sent for processing \\ as of a high 
quality, brownish ruby in colour, hard, substantially flat, 
and r-Iossy. A small proportion had light ~egetabk 

staining and mineral dots. Overall, thl: mica from this 
deposit was graded as ' stained' or better. The mica 
'books' were normally 18-20 cm in diameter, but not 
uncommonly ranged to 50 or 60 cm. They were about 2.5 
cm thick. Three mica books are shown in Fig. 3. 

The rock was blasted and quarried, and the mica was 
transported by pony down a track constructed by troops 
who we re training in the area. The mica was rough­
dressed in a shed and carried from a jetty by boat (0 

Mallaig, from there by rail to Rannoch, and finally by bus 
to the sorting factory at Pitlochry in Perthshire. 

PROCESSING AT PITLOCHRY 

The main sorting factory at Pitlochry was opened in 
August 1943. It had a staff of six, for the first few weeks 
under the direction of Mr A.B. Mudie of the Eastern Mica 
Company and later under Mrs D.G. Readdie (the wife of 
Mr D.G. Readdie, of the Ministry of Supply, Mica Control 
Department). The staff complement increased to 36 in 
~ovember 1943. 
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FIG URE 10. A c1o,e-up photograph of some of the mica sheets seen in 
Figu re 9. T he mica clearly shows bevelled edges caused by trimming 
with a kni fe . The length of the top edge of the lower specimen is 5 em. 

(BGS Photog raph ZOO083) 

The mica was sourced from two main areas, Sgurr Coire 
nan Gobhar in Knoydart and Littl e Scatwell (NH 380 573) 
in the Strathpeffer-Garve district. Small quantities of 
block mica were also obtained from Cam Gorm (NE of 
Loch Garve), and from Brae Tollie (8 km NW of Alness) , 
both of which could be regarded as little more than 
extensive trials. 

The preparation of block mica for industrial use was a 
highly .,pecialised task and the workers employed, young 
girls recruited locally, had to undergo many weeks of 
training, though it was possible to judge after only a few 
days if a girl had the aptitude for the work. The trainees' 
first task was to master the technique of cutting the mica 
quickly and cleanly, and from there they learnt how to 
extract the largest possible plate with the minimum of 
waste, ho\\ and when to remove interlaminar stain~ by 
splitting. and how to remove damaged films from the 
surface of the block a~ thinly a!> pos~ible. Once trained, a 
worker could produce daily from 2 kg for the smaller 
grades to 7 "g for the larger grade~. 

The equipment used eon!>ist~d of variou~ types of 
knives, ~ach of which had a distinct and separate purpose. 
:\ncillary equipment consisted of nothing more than 
grading charts, white cardboard used for inspection 
purpose,;, overalls, protective clothing and gloves, a long 
with the shallow wooden trays for holding the mica as it 
passed through the different proce~ses. 

After the mica 'books' were extracted from the quarry 
the first process they underw~nt was rough dre~~ing . Thi~ 

was initially done near the quarry at Knoydart but soon 
transferred to the Pitlochry depot. It consisted of splitting 
th~ books into sheets and the removal by cutting of the 
flaws, incrustations and striations . The mica would then 

be passed to the cutters who, using skill and great care. 
would remove the remaining flaws and trim the edges, 
leaving block mica of irregular shape with a curved and 
indented outline (Figs 4 and 5). Further fine splitting to 
r~move stains and spots required great judgement to 
balance loss in we ight against the possibility of improving 
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the quality of the block. The final process was the grading 
for size and quality (Fig. 6). Size was defined by the area 
of the largest rectangle that could be cut from it, while 
quality was based on clearness, hardness and flatness. 
Typical remaining imperfections such as air spots, mineral 
or vegetable spots or lines, softness or waviness would 
affect the electrical and/or mechanical properties of the 
mica. Finally, mica to the weight of around 50lb (22-23 
kg) would be placed into wooden packing cases before 
despatch to London (Figs 7 and 8). To prevent damage in 
transit the mica blocks would be packed in layers with 
overlapping edges. Examples of the factory product are 
shown in Figs 9 and 10. 

The mica was used for a wide range of radio, electrical 
and scientific purposes. Typical item~ included condenser 
plates. valve bridges. cathoue ray plates and di scs . 
commutator separators . wrappings and washers. heater 
plates and stove plates. In addition to the block mica the 
depot produced a large amount of scrap mica. This 
consisted of material from the mine which was found 
unsuitable for processing. waste material from the rough 
dressing, or trimmings from the cutting process. It was 
ground for use as a filler in the manufacture of rubber and 
insulating boards. 

SU\1MARY OF PRODUCTION AT PITLOCHRY 

Production at the Pitlochry Depot totalled 7,122 lb (3.23 
tonnes) of block mica and ~5 tons (~6 tonnes) of scrap 
mica. The quality was stated to be equal to that from Tndia 
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and other sources but the production cOSb per Ib of block 
mica were many times that of India. The production data 
for the two main areas are shown in Table I. 
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TA!3LE I. Production data for crude mica. 

Deposit Rock quarried Crude mica Crude mica yield 
(IOns) produced (lb) (lb/ton) (% ) 

Knoydan 3,606 74.606 20.69 0.92 
Lillie SC3twell 7.079 117.778 16.6 0.74 

Total 10,685 192.384 18 0.8 
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COPPER MINERALISATION IN THE PERMIAN MAGNESIAN LIMESTONE 
AT RAISBY, COXHOE, COUNTY DURHAM, ENGLAND 

Brian YOUNG 
British Geologica l Survey. Murchison House. West \1ain~ Road . Edinburgh. EH9 3LA 

Epigenetic copper mineralbation, hosted within Lpper Permian limestones, is present in the Butterknowle Fault System at 
Raisby in eastern County Durham. This mineralisation, which is unlike the more widespread baryte-fluorite dominated 
mineralisation within the Permian rocks of County Durham, ma~ be a member of a small number of peripheral centres of 
copper mineralisation in the outer parts of the Northern Pennine orefields. The mineralogy and structural setting compares 
closely tu similar small copper deposits in Upper Permian limestones in Yorkshire. 

INTRODl'CTION 

The common and relatively widespread o\.:currence of 
baryte and fluorite, locally accompanied by galena, 
sphalerite, pyrite, etc., within the Permian rocks of County 
Durham was first described by Fowler (1943, 1956). Brief 
reference to mineralisation in these rocks was also made 
by Dunham (1948). More recently the geographical and 
stratigraphical distribution of epigenetic mineralisation, 
including coppl:r mineralisation , within the Permian 
limestones has been reviewed by Smith and Franci<; 
(1967), and detailed studies of baryte, fluorite and 
lead-zinc mineralisation have been published by Jones 
and Hirst (1972) and Hirst and Smith (1974). A study of 
the Raisby Formation, formerly known as the Lower 
Magnesian Limestone, by Lee (1990) provided further 
descriptive detail s and interprc:tive models for these 
occurrences. 

The presence of copper mineralisation, 
unaccompanied by lead or zinc minerals, barytc or 
fluorite, has long been known in the Raisby area (Smythe, 
1924; Dunham, 1948) though no descriptions of the 
occurrences or of the minerals present haw yet been 
published. Raisby lies approximately I km east of the 
village of Coxhoe, on the west-fac ing escarpment of the 
Permian Magnesian Limc:stone, about 10 km suuth-east of 
Durham City (Fig. I). 

GEOLOGICAL SETTING 

The Permian rocks of east Durham lie unconformably 
upon Upper Carboniferous rock<; . In the Coxhoe area 
these comprise the Middle Coal Measures (Fig. 2). 
Detailed descriptions of both the Carboniferous and the 
Permian rocks have been given by Smith and Francis 
( 1967). 

The lowest Permian rocks comprise a sequence of 
weakly-cemented aeolian sands, known as the Yellow 
Sands, of Lower Permian age. These form a series of 
roughly NE-SW orientated dunal ridges which may be up 
to 48 m thick: they are locally absent. The records of 
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numerous boreholes through the base of the Permian rocks 
in this area give a clear impression of the distribution, 
form and orientation of these dunal ridges (Smith and 
Francis, 1967; Steele,1983; Yardley, 1984). The work of 
Smith and Francis (1967, fig . 18) reveals that the Raisby 
area lies above the north-eastern extremity of one such 
pronounced Yellow Sand ridge. Borings reveal that the 
Yellow Sand~ are up to 4 m thick in the Raisby area though 
they are locally absent at outcrop between here and 
Coxhoe. 

Overlying the Yellow Sands or, where these are absent, 
the Coal Measures, is the Upper Permian Marl Slate. This 
unit, which typically comprises well-laminated and rather 
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FIG URE 2. Geology in the n~i!!hbourhood of Raisby quarry. 

bituminous silty dolomitic shale or shaly dolomite. is 
regarded as the English equivalent of the Kupferschiefer 
("'Copper shale") at the base of the German and east 
European Upper Permian succession .. . Deans (1950) has 
demonstrated that the Marl Slate locally carries base metal 
concentrations over 100 times greater than norma l 
background geochemical values, and notes that it contains 
a trace-ckment assemblagl! simi lar to that of the 
Kupferschiefer. Hirst and Dunham (1963) :,ugge:,t that the 
variable content of lead, Linc and copper in the Marl Slate 

may be the result of an intermittent influx of these metal s 
from :,ubmarine springs into the Marl Slate lagoon durin? 
sedimentation. The depositional environments, 
mineralogy, geochemistry and metallogenesis of the 
Kupferschiefer, including its English equivalent, have 
been comprehensively reviewed by Vaughan et al . ( 1989). 
The Marl Slate, which is also well known for its well ­
prl!~erved , anJ locally abundant, fish fauna (Westoll, 
1941) varies from 0.6 to 5.4 m in thickness. The unit is up 
to 2 m thick in borings in the Rai sby area. 

The Marl Slate passes upwards into the beddeJ. 
communly Jolomitic. limestones of the Raisby Formation 
(previously referred to as the Lower Magnesian 
Limestone). Thi~ formation, which is up to about 70 m 
thick in the Coxhoe area, is in tum overlain by the \1iddle 
Magnesian Limestone, known further north in County 
Durham a~ the Ford Formation. 

The Magnesian Limestone typically gives rises to a 
very pronounced we~t-facin!! scarp feature along much of 
ib outcrup, in which numerous quarries have been 
worked. The lower units of the Magnesian Limestune, the 
Raisby and Ford Formations, are currently worked on a 
very large scale at Raisby Quarries , east of Coxhoe. In 
recent years opencast coal workings in the floor of the 
quarry have penetrated the Marl Sla((; and Yellow Sands. 

To the south-east of Cox hoe the Coal Measures and 
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Magnesian Limestone outcrop:, are cut by the 
Butterknowle Fault , a part of the Lunedale-Butterknowle 
Fault System which in the Coxhoe neighbourhood has a 
down throw to the south of at least 100 m in the Permian 
strata . The throw is greater in the underlying Coal 
Measures. Although the latest movement on the fault is 
clearly of post-Permian age, the Lunedale-Butterknowle 
Fault System as <;een today at outcrop is the surface 
expression of a major fault zone which, during 
Carboniferous times , acted a~ a hinge Lone which 
separated the Alston Block to the north from the 
Stainmore Basin to the south. 

Adjacent to the Butterknowle Fault in the Cox hoe area, 
the gentle easterly regional dip of both the Coal Measures 
and Magnesian Limestone is disrupted. On the north, or 
upthrow, side of the fault these beds dip gently to the north 
or north-east. On the south, or downthrow, side the beds 
dip comparatively steeply north towards the fault, forming 
the northern limb of the E-W orientated Trimdon 
Anticline (Smith and Francis, 1967). 

The Butterknowle Fault , or fractures closely associated 
with it, are exposed cuning the Magnesian Limestone in 
the abandoned railway cutting south of Raisby quarry. 

