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THE STORY OF A MINERAL COLLECTION 
(Part 2) 

The late R.D.S. SHRIMPTO>J 

As he described in Part I, Robert Shrimpton caught the mineral bug as a boy while on holiday in 
Cornwall in 1917. Though he spent his working life as an accountant with LCI., his enthusiasm for 
cullecting, characterising and caring for minerals stands out from these reminiscences . In this second 
and last instalment, he mentions personalities that many readers will recognize - Bill Davidson of 
Penrith. noted for the minerals he collected in the Lake District; Arthur ScobIe, from whoso! I:ollection 
sp.:cimens ha\l: been offered for sale recently by several dealers; Reg Parkinson, after whom parkin­
sonite has just been named; Dr Jamie Nelson , who still remembers Robert Shrimpton with warm affel:­
tion and rl:gard: and Richard Barstow, a prodigious collector (especially underground) who inspired 
many of his contemporaries. The collection of over 500 regist.:red specimens which Shrimpton donated 
to Tonbridge School contains examples of nearly 200 species from Britain and abroad, though none 
of outstanding quality; many of these acquisitions are mentioned in his story. Among good British 
material , for example , are stout, terminated translucent quartz prisms up to 8 cm across from Carrock 
mine, Cumbria. collected in 1943. I also spotted one novelty . tiny needles of dufrenoysite in a vugh, 
from Wheal Boys in Cornwall. collected by Shrimpton in 193~ . The} were later identified for him by 
Dr Nelson , using XRD, and the species does not appear to hav.: be.:n recorded hitherto from Britain . 
I should explain that this collection came to light through the South Eastern Museums Service, called 
in for advice by Tonbridge Schoul. Simon Timberlake , their Travelling (jeology Curator whose post 
is funded by British Gas and the Geologists ' Association , inspected the collection, wrote a report, and 
suggested a plan for further curation work - hence my invo lvement, for which I am grateful tu Simon. 
The various Area Museum Services in Britain perform a va luabk: task in locating and helping to 
consen.: and document geological collections of all kinds. Members of the Russell Society are encour­
aged to lend support to these activities. 

FELLO"' COLLECTORS 
It had been obviou~ for some time that the cabinet I 
had purchased in Exeter was quite inadequate even 
to store the collection, let alone display it. It so 
happened that I.e.!. had another suhsidiary, the 
Paper Goods ManuClcturing Co. in London, that 
made cardboard boxes. I bought 100 boxes with 
close-fitting lids (15 x lOx 7 cm), and 100 white trays 
in three different sizes. The trays would be used to 
display specimens on velvet cushions, but display 
cabinets were out of the question while we were 
temporary rl.!sidents in :\' orthwich so, having 
wrapped each specimen in old newspaper, and having 
numbered and indexed them, r stored them in the 
cardboard boxeS. I had already decided eventually to 
prepare a card index of the collection, and the Chief 
Account.lnt agreed to sdl me a disused card index 
cabinet on behalf of the Company for 5 shillings . 

In the meantime war had ended and I.C.!. was 
anxious to resume operations in Malaya. I was sent 
out there for tht! whole vf 1946. On the journey out 
our ship called at Aden to refill its bunkers with 
coal. and to I.!:,cape the noiSe and cluud~ of coal du:.t 
I elected to climb Jebel Sham:sham (1 7 23 ft), the 
highe:'l of a range uf volcanic hills above the town. 
On the return juurne) r cro~::,ed a flat. sandy plain 
littered in places with chalcedony. and I collected 
several pieces of this mineral. While in Singapore r 
drove out one Sunday to some \0\ aterLtlls near Kola 
Tinggi in Johore, \0\ hich I had visited before the \0\ ar. 
To escape the crowds of British soldiers and local 
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girls by the waterfalls, I went up the valley and came 
across the dumps of what had been a small iron 
mine, where I collected specimens of dark grey 
massive hematite. The best additions to my collec­
tion during 1946 arose from a chance meeting with 
an employee of the shipping agents for the arsenic, 
antimony and mercury mines in Sarawak, from 
whom I obtained specimens of stibnite, cinnabar 
and native arsenic. 

Eventually, in 1947, I returned to England by 
flying boat - much the most enjoyable form of aerial 
transport - and became Chief Accountant of the 
Paints Division in Slough until my retirement in 
1964. I rejoined the Geologists' Association and also 
applied for membership of the Mineralogical 
Society of London . My application was accepted 
and in April 1947 I took part in a Field Meeting in 
the North of England. There were about 30 of us, 
and I was the only member of the party who was 
not in some way connected with geology or miner­
alogy in a professional capacity . 

For me the meeting was both absorbing and fruit­
ful. On our tirst day we went to Egremont in west 
Cumbria , and were laken down Florence iron minI.! 
where I was able to pick up good specimens of 
hematite from the floor of one of the levels. In addi­
tion , the manager gave me a cluster of thin tabular 
crystals of hematite with metallic lustre. and an 
excellent specimen of intergrown curved crystals of 
pinkish-white dolomite. We spent the second day in 
the Caldbeck Fells where we \ isited Carrock and 
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Brandygill mines, and then climbed north over the 
fells to Driggeth lead mine which had recently been 
reopened . From a trench driven across the outcrop 
of a lead-bearing vein, I collected a good specimen 
of pyromorphite in small bright green crystals 
emplanted on dull white massive baryte . On our 
third day we visited Hilton mine in the morning and 
Silverband mine in the afternoon. Hilton mine is 
well-known owing to the fact that the fluorspar here 
is amber in colour, whereas elsewhere in the north 
of England it is found in colours varying from pale 
lilac to deep purple. The waste dumps are extensive 
a nd very rewarding to the collector. Silverband mine 
near Appleby, originally worked for lead , had 
recently been reopened for barytes. We were taken 
along a level driven into the hillside and from the 
floor of this I obtained a good translucent tabular 
crystal of baryte. On our last day we visited Stamp 
Hill mine, a mile or so ~ of Kirkby Thore . This 
was a drift mine worked for gypsum, and I obtained 
good specimens of this mineral. 

Before I leave the >Jorth of England I must 
mention Mr W.F . Davidson, a young shoemaker in 
Penrith who had developed quite a passion for 
minerals. During a period of only three or four years 
he had systematically ransacked the extensive waste 
dumps left by the miners in the Caldbeck Fells and 
had also visited many of the mines in the :-';orthern 
Pennines. He had built up a very fine collection of 
minerals from the l\orth of England and we were 
all impressed by the quality of his specimens . Later 
he sent me good specimens of galena and fluorite 
crystals from Weardale, molybdenite from Carrock 
mine, and three excellent specimens of colourless to 
white crystalline baryte from the old Cow Green 
mine in Teesdale. In exchange I sent him jamesonite 
and other antimony minerals from Cornwall. 

During my years of membership of the Mineral­
ogical Society I met only one other member who 
was not a 'professional ' of one kind or another. 
He was Arthur Scobie and he owned a small farm 
near MoretonhampsteaJ on the eastern edge of 
Dartmoor. When in 1951 we drove to St I ves in 
Cornwall for our holiday, we were able to accept an 
invitation to visit him and his charming wife on the 
way. The farm house was a veritable Aladdin's 
Cave, with a number of enormous glass-framed 
cabinets d isplaying wonderful specimens, mainly 
from the !':"orth of England where Scobie had 
worked for a few years sinking shafts and driving 
levels in some of the old lead mines which had been 
reopened for fluorspar. Every spring he and his wife 
took a week's holiday. which they spent searching 
for minerals in Devon and Cornwall. During the 
next few years Scobie sent me various specimens, 
mainly from Devon and Cornwall, including several 
from the Meldon quarries on the north-western edge 
of Dartmoor. When I last saw him in 1956 he had 
sold the farmhouse and the mineral collection the 
lattl!r to an American for £1000. 
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On this holiday I also met John Curnow, a delight­
ful old Cornishman. a miner in bygone years but 
now superintendent of a water pumping stat ion on 
the outskirts of St Ives . On three occasions we drove 
in the evening to the old Botallack mine near St 
Just-in-Penwith . Here we would crack stones from 
a very large dump which was being carted away for 
road metal. so that on each occasion we had access 
to fresh material. r collected many specimens, but 
none of display potential. When I said goodbye to 
John Curnow at the end of our holiday he presented 
me with a fine piece of massive cassiterite. 

In June 1952 I attended a week-end Field Meeting 
of the Geologists' Association, based at Hope in 
Derbyshire. In Smalldale, at the bottom of a shallow 
trench, I found a fine, large specimen of honey­
coloured intergrown cubes of fluorite containing 
purple inclusions, and in Bradwell Dale I found , in 
the limestone cliff immediately west of the road, a 
thin vein containing white intergrown crystals of 
fluorite. After the meeting I drove to Barnard Castle 
and visited some of the northern mines. I returned 
home with specimens of fluorite from Stotfield Burn 
mine (Iliac-coloured cubes emplanted on pale blue 
translucent quartz) ; black sphalerite from 1'-ienthead 
mine; and fluorite and calcite from Rotherhopefell 
mine, all in upper Weardale. At Coldberry mine in 
Teesdale I obtained a good cubic crystal of pink fluo­
rite on which were emplanted clusters of tiny crys­
tals of galena. At Hilton mine, Scordale, I discovered 
a dump high up on the north-west side of Hilton Fell 
which was missed during the Mineralogical Society 
visit in 1947. Here I obtained good specimens of 
amber fluorite cubes associated with galena and 
baryte, and from the main dumps on the valley floor, 
specimens of nodular radiating witherite. 

CORNWALL REVISITED 

In August , on the way to visit my mother who was 
still living in her cottage at Port Isaac, I called at 
the old Treburland tin mine on the north-eastern 
border of Bodmin Moor. This mine was unusual in 
that it has produced not only tin but also , from a 
separate vein , manganese . two metals which never 
occur together in the same vein. What remained of 
the old mine dumps were on a small farm , and the 
farmer was not pleased to see me, but I.:ventually 
allowed me in and I secured a reasonably good spec­
imen of rhodonite . I also wanted to find Roughtor 
copper mine which I had once visited in the I 920s. 
I could not find the dumps, but in a corner of a field 
just west of :--kwpark farm was a mound of earth, 
partly covered with grass , and on top - just waiting 
for me to pick it up - was a lump of pale yello\\, 
earthy material covered with a mosaic of bright 
green tetragonal scaly crystab of torbernite. 

From Port Isaac I revisited Castle-an-Dinas mine. 
Sir Arthur Russell had recently noted in the Minera­
logical Magazine that he had discovered bismu-



thinite on the old mine dumps, and I decided to try 
my luck. After a long search I found a piece of white 
vein quartz with a tiny bunch of acicular bismuth i­
nite in a small cavity, and also a better specimen of 
wolframite than any I had previously collected. 

By this time I had accumulated a considerable 
number of specimens and the time had come to have 
a cabinet made for them. I gave the job to a local 
cabinet maker, who created a massive piece of furni­
ture for me. At its base was a large cupboard with 
two doors. Above were twelve large drawers in two 
sets of six - one set on each side. In the drawers I 
arranged the best of my specimens, placing them on 
cushions of velvet in cardboard trays fastened to the 
drawer floors with drawing pins. In the cupboard I 
stored the cardboard boxes with specimens which 
were not good enough for display. 

One of the perks of being a Division Chief 
Accountant was attendance at annual meetings of 
Chief Accountants. usually hdd in large hotels 
somewhere in the north of England. One day would 
be 'free', and on several occasions I was able to visit 
mining areas in central and northern England. In 
1955 I visited Settlingstones mine near Haydon 
Bridge in Northumbria, which had the distinction 
of being the largest producer of witherite in the 
world. The manager was friendly and co-operative, 
and told me to help myself to specimens of baryte 
from a small heap outside his office, and to witherite 
from the ore trucks. He also gave me a small spec­
imen of niccolite which had been found in the mine. 
On another occasion I revisited the old Ecton 
copper mine on the borders of Derbyshire and 
Staffordshire, but instead of searching the dumps at 
the foot of Ecton Hill, I climbed to the summit. Here 
I found an old shaft, heavily boarded over, and a 
small dump, from which I secured specimens of 
baryte and aggregates of pale biscuit-coloured cubes 
of fluorite, some of which were encrusted with crys­
tals of the beautiful blue-green mineral aurichalcite. 

During the next three years we went abroad for 
our holidays and it was not until 1960 that I visited 
any more mine dumps. In September of that year 
my wife and I went to Cornwall. and I was able to 
spend a day searching the dumps of the long aban­
doned South Terras uranium mine for uranium 
minerals, but without success. However, I did find 
quite good specimens of grey massive arsenopyrite. 
On our way back I made a detour to \isit R.F.D. 
Parkinson, a family business situated on the 
outskirts of Doulting in Somerset, which sold miner­
als and geological specimens. I was impressed with 
the range of their stock and during the next few years 
I made several purchases from them, including a 
specimen of wiry native silver from British Columbia 
and specimens of natrolite, chabazite, apophyllite 
and other zeolites from Northern Ireland. 