DESCRIPTION OF MINERALISATION 

Smythe ( 1924) commented on the presence of 
chalcopyrite, malachite and limonite in fissures in the 
Lowl!r Magnl!sian Limestone (Raisby Formation) at 
Raisby quarry, and Dunham (1948) noted that native 
copper is said to have been founJ here. Neither of these 
authors gave descriptions of the occurrences. Although 
the present author found a few loose fragments of 
chalcopyrite encrusted with malachite in the ~outh-eastern 
part of the quarry about 10 years ago, no copper 
mineralisation wa~ then seen in situ and it is under~tood 
that none has been seen since. Smith and Francis (1967) 
commented brietly on the presence of malachite and 
chalcopyrite within brecciated dolomite and Jolomitic 
limestone, dost:! to the Butlt:!rk.nowle Fault. between the 
then eastern end of the quarry and the railway line. This 
area has for many years been obscured beneath quarry 
spoil. 

Geological mapping reveals that the Butterknowle 
Fault crosses the old railway cutting at an oblique angle 
(Fig. 2). The limestones exposed in thl' cutting lie on the 
north , or upthrow, side of the fault and are conspicuously 
brecciated . An expo~ure of "cupriferou:. dolomitic 
limestone breccia" (National Grid Reference NZ 3502 
3492) in the abandoned c utting , nuted un British 
v eological Survey J: 10500 scale Sheet NZ 33 SE, is not 
described further in the Durham Memoir (Smith and 
rrancis, 19(7). Although the sides of the cutting are now 
rather overgrown, this exposure may still be seen today. 

It comprises a low craggy outcrop, on the north side of 
the cutting, consisting of pale yellowish buff brecciated 
dolomitic limestone. Patchy, thin « I mm) crusts of 
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malachite and azurite are con~picuou~. On the eastern side 
of this outcrop copper mineralisation is concentrated 
within a roughly E-W striking vein-like structure up to 18 
cm wide which dips steeply to the north. This consists of 
angular fragments of yellowish buff dolomitic limestone 
locally cemented by malachite stringers up to about 5 mm 
across. Much of the malachite is compact and finely 
crystalline though locally it forms clusters of dark green 
radiating acicular crystals up to -l mm long. In places the 
wide~t malachite stringers exhibit a core of a bright grey 
silvery mineral , identified by X-ray diffraction as djurleite 
(Oxford University Museum X-ray no. 18-3-
91 \1TP/B Y I +BY2). Much of this is in an advanced stage 
of alteration to malachite though a few pockets of 
comparively fresh djurleite up to 5 mm across have been 
collected. Very locally this breccia contains small «2 mm 
acros~) patches of reddish brown crystalline cuprite, 
accompanied in places by tiny « I mm across) irregular 
ma~ses of native copper. The only other mineral observed 
here is a little white calcite. 

Although considerably overgrown, the side5 of the 
cutting for at least 15 m west of this craggy outcrop reveal 
abundant copper mineralisation in a belt at least 1 m wide 
parallel to the mapped outcrop of the Butterknowle Fault. 
A fev. small exposures reveal pale grey to buff brecciated 
dolomitic limestone, commonly with angular-sided 
cavities up to 15 mm across, which may represent 
weathered-out, or leached-out, limestone clasts. Within 
these cavities spheroidal aggregates of deep blue azurite 
crystals up to about 2 mm across are locally common. A 
little colourless or while rhombohedral calcite lines a fev. 
of these cavities . Fracture surfaces within the limestone 
are commonly stained bright blue by azurite. I olated 
azurite spheroids are commonly found loose in the soil 
which covers the sides of the cutting. 

A striking feature of the mineralisation exposed in the 
Raisby cutting is the absence of any of the other 
metalliferous or gangue minerals, such as galena, 
sphalerite, fluorite and baryte, which are characteristic of 
the mineralisation seen in the Magnesian Limestone 
elsewhere in the neighbourhood. 

Dunham (1990, p.273) has drawn attention to the 
widespread occurrence of mineralisation along the length 
of the Lunedale-Butterknowle Fault and in fold structures 
associated with it. Smith (1981, fig . 2) illustrates the 
widespread presence of mineralisation in the Westphalian 
Coal Measures on the downthrow side of the fault, 
revealed by numerous boreholes in the Fishhurn area, 
though no details of the minerals present are discussed. 

DISCUSSIOl\ 

Epigenetic mineralisation is comparatively common in the 
Magnesian Liml:stone of the Cox hoe area. Mineral 
assemblages within these small deposits typically contain 
variable proportions of baryte and fluorite, locally with 
much smaller amounts of galena, sphalerite and pyrite 
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(Fowler, 1943, 1956; Jones and Hirst, 1972; Hirst and 
Smith, 1974). Although Smith and Francis (\ 967, p.168) 
comment on the presence of both chalcopyrite amI 
malachite at several quarries along the Magnesian 
Limestone escarpment they give no specific sites. 
Moreover, published descriptions of mineralisation within 
the Durham Viagnesian Limestone, together with thi~ 

author's observations, suggest that copper minerals are 
generally extremely rare or absent within this widespread 
baryte-fl uorite dominated mineral isation. The 
mineralisation in the Raisby cutting is distinguished by 
abundant copper, unaccompanied by other metals or 
fluorite or baryte gangue. 

Dunham (J 990, p.98) ha~ suggested that mineralisation 
within the Magnesian Lime~tone may be genetically 
related to the widespread lead-zinc-fluorite-baryte 
mineralisation of the nearby )lorthern Pennine Orefield , 
especially in view of its close association with the 
Lunedale-Butterknowle Fault System, which is known to 
have acted as a main channel for mineralising fluids in the 
main orefield. Hirst and Smith (1974), however, 
con~idcred that the fl uori te mineral isation may be 
unrelated to the Northern Pennine deposits. 

Within the ore depusits uf the Abton Block copper 
minerali sation, typically with major chalcupyrite, is 
characteristic of small deposits near the centre of the 
orefield, which are believed to have fonlled early in the 
minerali sing epi sode from comparatively high­
temperature mineralising fluids, perhaps above emanative 
centres (Dunham, 1990). Elsewhere, small concentrations 
of copper mineralisation are known from peripheral parts 
of both the Alston and Askrigg portions of the Northern 
Pennines. Such deposits include those of the Kirkby 
Stephen and Mallerstang areas of Cumbria and the 
Richmond and \1iddleton Tyas areas of North Yorkshire. 
In most of these the presence of small amounts of galena, 
nuorite, and/or baryte serve to link them with those of the 
main Northern Pennine mineralisation. In a rcviev. of 
these deposits, based in part upon a discussion of Small 
(1978), Dunham and Wilson (191)5) conclude that whereas 
these deposits comprise part of the 1\,)orthern Pennine suite, 
they may be regarded as marginal deposits which 
demunstrate a small recrudescence of copper 
mineralisation, late in the Northern Pennine mineralising 
episode. 

The nature and location of the copper mineralisation 
de~cribed here is consistent with this too being a membcr 
of this suite of small centres of copper mineralisation 
peripheral to the Northern Pennine orefield~. Although the 
Kupfer~chiefer (the counterpart of the rvIarl ~late) i~ 

locally very copper-rich in part~ of eastern Europe, it is not 
known to be notably rich in copper in County Durham and 
seems an unlikely candidate for the source of the copper in 
the Raishy deposits. 

Concentrations of copper mineralisation, hosted within 
limestones of the Upper Permian Cadeby Formation 
(theYorkshire equivalent of the Raisby Formation), were 
formerly worked on a very small scale ncar Farham, r\orth 
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Yorkshire (Marshall, 1826: Sedgwick, I R29; Hunt, 1884). 
Early accounts of these deposits (Marshall, 1826) suggest 
that the copper occured as nodular masses "seldom 
exceeding the size of a potato". Harwood and Smith 
(1986) note that chalcopyrite, bornite, covellite and 
malachite occur here both a~ nodule~ and a~ joint coatings. 
They conclude that the deposits are of epigentic origin and 
draVv attention to their occurrence within the faulted 
Farham Anticline, the axis of which follows the eastern 
continuation of the Craven hult Zone. This major 
structural zone, which forms the southern margin of the 
Askrigg Block, is associated with important 
concentrations of lead, baryte and fluorite mineralisation 
in the Grassington and GreenhoVv districts. In view of the 
marked structural control exhibited by the Farnham 
deposits, these authors suggest that mineralisation may 
have resulted from the tapping of hydrothermal fluids 
from sub-Carboniferous basement , along these major 
structural 7ones. 

Thus there appear to be considerable similarities 
between the copper mineralisation at Raisby and Farham. 
Both are hosted by Upper Permian limestones and are 
characterised by abundant copper minerals with fcw, if 
any, gangue minerab other than a tittle calcite. The~e 

occurrence~ are clearly associated with the major 
structural Lone~ which mark the edge of Carboniferous 
'blocks'. They may represent small distal centres of 
copper mineralisation in the very outer zones of the 
Northern Pennine centres of mineralisation. 
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WAVELLITE AND VARISCITE ON GOWER, SWANSEA, SOUTH WALES 

Stephen P. PLANT 
20 Llwynon Clo,e, Energlyn , Caerphilly. CF83 2QS 

Ian E. JONES 
Sl Anlhony 's House. 21 Ryder SI. . POnlcanna, Cardiff, eFI 9BS 

Wavellite is widelv distributed on the Gower peninsula. It occurs within the upper Carboniferou~ limestone shales and 
siliceous sandston~es of l'iamurian age. Most of the original sites a re no longer accessible, but a recent field survey has 
recovered further good specimens of the mineral. Variscite is also reported for the first time from Wales. 

Il\I'TRODUCTION 

Wa'vellite, AI,(P04)2(OH,F)3.5H20. was first described 
from Bamstaple in Devon (Davy, 1805). The actual 
source was High Down quarry. Filleigh. -10 km ESE of 
Bamstaple. where it occurs in joints in grey to black 
mudstones and cherts of Lower Carboniferous age. Dixon 
and Vaughan (1912) suggested that these beds could be 
related to similar chert and ~hale beds near the base of the 
Namurian on the Gower peninsula. the geology of which 
is shown in Fig. 1. (The peninsula is now within the 
unitary authority of Swansea, but was formerly in the 
county of West Glamorgan). The first reported occurrence 
of wavel lite on Gower wa~ by Logan (lIB7). Wavellite 
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FIGURE I. Geological map of Ihe Gower peninsula. 
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was noted at Cilifor Top. a hill near Lianridian , and was 
also abundant in most of the quarries for 3 km east of 
Ci I ifor to the hamlet of Liethrid. Strahan (1907) refers to 
further wavellite localities between Bishopston and Clyne 
Common (2 km to the NE). and also at the top of the 

limestone quarrie~ on Pwll du Head . 
Wavellite occurrences on Gower are restricted to the 

upper limestone shales of Lower Carboniferous age 
through to siliceous sandstones of the Namurian. This 
group of rocks stretches from WNW to ESE across the 
north of the peninsula. Several outliers of Namurian rocks 
also occur at Port Eynon, Oxwich and Oystermouth. They 
are generally poorl y exposed because of a thick covering 
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of boulder clay. Temporary road sections have , in the pa~t , 

afforded much of the information on the stratigraphy. 
No wavellite-bearing rocks are now exposed in situ. 

All original ~ite~ have long been re-vegetated, although 
abundant ~cree material on the slopes of Cilifor Top and 
the beach deposib at Pwll du still yield wavellite 
specimens. A survey of wavellite localities on Gower has 
been made with the aid of Geological Survey l: 1O,56U 
maps (sheets SS 59 SW, SS 59 SE, and SS 58 , dated 1964). 