In 1962 I had received a letter from Mrs Hummel 
of Leeds. Her husband, the Professor of Mining 
whom I mentioned earlier, had died a year or two 

previously, and she now offered to give me a box 
of mineral specimens and a few fossils that she had 
found amongst her late husband's effects. The 
minerals included native bismuth from Bolivia, 
orange-yellow globular mimetite, and brassy metal­
lic marcasite in chalk. That year my wife and I 
went on holiday in Scotland- a week at Lochinver 
on the west coast and a week at Killin at the 
western end of Loch Tay. While at Killin I visited 
Corrycharmaig mine, a few miles north-west of 
Killin, which had been worked for chromium in 
bygone years. The extensive dumps provided me 
with reasonably good specimens of black massive 
chromite. Although I did not know it at the time, 
these were to be the last mine dumps which I visited. 
The next year we were at Aiguebelle on the south 
coast of France. I knew of no mines or other sources 
of minerals in the area but, quite by chance, I discov­
ered in the hills behind Aiguebelle an outcrop of 
bare rock which contained many crystals of brown­
ish-black staurolite, specimens of which I brought 
back for my collection. 

LEISURE YEARS 

I retired from I.C.!. in June 1964, and we bought a 
flat in Eastbourne. It had been designed in such a 
way that every room had a window looking south­
west over the grounds of what had been the Duke 
of Devonshire's estate to the South Downs beyond. 
On the other side of the flat was a long corridor into 
which the front door opened. It was obvious from 
the start that my mineral cabinet could not be 
accommodated in the flat, but the answer to my 
problem was provided by one of the directors of a 
furnishing firm from whom we were buying carpets 
and curtains. Why not have a line of cabinets for 
the collection ranged along the south-west wall of 
the corridor into which the front door opens? I 
could have the upper shelves of the cabinet illumi­
nated by strip lights and display my best specimens 
on these shelves. Below these shelves the less showy 
specimens could be stored in drawers, and below the 
drawers there would be cupboards for the card­
board boxes containing specimens which were not 
of display quality. This seemed the obvious solution 
and I arranged for a local skilled carpenter to make 
the cabinets for me. and then an electrician to install 
the lines of strip lights. 

Retirement brought me one very considerable 
bonus . the leisure to do things which r had never 
been able to do while I was working. In particular, 
I 'has able to fill gaps in my collection so that it would 
represent more effectively the whole of the mineral 
kingdom. I had earlier acquired small shareholdings 
in a number of mining companies, including the 
Rio Tinto-Zinc Corporation, the Anglo-American 
Corporation of South Africa, and the Messina 
(Transvaal) Development Co. I now wrote to these 
companies, explaining that I had been a shareholder 
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for so many years, that I had been collecting miner­
als since 1917, and that I shuuld very much appre­
ciate good specimens of the various minerals which 
occurred in their mines. These requests produced 
valuable additions to my collection . r also bought a 
number of specimens from a 'rock shop' in Holbom. 
and one excellent specimen of malachite from a 
jeweller's shop in Hatton Garden. 

A former colleague in Malaya, Jimmy Giles, had 
retired from I.e.I. in the late 1950s and went to live 
in Rhodesia (now Zimbabwe). When I discovered 
that Jimmy was a keen philatelist, r arranged for the 
Briti:,h Post Office Philatelic Bureau in Edinburgh 
to send him at my expense the First Day Covers of 
all new issues of British stamps. In return he sent me 
parcels of Rhodesian minerals, supplies of which 
were continually becoming available through the 
activities of the numerous prospectors. In fact, all 
the specimens in my collection from Zimbabwe (with 
one small exception) were sent to me by Jimmy Giles, 
including good examples of sphalerite, magnetite, 
chromite. agate, amethyst, corundum, malachite, 
beryl. tourmaline and many other minerals. 

In September 1965 I joined a Field Meeting of the 
Geologists' Association in the North of England. I 
cannot remember that we visited any mines but r 
obtained from High Force quarry in Teesdale a nice 
specimen of greenstone with rosettes of white, radi­
ating pectolite. In the following year we took our 
car to Europe, touring the Alpine regions of Austria 
and Switzerland. About ten days were spent in 
Seefeld near Innsbruck, and in the tiny town of 
:\1ittenwald, across the border in Germany, I dis­
covered a ~mall shop which sold minerals. Here r 
purchased good specimens of andradite garnet and 
the efflorescent variety of aragonite known as 'flos 
krri ' , both from localities in Austria. 

In 1967 'A-e kft Eastbourne and moved to a bunga­
low in Beaconsfield in Buckinghamshire. within easy 
rt!ach of our younger daughter and her family . For 
me our new home had the great advantage that there 
was a small third bedroom, with a window at the far 
end, which provided an ideal home for my mineral 
collection . :vi» four illuminated cabinets were 
arranged along the side walis, two on each side, and 
the table 'A-hich I used for 'office' work and as a base 
for my typewriter was placed under the window at 
the far t!nd . A seven-foot long cupboard with sliding 
glas::. doors . originally in the kitchen, V/~S installed 
abovt! the cabinets on one wall, where It prOVided 
an excellent home for my larger specimens, and on 
the wall opposite I attached a long open bookcase. 

About 1970 r met Mr J.B. ~elson. a director of a 
small engineering company in north London, and a 
recent recruit to the very small body of amateur 
mineral collectors in Britain. r was able to give him a 
large number of specimens from my cardboard box~s, 
and in return he gave excellent specimens of graphite 
from Sri Lanka, azurite from \1exico, and the rela­
tively ra re mineral ulexite from the Gnikd States. 
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In 1972 we moved back to Eastbourne, into a flat 
on the sea front with a third bedroom which was 
almost an exact replica of my mineral room at 
Beaconsfield, except that it was slightly larger. This 
became my study with the mineral cabinets arranged 
along the sides of the room exactly as they had been 
at Beaconsfield. Shortly after our return to 
Eastbourne I was introduced to Arthur Carter, who 
knew of a shop in Hastings (called 'The Stone 
Corner') which sold mineral specimens. During the 
next few years Carter and I paid several visits to the 
Stone Corner and my collection benefited accurd­
ingly. In addition to collecting minerals. Carter wa::; 
a keen amateur archaeologist. Ev~ry ::.ummer he 
would go away, usually to the "v1editerranean. to 
visit places of archaeological inkrest. On one of 
these holidays he picked up a nice specimen of 
magnesite from Greece, which he gave me on his 
return home. On another occasion he stopped off 
at Yate near Bristol , where there are large deposits 
of celestite, and Carter obtained a good specimen 
of this mineral for my collection. Eastbourne was 
not entirely lacking in opportunities for collecting 
minerals. There are chalk cliffs immediately wt!st of 
the town in which there are occasional narrow bands 
of pyrite nodules. As the cliffs are gradually eroded, 
these nodules are deposited on the beaches where 
they acquire a dull black tarnish. I collected a few 
of these nodules, but the best specimen in my collec­
tion was given to me by Arthur Carter. It was a 
piece of brassy metallic pyrite about the size of a 
tennis ball, which he had prized out uf the chalk of 
Beachy Head. 