LOCALITIES 

BISHOPSTON 
A noticeable feature of the upper limestone shale beds 

formerly exposed at Bishopston (National Grid Reference 
SS 581 895) was that the original dark limestone bands 
interspersed with shale and chert horizon:, had been 
decalcified and locally brecciated and altered to a :,iliceous 
white to yellow clayey material called rotten~tone . The 
most notable exposure of the~e rotten stones, now 
unfortunately no longer accessible, was in a roadside 
cutting on the road from Clyne Common to Bishopston , 
which exposed the uppermost beds of the Carboniferou~ 
lime5tone dipping 50-600 to the NNE. These topmost 
beds had been decalcified and replaced with at least 10 
metres of white to yellow clays followed by more bedded 
clays interspersed with chert and limestone band s. 
Wavellite occurred within the joints of these harder bands 
a characteri stic discs of radiating structure (Trueman. 
1930). 

PWLLDU HEAD 
Rottenstones, similar in appearance to those from the 

Bishopston exposure, have been recorded from pod.ct~ 
within the Ox wich Head limestones at the top of the cliff 
(SS 571 868) above Pwll du quarry. This exposure. no 
longer accessible, was in an eastward-facing bank above 
the main 4uarry workings. Four specimens of wavellite . 
collected at thi:-; locality by Sir Arthur Russell in 1916, are 
in the "fatural History Museum (BM 1921 ,246 and Russell 
Collection): three show sea-green hemispheres of 
wavellite 4-5 mm across, covering areas up to 7 .5 cm 
acros<;, [he fourth shows discs up to 3 cm across of golden 
radiating crystals. (Note that BM 1921,246 bears an 
additional number "46" of unknown origin.) 

Pieces of wavellite of the sea-green variety can be 
found occasionally in the quarry debris at the foot of the 
bank. One such spec imen, collected in 1998, revealed 
small « I mm), colourless to orange-yellow rosette s of 
variscite, AIP04.2H20 lconfirmed by XRD, National 
Museum of Wales X-ll56). This is the first reported 
occurrence of variscite in Wales. 

PWLL DU QUARRY 
Pwll du was an important limestone port in the 

17th-19th centuries. Exports grew ~ignificantly after 
1600 with increasing demand for lime from Devonshire 
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FIGURE 2. Hemisphere and radiating discs of lime-green wavelli te 
up to 2 cm ac ros • with clear quartz on a chen base. Pwll du beach . 
(Coin i> 24 mm diameter). 

farmers . Large quantities of limestone and coal could be 
exported far more cheaply by sea from the coast of south 
Wales to the north Devon coast and , during its heyday, up 
to thirty sailing ~hips could be ~een in the bay at anyone 
time (Jenkins , 1977). 

Pwll uu quarries (SS 574 868) ri se precipitously up to 
100m above the sea, and the slides used to lower limestone 
blocks to the waiting ~hips can still be seen. l :p to 1U0 
quarrymen and women were employed here during the 
prosperous times. They were well catered for, as there are 
records of five public drinking houses in the bay and lower 
valley. Two of these remain today as private houses, the 
Beaufort Arms and the Ship Inn . In days gone by these 
were adequately supplied with illicit liquor by the once 
thriving smuggling trade . 

Smaller rocks from the quarrying operations have 
gathered into a great storm beach at Pwll du hay. Several 
thousand tonnes of well-rounded pebbles of limestone 
make up most of the beach, but occasional pebbles of chert 
and siliceous breccia can be found. The irregular fractured 
rock fragments making up the breccia are ~ometimes 
veined with white or green wavellite. The wavellite 
typically occurs as intergrown discs up to 15 mm across, 
and exceptionally as lime-green di scs and hemispheres up 
to 25 mm across: they are rarely emplaced on a base of 
small , integrown, clear gemmy quartz crystals (rig. 2). 

It is known that some of the pebbles on the heach are 
foreign to the locality. Ballast from incoming ships would 

FIGURE 3. Wavellite-bearing. waterworn. brecciated chen pebble (12 
x 7 cm), Pwil du beach. (Coin is 17 mm diameter). 
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FlGURE~. Golden-yello\\ radiating discs of wavellite (up to I cm 
diameter) on siliceous sandstone. Cilifor Top. 

he dumped before loading the next consignment of 
limestone. The matrix in which the wavellite occurs (Fig. 
3) does not appear to resemble material from the type 
locality at Filleigh near BamstapJe, where a large part of 
the the limestone was traded. U ntil a detailed petrological 
investigation of the pebbles is carril!d out some caution is 
required in assigning all the wavdlite-bearing pebbles to 
the Pwll du area. 

CAE-\10RGAN 
Fossiliferous rottenstone~ bearing wavellite have been 

recorded from a roadside exposure near Cae-Morgan farm 
(SS 506918). The site is no longer exposed. 

CILIFOR TOP 
Cilifor Top (SS 504 926), crowned by the prominent 

earthworks of an Iron Age hilltop settleml!nt, is made up 
of fine-grained sandstones and thinly bedded shales, much 
faulted and di sturbed. Wavellitl! occurs on joint planes as 
typicall y golden-yellow acicular radiating crystalline disc~ 
up to 10 mm in diameter (Fig. 4). 

DISCliSSION 

To the authors' knowledge, no detailed geochemical 
investigation of the upper limestone shale sequence on 
Gower has been carried out. !\Ievertheless , 'We have 
attempted to present a brief outline of the possible mode of 
genesis of wavellite on Gower. 

Wavellite, a basic hydrated aluminium phosphate with 
possible substitution of fluoride for hydroxyl, is usually 
associated with aluminium-rich sedimentary rocks, 
although it can also be found associated with kaolinised 
granite (Wei~s, 1994, p.32). The Namurian chert-shale 
facies on Gower were laid down in shallow seas during 
cycles of advancing and retreating shorelines, which 
provided good conditions for the concentration of organic­
rich sediments . Phosphate, in the form of organic skeletal 
structures, was released to form amorphous carbonate-
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fluorapatite (Lucas and Prevot-Lucas, 1997). This 
sedimentary phosphate was incorporated within shale-rich 
horizons and was ultimately the source of phosphate for 
wavellite. The source of aluminium was the clay mineral 
assemblage associated with the shale bands. The 
interaction of clay minerals with pho~phate ions derived 
from sedimentary phosphate is not fully understood, but 
has an important bearing on the fixation of phosphorus in 
so il s (Low and Black, 1950). During burial diagenesis, 
hydrolytic decomposition of the carbonate-fluorapatite 
would liberatl! phosphate ions into solution, which would 
then initiate the decomposition of the clay minerals. 
Phosphatolysis of the clay minerals under acid conditions 
would result in the formation of aluminium phosphates 
and silica (Nriagu, 1976). This secondary silicification of 
the mineral comtituents is readily apparent in the samples 
of rottenstones collected on Gower. The brecciated nature 
of the rottenstones in the Bishopston area suggests that 
some of the material may be solution-cavity infill within 
the underlying Carboniferous limestone. 

Wavellite is known for its variety of colours, from 
colourless and white to yellow and various shades of 
green. The green wavellite from the famous Dug Hill 
phosphate deposits in Arkansas, USA, has been attributed 
to the presence of vanadium (Foster and Schaller, 1966). 
Further work is necessary to determinl! the trace chemical 
compo~ition of the Gower wavellites. 
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BOOK REVIEWS 

Nesse , WD. , Introduction to Mineralogy. Oxford & New York (Oxford University Press) , 2000. xvi + 422 pp. Pril:e 

£27 .50. ISBN 0-19-510691 - 1. 
This book aims to provide a comprehensive text for teaching mineralogy to undergraduate students in the geosciences, 

and is divided into three parts. The first part concerns crystallography (Bravais lattices , point groups, space groups , Miller 
indices , and crystal forms) and crystal chemi~try (chemical bonding , crystal structures, polymorphism, and crystal 
growth). Part 2 covers mineral properties, study and idl!ntification (physical properties, optical mineralogy, X-ray 
crystallography and the various methods of chemical analysis now available); it ends with a brief di~cussion of strategies 

and tactics to adopt in mineral identification . 

The largest part of of the book (222 pp) is given over to mineral descriptions. cov~ring > I 00 specie~ and following. a 

standard format of a crystal sketch accompanying outline data , then details on structure , composition. form, cleavage. 
twinning , colour, optical characteristics , alteration, distinguishing features. occurrence and, notably, use. The chapter on 

silicates begins with a brief outline of igneous, sedimentary and metamorphic processes before emharking on the major 

silicate groups. The coverage of non-silicates is fairly extensive, particularly for carbonates , oxides and sulphides. 

Some minor criticisms could be made (though not in this very brief review), but there are very few misprints and, 

overall , this is an excellent , well-produced and stimulating work, clearly written and well illustrated . The price is 
atlral:tively lov., but the book ha~ ju~t one serious drawbac k - its 'coffee-table' ~ize: at 28.5 ~ 21.5 - 2.8 cm it is large (a~ 
large and heavy a~ the laptop computer on whil:h thi~ review is being prepared!) . 

Hurlbut , c.J. , Jr. and Sharp, W.E ., Danu'J .'I1inerals and Huw tv Study Them (4th edition ). Chic he~ter & New York (Juhn 

Wiley & Son)' 1998. vii + 328 pp. Pril:e (paperback) D2.50. ISBN 0-471-15677-9. 
Thi:, buok is intended mainly for beginning students and amateur mineralogists. Although, in the interval of almost fifty 

years since the third edition, great strides have heen made: thanks to new, elaborate and sophisticated ins trumental 

techniques , the authors feel that , while the students must indeed be informed of these new techniques and what they can 

accomplish, there remains a place fo r the old, simple, easy-to-make tests. Thus after chapters giving hints on how to 

s tudy minerals , and an introduction to crystal s a nd crystallography, the fundamental properti es of minerals , mineral 

chemistry (including blowpipl! and borax bead tests), and mineral genesis are described. Inuividual de:,cription" of ~ome 
150 mine ral specie:, ( in 150 page~) are followed by dete rminative tables. There are numerou~ photographs and line­
drawing~ a~ wdl a~ eight colour plate~ . An appendix IiSb 100 speL:ie::. which ~huuld be in a mineral collection of a school 
or univ(;r~ity, of which 59 are designated a~ important for ::.omeone ju"t starting mineralugy to have in a collection. 

Cribb. S. and Cribb, 1., Whish on the Rocks Ol'i~il1S of the '].tuter of Lile' . Keyworth. ~()ttingham (British Geological 

Survey: Earthwise Puhlications), 199R, 72 pp. Price £n.50. ISBN 0-!:SS272-290-7. 
In thi s pamphlet we are treated to a ~ome\\ hat whimsical tour round the Highlands and Islands, and reminded that the 

siting of malt whisky distilleries is controlled primarily by the need for a reliable source of pure water. This falls in 
abundance on Scotland, but its geochemistry is then influe nced by its subsequent passage through the peat and underlying 

country rocks. Traditionally it u~ed to be considered that 'soft wate r, through peat, over granite ' gave the best water for 

di tilling, but water percola ting throug h and. tones or schists is also used. We are taken on a I ightning tour of Scotland 
(and Northern Ireland), ranging from the Argyll Is lands (Laphroaig) , the Grampian HighlanJ~ (Speys ide: Glenlivet. 
Gle nfiddich ). the ' Far o rth ' (Glenmorang ie). the 'Deep So uth (Gle ngoy ne) and finally to the ' Wild West' (Talisker). 

The text is illustrated by over 100 uri)!inal water-colours. covering everything from kilted highl anders tll sl:hematic 
cro s-sections through Scotti sh geology, peat cutting and s tacking, Celtic crosses, hand specimens ot Insch gabbro, Hugh 

Miller 's house, an Ailsa Craig curling s tone. and Highland cattle . These illustrations are woven in with the k xt to 

introduce readers to the concepts of faults and fold s, plate t-:ctoni cs, and to both Caledonian and Tertiary igneous activity, 

all the while linking in with the g reat variations in flavour of the whiski~~ di stilled in each di strict. A sketch of the 
Tali ker di s tille ry in Skye is accompanied by a quotation from Dr Johnson describing it a~ "the ~ort of place where a 

hermit might expect to grow old in meditation without tht: probability of di~turbancl' or interruption" . Finally reaJer~ are 
advised that to appreciate fully the flavour of the whisky, the addition of a /illle wakl', ideally from the . arne source as the 

whisky, re leases the aromatic~ a nd increases the perception uf both tas te and smell. 
R.A. Howie 
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GISMONDINE-Ba, A ZEOLITE FROM THE WEATHERING OF SLAGS 
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Richard P.H. LAMB 
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Natural weathering of lead smelting mill s lags in Yorkshire and Derbyshire has produced small, colourless, interpenetrant 
twinned crystals of gismondine-Ba, This is its first natural occurrence though related material is known as a synthetic 
product. The crystals have been characterised by microprobe analyses. X-ray powder diffractometry and infrared 

spectroscopy, and have the formula (Bat.H4Nao.I3CaO,OJ)l:=2AI4Si40t6,nH20, corresponding to the ideal formula 
Ba2AI4Si40t6.nHzO, where n z 4-6. They are monoclinic with a 14.896, b 9.951, c 7.613 A, ~l03.25° . 

INTRODUCTIOI\ 

Among material collected by one of us (R,PH.L.) from the 
dump:, of Marrick Low lead smelting mill, Marrick 
(National Grid Refere nce NZ 079 995), Wha:,hton 
smelting mill , Whashtun (NZ 144 055). and Surrender 
smelting mill, Reeth (NY 990000), all in North Yorkshire; 
and by one of us (J,LW,) from similar lead smelting slags 
in the bed of the River Derwent at Cromford, Derbyshire 
(SK 298 571 ), and derived from Cromford smelting mill, 
are small (up to -U.S mm across), colourless, transparent, 
bipyramidal crystals displaying the curious interpenetrant 
twinning characteristic of gismondine (F ig, I), These 
crystals are associated not with other zeolite~, but with 
barium-containing: thiusulphate~. a sulphite and a 
trisulphide - e.g:. 
BaS20 3,HP, 
BaS20 y BaF2, 

BaS03, 

(Ba,Sr,Ca)S3,Ba(OH)2,2AI(OH),.5H20 - as well as baryte 
and witherite (Braithwaite et al., 1993), 

CHEMISTRY 

The crysta ls di ssolve slowly in dilute hydrochloric acid, 
leaving a gelatinous residue, typical of silicates; addition 
of sulphuric acid gives a milky precipitate, characteriqic 
of the presence of barium, 

Electron microprobe analyses of crystals from C'romford 
(Table I) indicate a composition expected for the barium 
analogue of natural gismondine, with a small proportion of 
sodium and a trace of calcium substututing for barium, 
The analyses Vvere performed using a Cameca Camebax 
electron probe microanalyser fitted with an Oxford 
Instruments (Link) An 10000 energy-dispers ive analyser. 
at an operating voltage of IS kY and a sample current of 3 
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nA. These analyses ~how a lower state of hydration than 
is indicated by infrared spectroscopy, suggesting 
dehydration in the apparatus; the Ba2

+ ion being larger 
than the Ca2

+ ion, dehydration would be expected to be 
easier than in the case of gismondine-Ca. This ease of 
dehydration was confirmed during attempts to get good 
SEM photographs. degassing: causing charge build-up 
which interferes with the electron beam, with the crystal s 
hccoming porous and exfoliating, The neVv phase has the 

formula (Bal.84Nao.13Ca0 03 )L=2AI4Si4016,nHzO, 
corresponding to the ideal formula BazAI4Si4016,nHzO, 
where 11 is probably near 4-6 from infrared evidence (see 
below), To avoid confusion, natural gismondine, which is 
Ca-dominant, is referred to in thi s paper as gismondine-Ca 
(following the recommendations of the International 
Mineralogical Association, Commission on New Minerals 

FIGURE 1. SEM photomicrograph. showing twinned crysta ls of 
gismondine-Ba on s lag . from Marrick Low lead smelting mill . Nonh 
Yorkshire. Sca le bar 0.1 mm, 
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TARI.E T. Analyses of gismondine-Ba. 

2 3 5 
----- -------------- ---- --

Ba 

!\Ia 
Ca 

Al 

Si 

34.1 
OA5 
0.17 

14A 
15.3 

34.3 
0.35 
0.16 

14.5 
15A 

34.2 
OAO 
0.17 

14.5 
15A 

1.84 
0.13 
0.03 
3.97 
4.04 

I. Gismondine-Ba. Cromford. Anal).,is I (weight %). 

2. Gismondine-Ba. Cromford. Analys is 2 (weight %). 
3. Ave rage of analyse I and 2. 

35.75 

14.1 
14.6 

4. Atoms per fonnula unit. (Ba+Na+Ca) = 2.00. TSi = 0.50. 
5. Calculated fur 8a2(Si4AI4016).HzO (weight %). 

and Mineral Names subcommittee on zeolites: Coombs, 

1998), although this is not an approved mineral name. 

The infrared spectrum of the material is clo~ely related 

to that of gismondine-Ca (Table II). Infrared spectra of 

samples were mea~ured in Nujol mulls , between KBr 

plates, u s mg a Philip~ Analytical PU 3600 Fourier 

Transform infrared spectrometer. The s pectra show the 

presenc e of considerable amounts of water in the s tructure 

of the barium zeolite, but somewhat less than in the 

gis m o ndine'-C a (Ca2AI4Si401 6.9H20) from O s a. Rome, 

Italy. Comparison of the relative intensities of the O-H 

stretching and H-O-H 'scissor' bending absorptions with 

those of the strongest silicate absorptions in these spectra 

suggest a formula water content (n above) of about 4-6 in 

the gismondine-Ba studied. 

X-ray diffractometry of a sample from the Cromford 

s lags was carried out at the University of Salford b y Jon 

!\lewton, using a Siemens 5000 X-ray Powder 

Diffractometer (Table III). The results confirm that th~ 

TABLE II. Infrared spectra of gismondine-8a and gismondine-Ca. 

Gismondine-8a. 
Cromford 

RSWB 9 1- 164 

- 3480 sh 
3375 s, br 
3270 sh 
3200 w sh 

1675 sh 
1650 m. f sp 

1091 s. sh 
1045 sh 
980 v" sp 

960 s, sh 
-93:; '" sh 

650 wm 
565 m 
-140 ms, fsp 

Gismondine-Ca, 
Osa, Rome. Ital} 
RSWB 71-IX4 

3395 
-3240 

S, br 
w sh 

l 
I 

J 
1649 ms. fsp } 

-1080 
-1030 

1000 
-980 

956 

w sh 
sh 
vs 
w sh 
sh 

880 sh 

577 ms. f sp 
444 ms. f sp 

Assignment' 

O-H stretch 

Silicate 
vibrations 

'" = weak; m = medium; s = strong: sp = sharp: br = broad: 
sh ~ ,huulder; f = fairly. 
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TABLE III. Powder X-ray diffraclion data for gismondine-Ba and gismondine. 

GBa 
Ifla h k I 

9.934 64. 5 0 I 0 
7.798 47.3 * 
7.254 42.2 200 
6.532 36.4 * 
5.896 43.2 -I I I 

5.1 73 29.~ 

4.983 28.1 
4.673 35'1 
4.500 2\1.') 

4.237 28.9 

3.625 25.9 

3.503 29.7 
3.402 2~.0 

3.382 3.7 
3.322 29g 
3.1 63 100 

3.002 23A 

2.938 48.3 

2.703 23.7 

2.659 91.2 

2.346 17.7 

2.275 16.9 

2.198 19 

2.028 2:17 

I I I 

020 
201 

2 I I 

400 

221 
-4 I I 
030 
-3 I 2 

4()1 

-501 

231 

302 

322 

4 I 2 

-53 I 

7 I 0 

9.84 

7.25 73 

5.1 7 5 
5.02 5 

4.14 9 

3.67 

3.56 

3.29 19 
3.1 8 100 

2.992 27 

2.703 18 

2.40X I X 

2,403 

2.366 

2.150 2 

2.057 3 

10.00 

7.311 

5.94 
5.77 
5.32 

3 

63 

7 
15 
4 

5.00 17 
4.91 52 
4.6g 17 

4,46 10 
4.33 6 
4.27 100 
4.21 51 
4.18 34 
4.05 30 
4.02 6 
3.642 6 
3.606 8 
3.587 5 

3.431 16 
3.383 8 
3.338 47 
3.186 90 
3.132 71 
3.064 4 
3.022 5 
2.993 16 
2.955 I 
2.873 4 
2.825 5 
2.782 II 
2.744 76 
2.714 59 
2.693 78 
2.662 69 
2.658 72 
2.624 17 
2.607 II 
2.567 7 
2.521 IS 
2.402 7 
2.475 8 
2.467 9 
2.458 8 
2.407 13 
2.389 7 
2.340 16 
2.293 4 
2.265 6 
2.242 5 
2.193 IS 
2.167 20 
2.133 8 
2.102 6 
2.080 6 
2.046 10 
2.033 10 
2.011 12 
1.967 8 

--- --------- -----
GB~ = Gi'l1londine 8a, Cromford, indexed. (* = impurity line'). 
G8aSyn = Ba-ex~hanged ,ynthetic gismondine of formula 
8a4(SixAls032). 20.35 H20 (Allen, 1996) 
GIS = Gislllondine. Montalto di Castro, Viterbo, Italy, of fonnula 
Ca3.91(S is.nAI7.77032) .1 7.57Hp (Gonardi and Galli, 1985'1. 
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material studied i5 a barium gismondine, and could be 
indexeu by \1erfyn Jones of C\1IST on a monoclinic unit 
cell with a 14.X96, b 9.951, c 7.613 A, ~ l03.25, volume 
1098.42 A3. The unit cell of a gismondine-Ca with near­
ideal composition is also monoclinic, with a 10.U20, b 
10.637, c 9.832 A, ~ 92.57, volume 1046.87 A3 

(E. 

Passaglia and R. Rinaldi, wrillen communicatiun in 
Gottardi and Galli, 1985). The flex i ble gismondine 
framework is able to accommodate the large size of the 
barium cation, with a di stortion of the unit cell and a small 
increase in its volume (cj. Bauer and Bauer, 1998). The 
extra lines in the rattern of our material are prohahl) due 
to the pn;sence of an impurity but have not been identified: 
the clo~est zeolite pattern is that of brewsterite, a zeolite 
containing strontium and barium as major cations and 
therefore a plausible candidate. 