THE STORY E~S 

In 1974 my wife and I spent a hoi ida) near Penzance. 
We travelled b) train and I visited no mine dumps 
during the holiday . I did, howev.:r, visit the home of 
a young Cornishman, Richard Barstow, on the 
outskirts ofSt Just-in-Penwith. Until recently he had 
been a miner at Geevor (a working mine not far from 
St Just) but he had given up mining in favour ~f 
selling minerals. He had a good selection of specI­
mens, one of which I purchased there and then, and 
J bought several more later through the post . 

By this time I had, in addition to the specimens 
in the mineral cabinets. ~8 boxes containing specI­
mens which were not of good t!nough quality to 
deserve positions in the mineral cabinets. Each spec­
imen was wrapped in newspaper and numbered. and 
the contents of each box were recorded on an index 
card . It had been my original intention to use these 
specimens for testing purposes but I had nev~r got 
around to it and J now realized that I never would. 
So I decided to give them to ('amborne School or 
Mines, where they might be useful for the tuition of 
pupils in blowpipe analysis, etc. David Binns from 
the School of \1ines very kindly undertook to take 
the boxes and the relevant index cards to Camborne. 



My collecting days were now over. None of my 
family were interested in minerals and I knew that, 
unless I did something about it, the collection would 
gradually disintegrate after my death. And so, in 
1980, having received a letter of acceptance from 
the Headmaster. and with the invaluable help of my 
dear wife, I transferred the collection and all the 
paraphernalia associated with it - binocular micro­
scope, fluorescent lamp, streak plate, test tubes, 
reagents, card index, etc. - to myoid school, 

Tonbridge. There the collection is housed in a small 
room (adjacent to the library) which is virtually 
identical in shape and size with my study at 
Eastbourne. Compared with my study, however, it 
has one great advantage. There is a window at the 
far end which looks out across the 'quad' to the 
School Chapel, and the view from this window 
forms a perfect background to the collection which 
has given me so much pleasure for over 60 years. 

NOW AK PACKARD MINERALS 
W. John Nowak F.G.A. 
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The Mineralogical Society was instituted in 1876. TIle general object is to advance tbe knowledge not only of Mineralogy but 
al50 of Crystallography. GeochemistlY and Petrology. together with kindred subjects . l 1lis is done by publishing scientific 
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particular themcs are held each year, and tield excursions are organised pel10dically. In March, an annual meeting is held (usually 
at Burlington Hou se, London WI) on 'research in progress ' when short papers on all aspec ts o f metamorphism arc invitcd , and 
research students are particularly encouraged to participatc. 
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JOHN HENRY VIVIAN (1785-1855): 
THE PROBABLE EPONYM OF VIVIANITE 

PETER G. E\1BREY 
19 Edith Road, London W14 OS1.J 

Evidence presented in this paper indicates that Werner named the mineral vivianite after John Henry 
Ylvlan (1785 1855), F.R.S., F.G.S., M.P for Swansea, and not an unidentifiable J.U. Vivian as stated 
In numerous reference works. 

Il\TRODUCTIO~ 

It is unusual for a considerable number of reference 
works to agree on a particular matter, and all be 
wrong; but such is the case for the eponym of the 
mmeral vivianite. Greg and Lettsom (1858); Collins 
(1871); Dana's System of J1ineralogy, 5th, 6th and 
7th editions (Dana, 1~68, 1~92; Palache et al., 1951); 
Chester (1896); the Encyclopa!dia Britannica (lIth 
edn, 191011 1; 14th edn. 1950): the Oxford English 
Dictionary (1933 edn): and others all assert that 
vivianite was named by Werner after J.G. Vivian, 
some adding that the latter was an English miner­
alogist who discovered the specimens in Cornwall. 
Cnfortunately, their unsupported testimony appears 
to be the only evidence for the existence of an 
English mineralogist named J.G. Vivian. I know of 
no independent, primary reference to anyone of that 
name in the many indices to mineralogy and its liter­
ature - but this, of course, does not preclude the 
possibility of an amateur collector of that name. 
For a long time I believed Greg and Lettsom 
(1858) to be the first authors to have referred to 
J.G. Vivian; but an earlier mention is b) von 
Kobell (1853). A surreal note was struck by Huot 
(1841), who claimed the naming to be " En honneur 
de M. Viviani, professeur de chimie et de mineralo­
gie _ a Genes [= Genoa]"; Domenico Viviani 
(1772- 1840) had nothing whatever to do with the 
name vivianite. 

When all else fails , we are advised to go back to 
the beginning and read the instruction manual - in 
this case, Werner's Letztes Mineral-System (1817), 
where the name vivianite was first published. Note 
35 (by Freiesleben) reads: ·'Vivianit. ... Das 
Vaterland dieses Fossils ist Cornwall. ... Der Name 
ist vom Hrn. BR. [= Bergrath] Werner zu Ehren des 
Hrn. J. Vivian aus Truro in Cornwall, dem Er die 
Kentnis [sic] des Fossils verdankt. gebildet." 
(Loosely translated: The locality of this mineral is 
Cornwall. ... The name is given by '\1ining 
Councillor Werner in honour of '\1r J. Vivian of 
Truro in Cornwall, to whom he is indebted for 
bringing the mineral to his notice). 

THE VIVlA!'IS 

J. Vivian is not an uncommon name, but the circum-

stances suggest only two possible candidates for 
eponym: John Vivian (bapt. 1749-1R26), Vicewar­
den of the Stannaries and with extensive interests in 
copper mining, smelting. and banking; and his 
(second) son, John Henry Vivian (b. 9 Aug. 1785, 
d. 10 Feb. 1855). Whereas John Henry's elder 
brother, Richard Hussey (b. 1775), and their father 
had received part of their education in France 
(Griffiths, 1988, p. 32), the i\apoleonic Wars 
prevented him from doing the same; so he went 
mstead to Germany to study languages and busi­
ness methods at \1arburg, and in 1803 enrolled at 
the Freiberg Mining Academy in Saxony, near 
Dresden, to study under Werner. He also toured the 
mining regions of Austria and Hungary, as well as 
those of Germany, before returning to Cornwall in 
the following year. 