DISCUSSIO~ 

The source of the barium in the formation of gismondine­
Ba in these lead smelting mill slags is doubtless from 
baryte contamination of the ore smelted, baryte being 
difficult to ~eparate by gravit) from the galena, owing to 
its high density. On smelting, the baryte would be reduced 
to barium sulphide, whose solubility under aci'dic 
conditions gives a ready source of barium ions, which 
under the right conditions could interact with silicate from 
the slag in the water-rich weathering environment to give 
the zeolite. The gismondine framework is easily formed, 
certainly under mild hydrothermal conditions, as is 
evidenced by the commercial production of 'zeolite MAP' 
(gismondine-Na) which is included as a water softener in 
up to 30% of the composition of household detergent 
packs (Adams et al., 1997). Synthetic analogues of the 
other Sa zeolites edingtonite and harmotome can also be 
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made under mild hydrothermal conditions (Barrer, 1982). 
Barium would compete sueeessfully with other available 
s-hlock elements (i.e. those of Groups I and II of the 
periodic table) in the environment, as it is the preferred ion 
among these for exchange into the gismondine structure. 
This is illustrated by the facile and complete exchange of 
the sodium cation by the barium cation in 'zeolite MAP' 
(Allen, 1996). 
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RAMSBECKITE WITH SCHL'LENBERGITE FROM CORNWALL 
AND CUMBRIA, E~GLA~D 

David I. GREEN 
Manchesrer \1us~um, The I 'nivers iry, Manchesrer, M 13 9PL 

John BETTERTON 
21 Linkway. Edgcumbe Park. Crowrhome. Berkshire. RG II 6ES 

Richard BELL 
37 Glenmarsh Way. I·ormby. Liv~rpool. L37 8DX 

Tim NEALL 
Greenside. Kirkbridge. Cumbria. CAS 5JH 

Ramsbeckire , (Cu ,Zn) IS(S04)4(OH)22'6H 20, is a rare 
mineral which is typically found in the mineral 
assemblages that form when mixed copper, zinc and iron 
sulphides oxidise in mine spoil. It was first described as 
equant, bright green crystals up to 2 mm long from the 
Bastenberg mine near Ramsbeck, and four other localities 
in Germany (Hodenberg et ai., 1985). The first British 
occ urrences were in the dumps of Waterbank mine, 
Staffordshire; Dylife mine , Powys; and Brynarian mine, 
Ceredigion (Rust, 1992). Ramsbeckite was vi sually 
identified from Nantycagl mine, Ceredigion (1.S. Mason, 
pers()nal c()mmunicati()/1 in Bevins, 1994). and Y strad 
[inion mine, Ceredigion (\1a50n and Rust, 1997), on the 
basis of its characteristic pseudo-orthorhombic diamond­
shaped crystal habit. It occurs in similar emerald-green 
pseudo-orthorhombic crystah at Frongoch mine, 
Ceredigion (Green et LlI., 1996), and as exceptionally largt' 
crystal~ (up to 3 mm in size) at Penrhiw mine, Ceredigion 
(\1a50n and Green, 1995). 

Schulenbergite, (Zn.Cu);(SOj.CO,h(OH)IO' IS 

somewhat more widesrread than ramsbeckite. It occurs 
with ramsbeckite at all the localities mentioned above, 
typically as sub-millimt:tre sized groups of hluish to green 
foliated hexagonal crystals. It has also been recorded on 
specimens collected from the level walls in Smallcleugh 
mine and Nentsberry Haggs mine, Cumbria (e.g. Bridges 
and Young, 1998). 

Ramsbeckite was recently identified by X-ray 
diffractometry at the university of Manchester (X-ray no . 
M ANCH:XRD5H5) on a single spec imen from Prince of 
Wales mine, Calstock, Cornwall (National Grid Reference 
SX 40 I 705). It occurs as flattened, emerald-green, 
pseudo-orthorhombic crystals up to 0.5 mm long, in 
cavities in partly oxidised sphalerite. Abundant greenish 
blue, feathery aggregates (0.2-0.3 mm) of schuknbergite 
are present on the same specilllen (identified by XRD at 
the "<atural History \1useum, London, no. 8198F). It was 
on the basis of this identification that Ryback and Tandy 
(1992) first reported schulenbergite from Cornwall. 
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Ramsbeckite and schulenbergitL: have also been found at 
Driggith mine, Caldbeck Fells, Cumbria (NY 327 353), 
where they occur in thin carbonate-bearing veinlets in 
oxic;lised sphalerite. Ramsbeckite fornls typical emerald­
green, pseudo-orthorhombic crystals up to 0.4 mm in size 
(MANCH:XRD600). These are associated with crudely 
hexagonal , foliated aggregates of schulenbergite up to 0.3 
mm across (MANCH:XRD601 ), subhedral blue grains of 
posnjakite (MANCH:XRD602), serpierite, and linarite. A 
similar supergene assemblage, comprising ramsbeckite 
crystal s up to 2 mm long (MANCH:XRD611 ) with 
schulenbergite and langite (C.M. Leppington , pers()nal 
communication: identified by XRD), is present on a fe w 
specimem from the dump~ of Sandbed (lead) mine (NY 
330 359). Since the two mines worked the same vein and 
were connected unuerground it is not surprising that 
similar post-mining mineral assemblages developed on the 
dumps. 

Ramsbeckitt: and schulenbergite are probahly ephemeral 
minerals . At the localities described above, the y 
crystallised as a result of the post-mining oxidation of 
mine spoil, an environment that is far from chemical 
equilibrium. ,\t Driggith mine, both minerals were found 
in thin carbonate-rich veinlets, crystallising in the open 
spaces left when carbonates were leached by acid 
Pb-Cu- Zn-bearing solutions. This environment is very 
similar to that noted at Penrhiw mine by Mason and Green 
( 1995). The thin spaces resulting from the di ssolution of 
carbonate mineral s by acid Cu-Zn-rich solutions seem 
particularly favourable to their formation. The association 
of ramsbeckitc and schulenbergite with the iangite group 
minerals posnjakite and langite is noteworthy. These 
minerals are closely associated at Driggith mine. Sandbed 
mine, and a number of localitie~ in mid-Wales. Very 
similar conditiom are clearly required for their formation. 

A small suite of specimens from the localities in the 
Caldheck Fells is preserved in the \1anehester \1useum 
collection. 
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MILLERITE A~D ASSOCIATED MINERALS 
FROM BRIXHA"', DEVON, ENGLAND 

Richard S.w. BRAITHWAITE 

Chemistry Depanment. University of Manchester Institute of Science and Technology, Manchester, M60 I QD 

1. Ike W[LSOl'i 
23 Belle Vue Terrace. Sandbach, Cheshire. CW II ONR 

The beautiful golden needles of millerite are well known 
as a British mineral , having been found at a considerable 
number of localites, under a wide range of geological 
conditions. The best-known localities, where the mineral 
is most common, are in various coalfields, especially that 
of South Wales, where it is found relatively commonly in 
the shrinkage cracks in ~eptarian nodules in the ironstone 
bands above certain coal-seams (see e.g. North and 
Howarth, 1928). In other environments it tends to be less 
common, and is usually of sparse occurrence, e.g. 
associated with the Pennine medium-temperature 
hydrothermal mineralisation, as In Weardale, III 

Derbyshire and at Ecton, Staffordshire. 
In south-west England it is known from various mines, 

as sociated with the well-known metalliferous 
mineralisation, and also from a fev> localitit.::, away from 
the mined area, such as at Gerrans Bay, Cornwall, where 
thret.: ~pecimens were collected from one cavity, lined with 
pink calcite, in a vein in black Silurian schist (Collins, 
1878). Its occurrence in Devon is similar, on quartL at 
Brookwood mine (M.G.H. \1erry. penunal 
communication) and at Comhe Martin mines (Greg and 
Lettsom, 1858; Hall, li\68; Collins, 1871 ; Dines, 1956), 
and also from " near Ilfracombe"', from where hematite and 
aragonite in Devonian slate and limestone are also 
reported (Greg and Lettsom, 1 X5X; Hall, 186t\; Collins, 
1871). It is not clear whether this last locality is away 
from the mines, or is at tht: Combe \1artin mines, which 
these authors describe as at Ilfracombe. 

At Brixham, millerite is found in quartz bedding-plane 
pods in a blat.:kish Middle Devonian (t.: 2

) shale 
outcropping on the beach in St \1ary's Bay, at ~ational 
Grid Reference SX 932 550. The only reponed 
mineralisation in the vicinity is of hematite-goethite 
deposits in the adjacent limestones, worked from a 
number of small mines in the 19th century (Collins, 1871; 
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listed in Brooke, 1975). The quartz pods are up to about 
20 cm thick, and may extend nearly horizontally for 
several metres. They consist largely of milky quartz, with 
occasional small cavities into which clear quartz crystals 
up to I cm long may project. 

The millerite crystals can be spectacular, are 
sometimes over I cm long, and vary considerably in 
thickness. They are sometimes fresh and bright golden, 
sometimes tarnished, and sometimes altered partly or 
completely into pseudomorphs of a translucent green 
mixture of variable composition (Gandolfi XRD by T.M. 
Seward; also infrared spectroscopy). The millerite crystals 
are found in fracture planes, and projecting into the 
cavltIe~. Associated with them are other sulphides, 
commonly pyrite cubes, often oxidised to limonite. 
Chalcopyrite is much kss common, filling parts of some 
thin fractures, and occasionally forming small crystals; 
traces of galena are al so found. Sphalerite occurs 
sporadically as a late-generation mineral, in very pale 
brown, almost colourless , translucent to transparent 
tetrahedra. often twinned or otherwise modified, varying 
from microscopic to nearly 3 mm across; it also occurs in 
small rounded masses. EDAX analyses show that this 
sphalerite is zinc sulphide of unusually high purity, despite 
the iron-rich environment with associated pyrite, e tc. 

Other common associated minerals include s iderite of 
several generations, in small pale to mid-brown 
rhombohedra; earlier generation crystals tend to be more 
oxidised and of more platy habit, tho~e of later generation 
are smaller, and can be nearly colourless . A few late­
generation rhombohedra of s iderite were found containing 
hematite inclusions, giving a superficial resemblance to 
rhodochrosite. Some pin]... calcite vein lets may also be 
mistaken for rhodochrosite. A white. shiny, talc-li]...e 
material common in fractures and cavities proved to be 
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muscovite; in the vlClntty of millerite thi s is sometimes 
pale green. Veinleb and irregular masses of palygorskite­
like material in and around the quartz pods also proved to 
be muscovite. Bunches and crusts of small colourless 
needles of aragonite coat some surfaces. particularly those 
of oxidised siderite. Oxidation of the chalcopyrite has 
produced sparse tiny spherules of malachite. 
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ROSIAITE FROM BWLCH MINE, DEGANWY, CONWY, WALES 

George RYBACK and John G. FRANCIS 
Depanmenr ot Mineralogy, The Natural History Museum. Cromwell Rd. London. SW7 5BD 

Bwlch mine (National Grid Reference SH 787 794) is a 
small, isolated and 10ng-abandoneJ antimony mine near 
Oeg.anwy, 3 km south of Liandudno, form erly in 
Caernarvonshire, north Wales (Russell , 1944). Antimony 
minerals occur here with quartz in patches and veinlets in 
an Ordovician nodular ignimbrite. Stibnite, semseyite, 
zinkenite , plagionite, jamesonite, robinsonite(?), 
boulangerite (?), sphalerite, galena, pyrite, and marcasite 
have been recorded, with ~mal1 amounts of secondary 
bindheimite, stibiconite(?) , anglesite, and red coatings 
dubiously called kermesite (Russell , 1944; Bevins et al ., 
1988; Bevins, 1994). The mention of stibnite from 
"Castell Diganwy, near Conway" by Smyth et al. (1 864) 
no doubt refers to the Bwlch mine. 

A loose spec imen of mineralised ignimbrite collected 
(by G.R.) in 1955 close to the open shaft revealed, on 
breaking up, a cavity several mm acros~ lined with a very 
thin, light orange-brown crust coating stibnite and buff-

FIGURE I. Sf: \1 photograph of rosiaite from Bwlch mine. Scale bar i, 50 )J m. 
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coloured cellular bindheimite. The surface of the crust 
shows stacked rounded platelets <50 ~m across (Fig. 1). 
An' IR spectrum taken in 1985 and an X-ray powder 
patlan in 1989 could not be matched to available 
standards, but the crust has now been identified as rosiaite. 
PbSb20 6, a new species recently describeJ from the 
Cetine mine, Tuscany, Italy (Basso et al., 1996). The X­
ra) pattern matches the published data for rosiaite, and the 
identity was confirmed by comparison of the X-ray pattern 
and IR spectrum with those of a specimen of rosiaite from 
the Tafone mine, Tuscany (a second locality mentioned by 
Basso et al., 1996). Both X-ray and IR showed the 
presence of some bindheimite in the Bwlch mine sample. 

This appears to be the first occurrence of rosiaite in the 
British Isles. The specimen is deposited in The Natural 
History Museum , registered as BM 1998.97. On our 
reference specimen from Tafone mine, rosiaite occurs as 
tiny crystals, with tripuhyite, valentinite and bindheimite, 
in cavities of a slag composed of greyish polycrystalline ~­
Sb?04' ,\Ithough the matrix of the orig inal rosiaite from 
Cetine mine (Basso et al., 1996) is not de~cribed, the 
mineral there is presumably of natural origin, as is 
certainly that at Bwlch mine. 
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NATROLITE FROM CALTON HILL, DERBYSHIRE, ENGLAND 

Alan DYER and Oneta M. WILSON 
Departmenr of Chemisrry and Applied Chemisrry, University of Salford, Salford, M5 .. WT 

Brian YOUNG 
Briri,h Geological Survey, Murchison House, Wesr Mains Road , Edinburgh, EH9 3LA 

The Carboniferous succession of Derbyshire includes a 
number of volcanic and intrusive rocks of basaltic 
composition, which w~re commonly referred to by the 
Peak District miners as 'toadstones', Descriptions of their 
form, petrography and distribution include works by 
Bemrose (1907), Garnett (1923), Tomkeieff (1926, 1928), 
Wilcockson (1932), Varvill (1937), Traill (1940), Shirley 
(1948, 1958), Smith et aI, (1967), Walters and T neson 
(1981 ), and MacDonald et at. (1984), The main minerals 
found within these rocks have recently been reviewed 
briefly by Ford ('( at. (1993), 

The presence of undetermined zeolite group minerals 
within the Derbyshire 'toadstones', though without 
reference to specific localities, was noted by Farey (1811), 
and Tomkeieff 11926) suggested that a white fibrous 
mineral found within the Miller's Dale lavas may be 
"some variety of zeolite", Wilkinson (1967) al so made 
reference to unspecified zeolites in the Lower Miller\ 
Dale Lavas at Wormhill, and in the Cave Dale Lavas in 
Cave Dale, Adam (1846) commented on the presence of 
an unspecified zeolite in association with wad at Elton, 
though in the shale, rather than the 'toadstones', 

Reported here is the presence of natrolite filling 
vesicles within the analcime-basalt at Calton Hill quarry 
(National Grid Reference SK 118712), near Buxton, The 
mineral occurs as white to pale salmon-pink, compact, 
radiating, fibrous, crystalline masses completely filling 
ovoid vesicles up to 10 mm across , Apart from very small 
amounts of an undetermined chlorite intergrown with the 
natrolite crystals near the centre of a few vesicles, no other 
mineral has been observed in these vesicles, Identification 
of the natrolite was by X-ray diffraction using a Phillips 
PW 171 0 coupled to a Microvax ~ 100 and employing the 
Zeolitc File written b) Dr CD. Williams of 
Wolverhampton University. Differential thermo­
gravimetry, using a Mettler TGSO with the heating rate at 
lOe C/min. revealed the characteristic peak showing water 
loss at 330"C which is unique to natrolite (Gottardi and 
Galli. 1985). 

Calton Hill is a disused roadstone quarry which 
formerly worked analcime-basalt from a vent intrusion of 
Lowcr Carboniferous age. The intrusion has been 
described by Bemrose (1910) and Tomkeieff (1928). 
Major rock types within this intrusion include 
agglomerates and tuffs, highly altered vesicular olivine­
basalts, and analcime-basalt, for which the quarry was 
worked. These latter rocks, which clearly intrude the 
earlier volcanic rocks at Calton Hill, have long attracted 
interest for the occurrence within them of lherzolite and 
harzburgite nodule~ of upper mantle origin (Bemrose , 
1910; Hamad, 1963; Donaldson, 1978). The presence of 
natrolite-filled vesicles has not hitherto been reported. 
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~ILARITE FROM SHAP GRA~ITE QUARRY, CUMBRIA, ENGLAND, 
WITH A DISCUSSIOl\ OF MILARITE OCCL"RRENCES 

IN COR~WALL AND DEVON 

Max M. WIRTH 
5 Ferney Green Dri ve. Windermere. Cumbria. LA23 3HS 

David 1. GREE~ 
Manchester Mu. eum . The Uni ve rsity. Manchester. M 13 9PI. 

George RYBACK 
D~pal1mel1! of Mineralogy. The Natural History Mu eum. Cromwell Road. Luncion. SW7 5BD 

Milarite. (K.Na)Ca2AlBezSilz030.HzO. an uncommon 
mineral that typically crystallises at ~ late stage in 
miarolitic cavities in gr;Jnitic rocks and pegmatites , and in 
alpine-type veins , has recently be~n identified on 
specim.:ns colkct.:d at the Shap granite ljuarry, Shap, 
Cumbria I \lational Grid Referenct: I\JY 558 084). It occur~ 
a, coloude ... ", transparent, pri matic crystals up to 2 mm 
long in miarolitic cavities in coarse porphyritic adamellite. 
The crystals display prism faces (1000}, wtlich are 
commonly modified by the pyramid (lOll) and 
terminated by a prominent pinacoid (000 I ). They 
typically occur on feldspar, and are associated with 
fluorite . titanite, pyrite, anatase and biotite. In some cases 
they were enclosed in later carbonate. which was removed 
to reveal milarite using dilute hydrochloric acid. Milarite 
was identified by X-ray powder uiffractometry at 
Manche,ter liniver~ity ('\10. MA'\,CH:XRD586). 

\IIilaritt: is the second beryllium mineral to be reporh:d 
from Shap granite quarry. Bavenite, a b.:ryllium species, 
'A ith a similar composition to that of milarih:, 'A<;J~ 

recorded b) Wirth (IY95) as colourless platy cry~tals. 

More recentl), bertrandite has been identified by XRD a~ 
subhedral platy crystals . Incompatible elements such as 
beryllium l~nd to bl' concentrat~d into the final stag~~ of 
crystallisation of granitic magma~. Thi~ may explain the 
pre. e nce of the beryllium minerals in the late ·"tage 
miarolitic cavit), as~emblage at Shap. A more detaileu 
review of the cavity minerali sation is in preparation. 

A.W.G. Kingshury claimed to have found milarite at 
Cheesewring quarry, Linkinhorne, Cornwall , and at the 
Old Aplite quarry, Meldon, Devon (Embrey, I <}78; 
Kingsbury. 1964, p.249) . In view of the discreditation of 
many rare or unusual Briti . h mine rals supposedly 
collected by Kingsbury (Rybad. el 01., 1998, 200 I) , these 
occurrences have been re-investigated. 

The Cheesewring ljuarry occurrence is rt:presented by 
>40 small (0.8-8 mm long), detached, colourless 
transparent prisms, labelled as collected in 195 I -52 from 
small clay-filled vugs in a vein of tourmalinised granite at 
the top of the NE centre of the quarry. Sev\.:n crystal, had 
been donated to The \latural History Museum, London 
(BM 1958,80) and the rest were located in Kingsbury's 
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private collection, now also in the NHM. There are 
sp\.:cimens of the tourmalini sed granite in his collection, 
but none with milari!\.: on matrix . It is difficult to make 
judgem~nts on matrix -free specimens but, in habit and 
gL'naal appearance, the crystals are very similar to tho e 
from the type: locality at Val Giuf or Giuv. Tavetschtal , 
.switzerland. Val Giuf milarite is commonly found in old 
cotlections, often as detached single crystals. 
Furthermore, no specimens of milarite other than 
Kingsbury 's are known to us from Cheesewring quarry, in 
spite of ex tensive collecting having taken place there for 
over 50 years. This claimed occurrence is therefore 
regarded as suspect. 

There is only one specimen (BM 1965,81 , broken into 
, everal pieces) of Kingsbury 's milarite from the Meldon 
Old aplite 4uarry. supposedly colle:cteu in 1959. It shows 
clear. colourless, thin prisms up to :1mm long, lying flat on 
the surface of snow-white. fine-grained aplite with 
abundant minute cavitiL'~; the milarite is easily overlooked 
on cursory inspection. Although macroscopically and in 
thin section the matrix appear~ to b\.: distinctly different 
from the typical fine-grained aplit\.: from Meldon. there i~ 
insuffici\.:nt e\ idence to adjudg\.: th~ provenance of this 
speci men. 

Milarite that differ~ from Kingsbury 's ha:" however. 
been collected from the Old aplite Ljuarry in the early 
1970s by Mr Peter Edwards, who kindly brought in his 
specimen r~cently for examination: it had been identified 
by XRD at the NHM in 1990 (X-ray no. 7970F). The 
milarite form~ white , opaqu\.:. somewhat rough prisms, 
mosly -2 mm long but some reaching 12 mm, which 
accompany :,mall albite crystab on a joint in off-white. 
fine-grained aplite. clo e to its contact with dark country­
rock . There i~ ~ome li ght iron-staining and , on the back of 
tht: ~pecimen. prominent specks of dark-violet fluorite. 

Other beryllium minerals (bavenite, beryl , beryllonite 
and herderite) are known to occur in the Old aplite quarry 
(Dearman and CJaringbu II, 1960; von Knorring and 
Condliffe, lQ84), but those reported only by Kingsbury 
(chrysoberyl, \.:udidymite and rhodizite) (Embrey, 197tS; 
Kingsbury, I Y64, p.249) will , like hi~ milarite, require re ­
examination. 
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RASPITE FROM CARROCK MINE, CALDBECK FELLS, CUMBRIA, ENGLAND: 
A FIRST BRITISH OCCURRE;\ICE 

Tim NEALL 
Greenside , Kirkbride . Cumbria . CAS SJH 

David I. GREEN 
Manchester Museum, The University. Manche,rer. VI I 3 9PL 

Raspite. the monuclinic polymorph of PbW04, has been 
reported from only a very few localities worldwide. The 
type locality is at Broken Hill, New South Wales, 
Australia, where raspite is found with stolzite in 
manganiferous gossan. It also occurs at Cerro Estai'io, 
near Guanajuato, Mexico, in tin-bearing veins, and near 
Sumidoura, Minas Gerais, Brazil, in gold-bearing placers. 

While examining quartz veinstone samples collected at 
Carrock minI;! , Caldbeck I'ells, Cumbria, one of u~ (T.l\[.) 
noticed a few small, lustrous, ye llow, prismatic crystals, 
with an apparently monoclinic habit , associated with 
similarly coloured bipyramidal stolzite. The largest of 
these, a pale yellow prism about 0.3 mm long. with a few 
attached stolzite crystals up to about 0.:2 mm in size, was 
detached and examined by SEM EDAX. Lead and 
tungsten wl;!re the onl) elements detected with atomic 
number> 10. The monoclinic crystal was removed from 
the SEM stub, ground to a fin~ powd~r, and appli~d a~ a 
thin film tu a glass slide. Its XRD pattern was recorded 
using a Phillips diffractometer at the University of 
Manchester (X-ray no. MANCH:XRD581). Comparisons 
with stolzite and raspite powder diffraction patterns. using 
standard pattern matching software. showed the mineral to 
be raspite. 

Stolzite, the tetragonal polymorph of PbWOp has been 
recorded at a number of localities in the British Isles (see 
Green et al., 1996, and reference~ therein), but this appears 
to be the first report of raspite. In common with stolLite, 
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it seems to have formed by supergene oxidation of lead­
and tungsten-bearing minerals. The source of the 
tungstate was undoubtedly the slightly altered scheelite on 
which the raspite crystallised. The source of the lead is 
less obvious. Several small lead- and zinc-bearing ve ins 
cut the tungsten veins at Carrock mine, and stolzite has 
be~n found in these and in the nearby lead veins in Poddy 
Gill and Brandy Gill (Cooper and Stanley, 1990). There is 
abo a minor late-stage assl!mblagl! comprising primary 
pyrite, galena and sphakrite present in the tungsten­
bearing quartz veins themselves. Supergene oxidation of 
either of these assemblages could have produced the lead­
bearing solutions required for raspite and stolzite to form. 