Copper smelting had long been carried on in 
South Wales because of its plentiful supplies of coal, 
and most of the Cornish copper ores were smelted 
there. In 1 ~ I 0, having bought a suitable site at 
Hafod, beside the river Tawe to the north of 
Swansea. John Vivian Sr set up a smelter of his own 
in the names of his two sons. John Henry, having 
managed another smelter (Penclawdd) for his father 
since 1806, became the managing partner; while his 
brother Richard Hussey was fighting with distinc­
tion in the ~apoleonic Wars. 
Despit~ his responsibilities at Hafod, John Henry 

found tIme for travel. In 1815, after visiting 
Napoleon in temporary captivit) on Elba, he made 
another trip to Germany, in the course of which he 
revisited Freiberg. He described the work of the 
Academy. and of that at Schemnitz, in a paper read 
before the members of the newly-founded Royal 
Geological Society of Cornwall in May, 1817 
(Vivian, 1818). In it (p. 73), he said of Freiberg that 
"At the time I studied there in 1804, there were 
Frenchmen, Spaniards, Poles, Prussians, Bavarians, 
and one Englishman, '\1r Chene\'ix. In addition to 
the public lectures, I had a private course with Mr. 
Wern~r, and I shall ever feel gratified for the great 
attentIOns I received from him as well during my 
former residence at the academy, as at my late visit 
in 1815," It seems beyond doubt that it was on this 
visit that he gave to Werner the specimens that were 
later to be called vivianite. 
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FIGURE 1. Parts of John Henry Vivian 's enrolment application at the Freiberg Academy, 1803. Vivian's 
signature is at the bottom right corner. From a photocop) kindly supplied by Prof. Rosier. 
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The RGSC minutes of this meeting record that he 
promised to give the Society his "mineralogical 
collection formed at Freyberg immediately under 
the eyes of Werner", conditionally on the founding 
of a Mining Academy and the establishment of a 
Professor's Chair in Cornwall. This did not come 
about; but earlier minutes record that Vivian had 
already made various gifts to the Society. including 
a model of an ore dressing machine used in Saxony. 
original drawings and plans illustrative of German 
mine hoists and ore dressing, "together with several 
Models and a complete dress of the Saxon Miner." 
I do not know if any of these have survived the 
ravages of time. 

Werner and his pupils, from time to time, issued 
a tabular synopsis of his Mineral System, revised to 
the time of publication, on folio sheets, or published 
them in other works (see Dana. 1868, p. xlv; 1892, 
p. Ix; Palache t!l al. , 1944, p. 83). On his return from 
Freiberg, John Henry Vivian presented a manuscript 
copy of Werner's current (1815) mineral system to 
the Geological Society of London: that the hand­
writing (in German script) is Vivian's own can be 
shown by comparison with that on his 1803 Freiberg 
enrolment application, fortunately still extant (Fig. 
I). I have two further examples of his signature, on 
the title pages of his copy of the catalogue of the 
Pabst von Ohain cabinet (Werner, 1791 - 92), which 
I obtained from the late Dr LJ. Spencer's effects. 

His marriage to Sarah Jones. in 1816. led him to 
lease and then purchase Marino. a house which he 
rebuilt in 1837 and renamed Singleton Abbey (or 
HalllPark/ Lodge). Much later, and after a serious 
fire in 1896, the Vivian family sold Singleton in 1919 
and the newly-formed University College of Swansea 
moved in and remains in occupation to this day. 

The problem of dealing \\ith heavy pollution from 
the 'copper smoke' emitted by the smelter engaged 
his attention, and his account of smelting and 
practices adopted at Hafod (published in the Annals 
of Philosophy, 1823, vol. 113-114, and privately 
reprinted) led to his ejection to Fellowship of the 
Royal Society in 1823. He was visited at the Hafod 
works by many eminent scientists, including Sir 
Humphry Davy and Michael Faraday. Although 
elected to Parliament in 1832, to be returned uncon­
tested as the Member for Swansea until his death in 
I ~55, he found time to be a member of Council of 
the Geological Society of London from 1834 to 
1836: and was a founder member of the Royal 
Institution of South Wales. Material on the Vivian 
family and John Henry can be found in many 
sources, among them Boase and Courtney t 1878), 
Grant-Francis (1881) , Vivian (1887), Jones (1974), 
and Griffiths (1988). A portrait is reproduced as 
Fig. 2. 

He was ;1n eminent man, and prominent m~mori­
als survive. Alongside those to other members of the 
Vivian family, there is a tablet to his memory in 
Truro Cathedral, high on the west wall of the north 

transept. Although opera glasses would be required 
to read it, a transcription is thoughtfully provided 
in Lake's Parochial History (Polsue, 1872, p. 257); 
" in lapidary inscriptions a man is not upon oath" 
(Johnson), but the sentiments expressed by it may 
well be not too far removed from truth: 

"Sacred to the memory of John Henry Vivian ... 
He was educated in Germany, and became the 
favourite pupil and friend of the famous geologist 
Werner; Sir Humphry Davy, Faraday, Buckland, 
and other distinguished scientific men, were his 
personal friends. At the age of 21 he quitted 
Cornwall for Wales, where the remainder of his 
active and useful life was spent. He was humble­
minded and gentle, though firm and far-sighted, and 
his life was a model of such charity as St. Paul 
discribes [sic], 1 Cor. XIII. ... A public funeral, 
attended by thousands of all classes, marked the 
deep grief of his constituents and neighbours, who 
have since testified their affection for him, and 
perpetuated the memory of his many virtues by the 
erection of his statue in bronze, opposite the Town 
Hall at Swansea. His remains are deposited in the 
church of St. Paul's, Sketty, which was built and 
endowed by himself and his eldest son Henry Hussy 
[sic] Vivian, M.P .... " 

The bronze statue, large and formerly standing 
outside the Old Guildhall in Swansea, was moved 
to the Victoria Park in 1933: more recently, it has 
been removed to Ferrara Square. off the marina in 
Swansea (Fig. 3). The inscription on the granite 
plinth is transcribed by Grant-Francis (1881, p. 
138); but the year of birth that he gives 
(MDCCLXXIX) is wrong. Notices of his death 
appeared in the press; but he died before the Royal 
Society began the practice of publishing obituaries 
ofib Fellows. It may also be noted that John Henry 
has no entry in the Dictionary of National 
Biography , an omission that needs attention in the 
revised edition that is now being prepared. 
:viinerals, as may be expected. were among the many 
objects that he collected. There were cabinets of 
specimens, arranged on Wernerian principles, at 
Singleton; he gave another cabinet to University 
College, London (Griffiths , 1988, p. 34). I have 
inquired. some time ago. but do not know what 
became of them nor whdher any of his original 
vivianite specimens have survived. Professor Rosier 
has assured me (1981) that none at Freiberg can be 
identified as those given by Vivian. 