Stolzite is relatively widespread in the tungsten­
bearing veins, where it is commonly found on oxidised 
scheelite, as reported by Cooper and Stanley (1990) and 
also described above. Since stolzite and raspite are similar 
in colour to scheelite, they are easily overlooked. Further 
detailed examination of thi s assemblage would be useful, 
especially since the only well-formed crystal collected was 
destroyed during analysis. 

RFFERF.'<CES 

Cooper. VI.P. and Stanley. CJ. I 199UJ. Minera/.I "t Ihl' EI/glish Lake 
Dim'I,'I: Culdh"ck 1,/1.1. l\alural Hislof) Vlu,~um Publicalions, 
London. 

Green. D.I.. Hubbard. 1\. and Jewson. C. (1996). Stolzite from two 
Comi,h loc-ediries. UK JOllrnal of.l1illes eli .l1inerals. No. 16.14. 

91 



Journal of the Russell Society, 7(2), 92- 93 (200 1). 

PARASYMPLESITE, A MINERAL NEW TO BRITAIN, FROM WET SWINE GILL, 
CALDBECK FELLS, CUMBRIA, ENGLAND 

Tim NEALL 
G rccnside. Kirkbride, Cumbria, C.\5 5JH 

David l. GRIT~ 
Manchester Museum, The Uni ers ity, Manchester, M 13 YPL 

INTRODUCTION 
The quartz- antimony vein mineralisation exposed in Wet 
Swine Gill, Caldbeck Fells, Cumbria, was first described 
by Fortey ef af. (1984) . The primary ore minerals 
comprise an ~arly Sb-As-Fe assemblage (mainly stibnite 
and berthierite, with lesser arsenopyrite, sphalerite. 
jamesonite and traces of antimony) and a later Sb-Pb 
assemblage (zinkenite with lesser fuloppite and 
semseyite). In addition to these, a small number of 
supergene minerals have been reported. Rindheimite, 
stibiconite, senarmontite and sulphur were identified b) 
Fortey ef al. (1984), and the rare mineral claudetite was 
recently reported by Leppington and Green (l99~). 

EXPERIMENTAL 
As part of an investigation of the mineralisation at Wet 
Swine Gill, a small amount of ljuartz winstone which had 
been collected from the vein outcrop at ~ational Grid 
Reference NY 3144 3215 was examined. Samples were 
taken for qualitative probe analysis by SEM EDAX. If the 
result was interesting, further material was hand-picked 
with a needk, finely ground, and applied in solv..:nt 
suspension to a glass slide. The thin, uniform film so 
produced was mounted in an X-ray diffractometer (CuKa 
radiation, 40 kV 20 rnA) and its ditTraction pattern was 
recorded from 5° to 50° in 28. 

MJ"IERALOGY 
The primary mineralogy of the specimens examined 
during this study was similar to that described b) previous 
workers. However, in some or our specimens arsenopyrite 
was more abundant, locally often forming almost pure 
quartz -arsenopyrite selvages to the vein. The only 
material we could find with a fLiloppite-type XRD pattern 
comprised rare, dark red, resinous to submetallic, equant, 
subhedral to euhedral crystals associated with stibnite. 
Thi~ phase is clearly different from the fUloppite 
previously reported from this and other localities 
worldwide. and requires further detailed investigation 
before it can be identified with certaint). 

The supergene assemblage at Wet Swine Gill is 
considerabl y more complex than previously described. 
Scorodite, phanllacosidcrite and beudantit~ are commonly 
present as small patches in iron oxide crusts that till joints 
in the quartL. Cavities in the stibnite-rich quartL veinstone 
contain well-crystallised valentinite, barium 
pharmacosiderite, and an as yet unidenti tied iron antimony 
arsenic oxide. as well as bindheimite. stibiconite, 
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senarmontite, sulphur, and claudetite. In addition, the rare 
mineral parasymplesite was collected from one large block 
of arsenopyrite-rich veinstone. 

Parasymplesite occurs as pale to dark blue or green 
monoclinic crystals, forming radiating aggregates up to 2 
mm across. The largest crystals show a distinct yellow to 
blue pleochroism. It is also found as radiating rosettes up 
to 3 mm across of green fibres, on fracture surfaces in 
quartz. Both crystal habits were identified by X-ray 
diffractometry lnos. MANCH:XRD534 and 536). Since 
vivianite group minerals exhibit extensive substitution, but 
are similar structurally, the composition was investigated 
by S EM EDAX. This showed that iron and arsenic were 
the only elements present with atomic number > 10. The 
oxidation state of the iron was shown to be Fe2

+ by wet 
chemistry, differentiating parasymplesite from the poorly 
defined mineral ferri symplesite (Gaines ef aI., 1997). 

DISCUSSION 
Parasymrlesite, Fe

2
+ i As04)2.8H20, is a member of the 

\ivianite group of minerals. These are monoclinic or 
triclinic phosphal\:s and arsenat..:s with general formula 
A3(X04)2.8H20, where A is normally a divalent transition 
metal cation, and X is P or As.. Parasymplesite was first 
described from Kiura, Japan (lto et al., 1954) and has 
subsequently been reported from the supergene zones of 
arsenic-rich orebodies at a few other localities worldwide 
(e.g. Gaines ef al., 1997). It is the arsenate analogue of 
\ ivianite, which it closely resemhles, and is dimorphous 
with symplesit..:. 

Whereas symplesite has been recorded at a number of 
localities in Britain, including several in the Lake District 
(Thomson, 1997; Young ef aI., 1992; Young, 1987), thi~ i~ 
the first British record of parasymplesite, although the 
mineral was recently reported from the dumps of 
Muckross mine, Co. Kerry, Ireland (Moreton et aI., 1999). 

At Wet Swine Gill , parasymplesite is almost always 
associated with residual arsenopyrite. The area from 
which the specimens were collected was saturated with 
groundwater at all times, and parasymplesite was found 
only in those parts of the exposure below the water line, 
while scorodite and pharmacosiderite dominated in the 
drier areas. It seems likely that the constant saturation 
coupled with arsenopyrite oxidation allowed mildly 
anoxic conditions to develop in cracks in the vein, 
reducing the Eh to the point where krrous arsenate 
(parasymplesik) rather than thl:: more usual ferric 
arsenates (scorodite or pharmacosiderite) is stable. The 

Journal of rhe Russell Society (20()1) 



occasional occurrence of small sprays of parasymplesite 
on corroded stibnite suggests that this mineral might also 
act as a focus for reduction. 

[he parasymplesite-bearing matrix also contains 
abundant claudetite and it is likel) that this mineral also 
owes its existence to localised reduction. Arsenate(V) 
(arsenate) anions are soluble in acid solution provided 
there is a suitably low concentration of cations that would 
otherwise precipitate them. The more reduced 
arsenate(IIl) (arsenite) anions, on the other hand. 
decompose to relatively insol uble arsenic(1 IT) oxides 
(claudetite or arsenolite) in acid solution. A low pH and 
the absence of interfering cations such as Fe2

' appear to be 
the requirements for claudetite to fonn. This may explain 
why claudetite is found in the same matrix as 
parasymplesite but is associated with residual stibnite 
rather than arsenopyrite, and does not occur in Jired 
association with parasymplesite. 

l oumal of the Russell Society. 7(2 ), 93 (2001). 

REFERENCES 
Forte). N.J., Ingham. J.D .. Skilton. B.R.H .. Young. B. and Shepherd. T.J. 

(1984). Antimony mineralisation at Wet Swine Gi ll. Caldbeck Fells. 
Cumbria. Proceedings of the Yorkshire Geological Society, 45, 
59-65 . 

(iaine. , R. V .. Skinner, H.C. W" Foord , E.E., Mason, 13. and Rosenzweig, 
A. ( 1997). Dana 's New k fineralogy, 8th edn. John Wiley and Sons. 

fto. T. , MinalO, H. and Sakurai, K. (1 954). Parasymplesite, a new 
mineral polymorphous with symplesite. Proceeding" of the Japan 
Academy, 30, 318- 324. 

Lcppington , C.M. and Green , 0.1. ( 1998). Antimonian c1audetite from 
Wet Swi ne Gill, Caldbeck Fells, Cumbria. England. Journalo/the 
Russell Society. 7, 36--37. 

Moreton, S .. Davidson. P., Green, 0.1. and Ryback, G. (1999). Unusua l 
supergene mineral s from Muckross Mine, Co. Kerry. Irish Journal 
0/ Earth Sciences. 17. 19- 24. 

Thomson, . (1997). Symplesite from Sandbeds Gill Mine. Cumbria. 
UK Journal o/Mines & Minerals , No. 18, 10. 

Young, B.. Hyslop. E. and Millward, D. (1992). Barium-
pharmaco ideri te and symplesite from Caldbeck Fe ll s, Cumbria. 
Journal of the Russell Society, 4, 64-66. 

Young. 13. ( 1987). Gloss{//J' 0/ the Minerals af the Luke District and 
Adj Oining Areas. Rriti sh Geological Survey. 

VESIGNIEITE FRO:\1 CASTLETOWN MI~E, LOCHGILPHEAD, ARGYLL A~D Bl'TE, A 
FIRST SCOTTISH OCCeRRE~CE 

Neil HUBBARD 
30 Thirimere Road , Barrow-upon-Soar. Le ice tershire. LE 12 8QQ 

David I. GREEN 
Mancheste r Museum. The University. Manchester. M 13 9PL 

Vesignieite, BaCu3(VO 4)2(OH)2 ' is an uncommon 
mineral that is occasionally found in the supergene ?Ones 
of copper-rich orebodies. It was first recorded in Britain 
at C\.:whurst quarry, Leicestershire, as rosettes of thin, 
tabular, yellow-green crystals (King and Wilson, 1\)76). 
Similar greenish crystal aggregates have ~ince been 
identified from Bardon Hill quarry and New Cliffe Hill 
quarry, al so in Leicestershire (identified by XRD at 
Manchester Museum). 

Castletown mine is a small abandoned copper mine 
that was developed in a roughly SW -NE trending orebody 
near Loch Gilp, about 3.5 km SSt-: of Lochgilphead, 
Argy II and Bute. The principal working~ are several 
hundred metres inland and a copper-rich portion of the 
oreboJy crops out un the lochside at :-.lational Grid 
Reference ~R 8740 R465. 

A suite of supergene minerals including hotallackite, 
clinoatacamite, and connellite, together with the 
uncommon copper sulphide ani lite, were recorded at this 
localit) by Starkey and Hubbard (1998). While 
examining further specimens collected from the lochside 
exposure, one of us (N.H .) noted a few unusual yellow­
green spherules in quartz-sulphide veinstone typical of 
the deposit. Analysis by SEM EDAX showed Ba, Cu and 
V to be the only elements present with atomic number 
> 10, and an X-ray powder pattern obtained from thi~ 

material, although faint, showed it to be vesignieite (X-ray 
no. MANCH:XRD578). 
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Vesignieite occurs rarely in narrow fractures in quartz 
as minute, thin, yellow to yellow-green crystals fonning 
radiatin? aggregates that are mostly <0.3 mm across. It is 
typically associated with malachite, on which it is locally 
crystallised, and with connellitc. Clinoatacamite, dickite 
and hematite are also commonly present on specimens. 
This is the first record of a vanadium mineral from the 
mines in the Loch Gilp area and is the first record of 
vt:signieite from Scotland. 

Oxidation of coppt:r sulphides in the presence of sea 
water was rt:sponsible for the formation of the 
clinoatacamite and connellite that are a~sociated with 
vesignit!ite at Castktown mine (Stark.ey and Hubbard, 
1998). The barium and copper needed to fonn vesignieite 
are almost certainly also produced by oxidation and 
leaching of the quartz-sulphide orebody. The source of 
the vanadium has not yet been estahlished. 

The ore deposits in the Dalradian of Kintyre are 
relatively little studied and the discovery of a vanadate 
mineral at one of (hem suggests that further studies of the 
mineralogy and geochemistry are merited. A suite of 
minerals from Castletown mine, including a specimen of 
ves igniei te , is preserved at the Manchest.:r Museum. 
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OTAVITE FROM BISHOPTOl'j, RENFREWSHIRE, SCOTLAND 

John FAITHFULL 
Hunterian Museum, L'ni\~rsity otGla'goll, GI,,,~ow, GI 2 8QQ 

~eil HI'BBARD 
3U Thirlmere Rd, Barroll-upon-Soar. Leicester. LEI2 8QQ 

OCCURRENCE AND PROPERTIES 
Otavite (CdCO j ) has been found in small quantItle~, 

associated with g reenockite , a t Bishopto n, in 
Renfrewshire, the first reported Scottish occurrence, It 
occurs in highly vesicular lavas in the scree below the 
railway cutting (National Grid Re ference NS 425 725) 
leading to the tunnel. This is immediately above the 
' borrow pit' for the M8 motorway described by Meikle 
(1 992). It forms creamy white crusts coating greenockite 
crystals or partially dissolved greenockite grains, It also 
forms hemispheres (up to 0,5 mm across) and botryoidal 
c rusts on prehnite near greenockite grains, and , in one 
case , white rhombohedral crystal s coating a steeply 
pyramidal greenockite crystal. It shows a bright orange 
tluorescence under short-wave UV li ght, and weaker pale 
greeni sh to orangeish tluorescence under long-wave U Y. 
This provides a quick method of detecting the otherwise 
unspectacular otavite. 

The botryoidal and sphnoidal otavite consists of 
clusters of tiny rhombohedra (Fig 1), rather similar to 
tho~e reported by Rock et al. (1994) in studies of synthetic 
CdC03· Semi-ljuantitative EDAX analyses of an 
unpoli shed carbon-coated spheroidal grain indicate 

compos itions in the range CdO.95 ()~('a005 lI:'CO;. Zn and 
Mg were below detection limits, while Fe may bt: present 
at around the 0,1% level. The material gave X-ray 
diffractometer traces very similar to those of otavite in the 
JCPDS index. 

FIGURE I, Secondary e lectron SEM image of the broken surface of an 
otavite spheroid from BishoplOn. Sca le bar is 20 ~m. 

94 

Specimens of the material are prese rved in the 
collection~ of the Hunterian Museum, University of 
Glasgow (GLAH\1 100822), and in ~eil Hubbard's 
private collection. 

DISCUSSION 

Otavite was first described from Tsumeb, Otavi, Namibia 
(Schneider, 1906) and has since been rt:ported from a fev. 
other localities inlcuding: the Mo Ba lead-zinc deposit in 
Vietnam (Johan, 1962); the Orenberg area in the Russian 
Urals (Bur'yanova et ai" 1969); Blanchard Mine, New 
Mexico , USA (De M ark, 1992); Hromnice, Czech 
Republic (Pasava et aI., 1993); Broken Hill, Australia 
(Birch and van der Hayden, 1997); and Coldstones quarry, 
Pateley Bridge, North Yorkshire, England (Young et aI., 
1997). 

The nev. occurr.:nce at Bishopton is extremely unusual, 
and perhap5 unique, in that otavite is here found in minute 
traces in rocks of normal basaltic bulk composition, viz. 
lavas of the Clyde Plateau Volcanic Formation of the 
Strathclyde Group (Chadian to Brigantian , Vi sean , 
Carboniferous). At Bishopton, greenockite is the most 
abundant sul phide rresent but , even so, it is extremely 
scarce, although crystals up to I cm have been found 
(Meikle, 1992). .\1inut~ traces of pyrite, chalcopyrite, 
bornit~ and galena accompanying greenockitt: were 
reponed by Meikk ( 1992), 

Most otavite occurrences are associated with sulphide 
ore bodies with unu~ual bulk-rock and groundwater 
chemi stry. Otavite at Bishopton has formed directly from 
the solution of greenockite under ordinary conditions of 
groundwater Eh and pH. Thi s is unusual: significant 
quantities of Cd are normall y only mobilised under 
extreme conditions res ulting from the oxidation of 
sulphide orebodies , 

Calcite is a major component of the prehnite ± other 
zeolile~ ± greenockite assemblage at Bishopton. During 
depo~ition of these mineral s, both calcite and greenockite 
appear to have been stable phases , although whether they 
were actually in equilibirium is il11po~sible to ~ay. 

However. at some later stage , perhaps during recent 
weathering , both greenockite and calcite seem to have 
become unstable with respect to otavite: 

CdS(solid) + CaC03 (solid) + nH20 H 
2+ :?-

CdCOj (solid) + Ca (alii + S'ag, 
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This equation is not intended to represent any actual 
reaction (calcite and greenockite do not react directly 
tugether, and S2- is not an important sulphur ion in nature) , 
but it does illustrate some of the factors involved. 
Essentially, otavite (the right hand side of the equation) 
will be favoured by reactions which remove sulphide from 
the sy~tem (e.g. oxidation). whereas increased sulphide 
concentrations (e.g. reducing conditions, or increase in 
total S in the water), will favour greenockite, driving the 
reaction to the left. Indeed, increasing the sulphide content 
is one way of treating cadmium-contaminated waters 
(Daskalakis and Helz, I Y92) _ 

Why is otavite so rare at Bishopton? While 
greenockite is not exactly common here, otavite i~ 

extremely rare . It seems that what is controlling the 
formation of otavite is not the availability of Cd - there are 
plenty uf greenockite grains about· . but either difficulty in 
crystallizing the carbonate, or difficulty in mobilising 
Cd 2+. 

The solubility of carbonates in groundwaters is 
controlled by the complex interaction of pH, CO2 and the 
minerals themselves. The pH of water in equilibrium with 
calcite at atmospheric concentrations of CO2 is around 8.3 
(c.g. Garrds and Christ, 1965). If the pH is lower than 
this, calcite will di ssolve. At pH >8.3, and in the ab~ence 
of sulphide species, any Cd2

+ present will partition intu 
calcite, rather than precipitating as otavite (e .g. Rock ef al., 

1994). Similar calculations have been carried out for 
otavitc , using the REACT software of Bethke (1996) . 
These indica te that pure otavite will dissolve in 
ground waters under atmospheric concentrations of CO2 
until the pH is above 7. 1, when the ground waters will be 
saturated with around 12 mg rl of CdCO,. Cry:; tallisation 
of otavite thus requires a pH of between 7. 1 and 8.3, and a 
Cd2

+ concentration in the water of >8 ppm . 
Sulution ur !!reenockite will not directly produce 

waters with such hi!!h Cd concentrations. Greenockite is a 
famously insoluhle sulphide, and reactions of the type 

CdS(sOlid) + nH20 H Cd
2
\aQ) + HS-laq ) + OH-(aq) 

typically result in parts per billion leveb of Cd2
+. or lower 

!Daskalakis and Helz, 1992). However, if sulphide species 
are removed by oxidation, greenockite solubility is in 
effect the same as the extremely soluble salt cadmium 
sulphate. Under these circumstances solubility becomes a 
matter of kinetics: how fast can sulphide be oxidised to 
sulphate. either at the greenockite grain surface, or in 
solution? Surface effects are very s low, and as the 
solubility of greenockite as sulphide is very low, rates of 
oxidation in solution will also be very low. In order to 
accumulate the necessary levels of Cd in solution, a very 
restricted flow of water (probably almost zero) is needed, 
so that Cd2

+ can accumulate without being carried away 
and diluted . 
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Crystallisation of significant quantities of otavite 
probably requires a repeated hydrate-react--evaporate 
cycle invo lving oxidising grou ndwaters with u pH between 
7.1 and 8.3. Under such conditions greenockite solubilit)­
will be greater than that of otavite, so that the former 
incrementally dissolves on each cycle, without removing 
otavite. 

We cannot be sure of the chemistry of the waters 
pre:,ent Juring the formation of the utavite. However, 
analyses are availahle of bottled s till spring water 
(Sainsbury 's Caledonian Spring) from si milar Cl yde 
Platea u Volcanic Formation basalts in the nearby Campsie 
Fells, and it is likely that most intrabasal tic ground\\,ut..:rs 
in the area are similar. The analysed water has a pH of 7.4, 
exactly in the range we would predict for the occurrence of 
otavite . 
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BOTALLACKITE, INCLUDING GOOD CRYSTALS, FROM IRELAND 
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The only botallackite recorded from Irdand is that 
collected in recent years from Dooneen mine, Allihies, 
Co. Cork (Moreton and Aspen, 1993). This material 
forms a part of the green coatings visible on the rocks on 
the north face of the southernmost of the two narrow inlets 
in which the mine adit portals emerge at beach level. 
Collectors have culled some of these encrustations, and 
many specimens have been marketed as "botallackite". 
We have studied a considerable number of samples, using 
infrared spectroscopy, and find that they are an intimate 
mixture of atacamite with variable amounts of botallackite 
(see Braithwaite, 19'10, for their spectra), and amo'1'hou~ 
material. Most samples contain little or no botallackite, 
and only a few are bOlallackite-rich, the original 
identification having been serendipitous, using a 
fortunately rich sample. The appearance of these crusts 
varies from smooth darker green, through knobbl) to 
compact intergrown crystalline. The smooth darker green 
material is atacamite-rich, but the appearance of most of 
the material has no clear relationship with its composition. 
Only in one specimen (RSWB 98-31) can botallackite be 
separatdy di~tinguished, where it forms a thin layer of 
compacted blades looking much like langite, overgrown 
by a dark green fairly smooth layer of a mixture of 
botallackite and atacamite. Paler green , di stinctly 
microcrystalline material is found a few metres inside the 
mine; this is pure atacamite, associated with late crusts of 
chalcanthite. 

At Knockmahon, Co. Waterford, a series of near­
parallel lodes trending NW-SE have been worked for 
copper, as in the Tankardstown mine sett (see Cole, 1922; 
O'Brien, 1959; Ryback and !Vforeton, 1991), and a number 
of these lodes outcrop on the coastal cIiff~, in which 
numerous mine entrances are vi~ible, ~ome at considerable 
heights above sea-level. Dr George Ryback (personal 
communicatiun, 1991) collected green crusts from the roof 
of a sea-level adit into part of the Stage lode complex in 
Cuan (Stage) Cove; powder XRD at The :-.Iatural History 
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Museum, London (8880F) showed a sample to be a 
mixture containing botallackite, with atacamite and 
clinoatacamite. 

Examination of another outcrop of the Stage lode 
complex in the next cove to the east. at '\Iational Grid 
Reference X 444 986. revealed a complex of quartz 
veinlets carrying chalcopyrite. At beach level, supergene 
alteration of the chalcopyrite has produced small pods and 
thin vein lets of massive cuprite with traces of native 
copper, in fractures in the vein-quartz, and rimmed with 
malachite, which latter is also found in cavities and 
fractures as small patches of bright green needles and in 
massive form. Botallackite crystals were found associated 
with this material in some places. These vary from deep 
green transparent to pale blue-green and near-opaque, and 
in size from microcrystalline to -2 mm long. The larger 
crystals tend to be separate, in small clusters or in paraJlel­
growth complexes, and lie flat on the quartz surfaces of 
fractures, but project into cavities. The smaller crystals 
sometimes form rich crusts superficially resembling 
devilline. Fourier Transform infrared spectra confirm that 
both ty pes of material are botallackite. Apart from those 
mentioned above, the only associated mineral is traces of 
connellite, which is not uncommon at other localities in 
the area (Ryback anu Moreton, 1991). 
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