CONCLCSIONS 

I first started work on this note in the late 1970s, 
but laid it aside on account of objections from 
several people whose views I respect. They were of 
the opinion that John Vivian Sr was more likely 
than his son, John Henry, to have been the "J. 
Vivian of Truro" for whom the mineral was nam~d. 
No firm evidence has come to light in support of 
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FIGL'RE 2. Portrait of John Henry Vivian, in the 
possession of Lord Swansea. Painted by Sir George 
Hayter, signed and dated 1835. 

either view. My support for John Henry Vivian. 
stronger after some years , is based on the following 
circumstantial considerations*: 

a) Werner gave the name for the J. Vivian (of 
Truro) who had brought the mineral to his 
attention. This was almost certainly his 
"favourite pupil and friend", J.H. Vivian, in 
1815. 

b) I know of no evidence that J. Vivian Sr ever 
visited Freiberg or met Werner; nor even that 
his was the original suggestion that J.H.V. 
should go there I would guess that J.H.V. 
formed the idea when at Marburg. 

c) It is held that John Vivian Sr was kno\\n as 
"John Vivian of Truro". whereas John Henry 
was known as being "of Singleton" (e.g. Vivian , 
1887). But this was at a very much later period , 
after Singleton entered the picture in 1837. John 
Henry was undoubtedly "of Truro" in 1803, 
when he first met Werner; Werner would surely 
have continued to regard him as such; and he 
was still specifically described as " of Truro" in 
the Royal Geological Society of Cornwall 
minutes of 1816 (~arch 1, May 17). 

FIGCRE 3. Statue of John Henry Vivian in 
Ferrara Square, Swansea. Photograph by Ms Anna 
Ratcliffe. 

~'OTE O!'l THE TYPE LOCALITY 

What is the type locality for vivianite? Werner did 
not say where in Cornwall his specimens were from 
and, as stated above, his original specimens (with 
or without locality labels) cannot now be identified. 
At around that time, however, many good speci­
mens of crystallized 'phosphate of iron' were being 
mined at Wheal Kind , St Agnes. An advertisement 
offering them for sale appeared in the Royal 
Cornwall Gazette for 26th September 1!S 18 (repro­
duced in Embrey and Symes, 1987, p. 52); and there 
is no reason to suppose that none had been found 
earlier. Wheal Kind is the only Cornish locality 
mentioned by Phillips (1823, p. 239), and my instinct 
is to let the matter rest there. I cannot, however, 
avoid noting that L.J. Spencer's short article on 
vi\ianite, in the 11 th edition of the Ency c/opcedia 
Britannica, states quite definitely that the locality 

*"<ote added in proof: 'vir Courtenay Smale has just told me of, and lent me, a recently-published book about the Vivian family, 
which contains (p. 50) the statement: "It was during this period also that the mineral named after John Henry - Vivianite . .. was 
identi fied. Indeed ib idcntit~ and Je~t:ription was first noticed in the scientific literature in 1817 by John Henry 's old teacher, Werner." 
Supporting evidenct! i, not giv(;n, and the text appears to conftate the 1815 visit and the student days. (Stanley Vivian, The Story 
of the VivianslA Cornish Family throurh Seven Centuries at Home and Abroad. Published privately by Stanley Vivia n, Truro, 1989). 
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was Wheal Jane, near Truro; and I know of no 
instance where Spencer made such a statement 
unthinkingly! It may be noted that specimens from 
Wheal Kind (and later ones from Wheal Jane), in 
common with many fine foreign specimens, were 
associated with pyrrhotine or pyrite or both, and 
so, with their labels, have seldom escaped damage 
from 'pyrite rot" (and from treatments intended to 
curb it) . 
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NATIVE SILVER FROM HILDERSTON MINE , 
WEST LOTHIAN, SCOTLAND 

T. KEMP MEIKLE 
13 Tassie Place, East Kilbride, Glasgow, G74 3EB 

T~e. occurrence of silver in Scotland is revie\\ic:d and historical details a re given of 17th century silver 
mmmg at Hiiderston mme, Bathgate, West Lothian. Here there are two metallogenic assemblages: ( I) 
galena, pyrite, chalcopYrite, sphalerite, solid hydrocarbon (albertite?), and quartz, where the vein cuts 
limestone: (2) silver. nIckel and cobalt minerals , with minor galena , pyrite, chalcopyrite and sphalerite, 
adjacent to basalt dyk.;s and a dolerite. sill. The gangue is baryte with minor calcite . Native silver occurs 
rarely, as mmute grams, but one specimen of wir) silver was also found. Other minerals described are 
acanthne, amalgam, cmnabar, mercury, nickeline. maucherite, an unidentified Ni-As- S phase annaberg-
Ite, erythrIte, magnetite, barytocalcite, witherite, and harmotome. ' 

INTRODCCTION 

Native silver is extremely rare in Scotland. Recent 
literature records small amounts of silver associated 
with native copper in prehnite in the Clyde Plateau 
Lavas at Boyleston quarry, Loanhead quarry and 
H~rtfield Moss (Meikle, 1989a, 1989b, 1990), and as 
mmor occurrences with sphalerite and galena, loose 
on Law J:Iill and ~utberry Hill near Lesmahagow, 
Lanarkshlre, presumably originating from Devonian 
or Silurian sediments (Todd and McMullen, 1991). 
Heddle (1901) refers briefly to minor occurrences 
near Abriachan, Loch i'Jess; at Craigsoales, Glen 
Esk; in Islay; and possibly also in Mull. He also 
records that it was mined in quantity at Hilderston 
in the Bathgate Hills, West Lothian, in the early 17th 
century; and also in the Ochil Hills near Stirling, at 
TIihcoultry and more notably at Alva, in the early 
l~th century, Specimens of native silver have been 
recovered by the author and others in recent years 
from old mine dumps in Silver Glen, Alva, and a 
very fine 18th century specimen (M953) is held in the 
Hunterian Museum, Glasgow University; another, 
larger specimen which was in the Smith Collection, 
Stirling, in 1974 has since been stolen. Other Alva 
s!lver specimens from the early 19th century collec­
tIOn of Cochran Patrick (senior) are now in the 
private collections of J.G. Todd and the author. No 
specimens of native silver from Hilderston were 
known hitherto, although specimens of other species, 
related to later mining there, are held in both the 
Royal Museum of Scotland in Edinburgh and in the 
Hunterian Museum, Glasgow Cniversity. 

This paper describes the history of Hilderston 
mine. recent investigations of the surface remains 
and the minerals that occur there. ' 

HISTORY 

The Hilderston silver vein was discovered acciden­
tally in 1606 by a local coal miner, Sandy Maund, 
prospecting on his own account in the area for 
a new coal seam. The discovery is recorded 
by Atkinson (1619) and referred to by later 

writers (Aitken, 1893; Heddle, 1901; Cadell, 1925; 
Stephenson, 1983). Atkinson, who had "good cause 
to be ,well acquainted with that silver Myne, being 
there Imployed from the begininge till the going out 
thereof, as a refiner of the ~ame, and a longer time 
then any others of England. Scotland, or Germany", 
refers to Maund as follows: "And this Scotsman, by 
means of digging in the ground hitt upon the heavy 
peece of redd-mettle; no man thereabout ever saw 
the like. It was raced with many small stringes, like 
unto haiers or threads. It had descended from a 
vaine thereof where it had engendered with sparr­
stone, which in foraine provinces is called ... cacilla. 
And he sought further ... and found a peece of 
brownish sparr-stone, and it was mossie. He broke 
it with his mattocke and it was white and glittered 
within like unto small white copper-keese which is 
to be found in many common free-stones." Maund's 
'redd-mettle' was presumably nickeline and the 
'haiers and threads' filiform native silver. The mate­
rial was so unusual that it was taken to Sir Bevis 
Bulmer, then engaged in mining and prospecting for 
gold ~t Leadhills, who made several assays of it, 
"and It proved wondrous rich" (Atkinson, 1619). 

The landowner, Sir Thomas Hamilton, the King's 
Advocate in Scotland, hearing of the discovery, took 
a lease from the King in January 1607 on all miner­
als in the district, and mining was commenced lAoith 
Sir Bevis Bulmer in charge assisted by Atkinson as 
his refiner. According to Atkinson (1619), "After the 
full discoverie he [Bulmer] rested not untill he named 
them, calling one pitt or shafte there God's Blessing 
because of the wonderful works of God that he had 
seene .... Shortly after I was brought thither, the 
silver Myne being sett open, I was stricken down 
into the shaft called God's Blessing and I brought 
up with me a most admirable peece of the Cacilla 
stone, a menerall stone, one which me thought came 
from one of God's treasure houses; parte whereof I 
kept still, and parte thereof I sent for a token to my 
uncle Atkmson of Foster Lane. It was much admired 
?y many Goldsmiths of London, who saw it , proved 
It, tryed and commended it. ... The manner how it 
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FIGLRE 1. Plan of Hilderston mine showing 17th century features. Redrawn from Plan of the Works of 
Silver Mine of Hilderston and Tartraven, Surveyed and Delineated 14th July 1772 by Joseph Udny (1 inch 
= 40 feet) in the Scottish National Records Office. 
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grew was like unto the haire of a man's head, and 
the grasse in the fielde. And the vaine thereof, out 
of which I had it was once two inches thicke ... the 
mettle thereof was both malliable and toughe. It was 
course silver, worth 4s 6d the ounceweight. ... The 
greatest quantity of Silver ... was raised and fined 
out of the redd-mettle .... And much of the same 
redd-mettle, by assay, held twelve score pounds star­
ling per ton weight. ... And when I wrought on the 
first sorte of red-mettle for Mr Bulmer and my Lord 
Advocate of Scotland, sundry times I refined it; and 
commonly for the space of three dayes weekly I 
made an hundred starling each day ... But this was 
the strangest of all others ... Untill the same redd­
mettle came unto 12 faddomes deep, it remained still 
good; from thence unto 30 fathome deep it proved 
nought." 

The vein initially proving to be very rich, the mine 
showed every sign of prosperity and the Scottish 
Privy Council was persuaded by the King's Advisers 
to rescind Hamilton's lease, with the mineral rights 
reverting to the Crown in May 1608 on payment to 
Hamilton of £5000 compensation. unfortunately 
for the King, the mine's profitability began to fall 
almost immediately through increased production 
costs and falling silver content of the ore, aggra­
vated by pilfering by the workforce. In 1612 a 
Proclamation by the Privy Council declared "That 
thair hes bene a grite quantitie of siluer vre with 
workloomes and vther prouisiouns embazelled and 
stollin away fra his Majesteis siluer mynes of 
Hilderstoun and fra the fyre workis and stamping 
workis belonging thairvnto". and demanded surren­
der within 20 days or "be perseuit and pvnist as 
commoun thevis and ressetairis of thift without 
favour or mercy" (Cochran Patrick. 1878). By 1613 
the mine was showing little return, and was let to a 
private company for a royalty, before silver mining 
eventually ceased in about 1616. Towards the end 
of the 17th century mining rights were acquired by 
the Earl of Hopetoun, whose family had been oper­
ating the lead mines at Leadhills, and galena contin­
ued to be mined at Hilderston until 1772 despite 
having little or no silver content. 
~o further mining operation took place until 

about 1870, when exploration of the old workings 
proved them to be virtually worked out. A shaft was 
sunk to over 67 metres where the vein almost 
vanished, and a borehole put down a further 61 
metres was unable to prove any values. The old mine 
wastes, mostly baryte, filling the old workings were, 
however. found to contain considerable quantities 
of nickel ore, the value of which was unknown to 
the early miners since nickel was not recognised as 
a new metal until the 1750s. Thes~. along with 
similar but oxidised material from the surface 
dumps. were recovered and sold. although they were 
found to contain neither galena nor silver (Aitken, 
1893). In 1896 one of Bulmer's original shafts was 
again cleared for further exploration of the old 

workings, though still without success, and final 
abandonment took place in l89~. 

A mine plan surveyed by Joseph Gdny on cessa­
tion of mining in July 1772, now in the Scottish 
National Records Office, Edinburgh. shows origi­
nal site details including the positions and names of 
all of Bulmer's early shafts, mine buildings, washing 
house, smelter and furnace, etc. (see Fig. I). Also, 
a British Geological Survey Record Plan labelled 
"Hilderston Silver Mine (Silver & Barytes)" , but 
otherwise untitled and undated, marks several trial 
trenches and pits - some dated June/July '71 
(presumably 1871) - and this is assumed to relate 
to the late 19th century investigations. 

GEOLOGY AND MINERALISATION 

The Bathgate Hills are comprised of Lower 
Limestone Group sedimentary and volcanic strata 
of Carboniferous Visean Age, the mine being asso­
ciated with thin E W trending much altered quartz­
dolerite or basalt dykes which cut the Lower 
Petershill Limestone to the east, and an adjacent. 
wide, )r-S trending dyke-like outcrop of a trans­
gressive dolerite sill. The early records and the 1772 
mine plan (Fig. I) suggest two mineralised areas: a 
distinct vein trending EW along the northern side 
of the valley, with a small dump in the field east of 
the road; and an area west of the road in the valley 
centre, indicated by the old shaft craters near the 
N- S dyke-like feature. The former appears to inter­
sect the valley immediately west of this area as indi­
cated on Udny's plan (Fig. I). The mineralisation 
is comprised principally of baryte with minor 
carbonates. There are two separate and distinct 
metallogenic assemblages: (1) galena, pyrite, chal­
copyrite, sphalerite, solid hydrocarbon (albertite?), 
and quartz to the east where the vein cuts the lime­
stone; (2) silver, nickel and cobalt minerals. with 
minor galena, pyrite, chalcopyrite and sphalerite, 
adjacent to the E- W basalt dykes and N-S dolerite 
sill to the west (Stephenson, 1983). 

St;RF ACE REMAINS 

Hilderston mine (NGR NS 990 715) is situated 
about 3 km NE of Bathgate, in a low, relatively 
narrow valley which rises from derelict and flooded 
old limestone quarries towards the low col of 
Hilderston Hills to the west, with Cairnpapple Hill 
and its Bronze Age henge and cairn forming the 
northern flank, and the basaltic bluff of Muir Craig 
the southern. Today it betrays little of its early 
mining history. Three small, crater-like depressions, 
in an area of lush wakr-meadow traversed by a 
small meandering watercourse. indicate the location 
of Bulmer's original shafts, to the west of the twist­
ing. hilly, N- S country road. Also on the northern 
flank are the unobtrusive remains of a low building 
near the site of the original smelter and furnace. East 
of the road, at a lower level, lie two small grassed-
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over dumps derived from the later operations, and 
old level mouths exist in the abandoned quarries . 
The levels are difficult of access and have not been 
investiga ted. The ruins of a row of miners' cottages, 
and what may be the manager's house, may also be 
observed in this area. 

The recent site investigations (1993) have been 
confined to opening a few shallow excavations in 
the water-meadow area, where the growth obscures 
the actual surface configuration , in the supposed 
vicinity of one of the original shafts (Ginn shaft) 
which is believed not to have been disturbed since 
the 17th century; and also in an area where origi­
nal waste or re-excavated backfill material may have 
been temporarily dumped during the 19th century. 
Mineralised. frequently altered, hand and fist-size 
specimens were recovered, along with earthy balls 
of pale-yellow to greenish annabergite . In addition. 
several larger, smooth-surfaced, buried 'cobbles' of 
mineralised quartz-dolerite, displaying a striking 
purplish-brown outer impregnation. were collected . 
A dump of weathered cobbles was found adjacent 
to the ruins near the old smelter site, no doubt deriv­
ing partly from farming field-clearance of the higher 
plough land, but partly also perhaps from the early 
mining or smelting operations. These tough cobbles 
may have been used to break up the ore in some 
form of drum mill prior to smelting, or simply in 
the construction of the mine road . 

MINERALS 

Heddle (190 I) listed nine species occurring in a 
baryte vein at Hilderston: silver, nickeline, annaber­
gite, erythrite. sphalerite, galena, pyrite and 
dolomite . Stephenson (1983) added calcite, quartz , 
chalcopyrite, bravoite. an unknown nickel arsenide 
(Ni 2As2S), and a hydrocarbon (prohably albertite), 
all from the baryte vein. The minerals identified 
during thl! present investigation, also considered to 
originate from the baryte vein , are described below . 
Examination of the 'cobbles' of altered quartz­
dolerite, thought to come from one of the E· W 
dykes, revealed pyrite, quartz. feldspar , pyroxene 
and amphibole, along with highly titaniferous 
magnetite and possibly maghemite. This study 
involved the use of various techniques including 
transmitted light examination of grains and thin 
sections; reflected light examination of polished 
sections; powder X-ray diffraction (XRD); and 
semi-quantitative microprobe analysis by energy­
dispersive X-ray spectroscopy (EDX). 

ACAN THITE, Ag2S 
This species occurs on the faces of microfractures 

in calcite as dull black , sometimes lustrous metallic 
plates (up to 4 mm x 0.6 mm) displaying rounded 
crystal forms. and is shiny and malleable when 
scratched . An initial but imperfect XRD photo­
graph indicated it to he a silver phase (either 

i)6 

sulphide or selenide) and further EDX examination 
confirmed the sulphide (probably acanthilC), closely 
associated with native mercury which seems to be 
concentrated as a surface coating. EDX examina­
tion of a cross-section of such a veinlet revealed a 
discrete grain of amalgam within the acanthite. 

Acanthite also occurs on calcite as small individ­
ual crystals or groups « 1.4 mm) of similar appear­
ance, and also displaying complex rounded faces 
(Fig. 2); they are closely associated with an naber­
gite-coated galena and nickeline crystal aggregates, 
along with tiny aggregates of cinnabar. 

ALBERTITE 
Small lustrous, black, isolated globules «3 mm) 

of solid hydrocarbon occur in the baryte/ 
dolomite/calcite gangue, often accompanying small 
crystals of galena. Stephenson (1983) suggests that 
this is probably albertite and reports it only from 
vein material adjacent to the limestone, bUl it is also 
present in both baryte and carbonate breccia adja­
cent to the dolerite intrusion. On one specimen it is 
associated with silver, acanthite, amalgam. mercury. 
cinnabar. nickeline, annabergile, galena . and minor 
pyrite. Another specimen displaying many black 
globules in association with pyrite. annabergite and 
erythrite was weakly radioactive, and EDX exami­
nation of earthy red material from this showed Fe 
and probably U. 

AMALGAM, (Ag,Hg) 
A phase containing only Ag and Hg was detected 

by EDX examination as a short discrete pla ty 
section of infill in a microfracture in calcite 
adjoining mercury-coated(?) acanthite (Fig. 3) . It is 
malleable and bright metallic in appearance, and 
consequently difficult to distinguish from the coated 

FIGURE 2. Acanthite, rounded crystal coated 
with native mercury. Field of view 0 .8 mm. 



FIGURE 3. Acanthite (AC) veinlet with a discrete 
grain of amalgam (AM), in calcite (C). Composite 
electron and backscattered electron image. Scale 
bar 0.2 mm. 

acanthite. Although this grain is referred to as 
amalgam (mercurian silver) in this paper, it is inter­
esting that a very approximate EDX analysis indi­
cated a composition of Ag 29, Hg 71 wt %, or 
Ag22Hg2 8, which is close to that of moschellands­
bergite (Ag2Hg,). Further work is needed, however, 
to determine the exact nature of this phase. 

ANNABERGITE, NiiAs04h.8Hp 
This occurs as apple green and pale green to 

yellow and whitish spherules and coatings on baryte 
with calcite, and in carbonate breccia. often accom­
panying minor nickeline and occasional pale pink 
erythrite and /or small lustrous irregular spots and 
patches of the unidentified Ni-Co-As- S phase 
described below. 

It occurs also as pale-yellow earthy balls up to 8 
cm across. These were disintegrated in water. then 
panned to remove silt and fines , and the residues 
were dried, separated on graded sieves, and exam­
ined under the microscope. (This useful technique 
has been regularly used by the author for specimen 
wash-water). The residues contained grains and tiny 
crystals of green annabergite on nickeline; magnetite 
or possibly maghemite; galena; sphalerite; tiny crys­
tals of scalenohedral calcite and doubly-terminated 
quartz; rare , blackened grains of silver: and one tiny 
spherule of interlocking crystal plates of specular 
hematite. Excepting much of the magnetic material, 
sphalerite and galena, nearly all these grains were 
below 1 mm in size. 

BARYTE, BaS04 

The literature records baryte as the principal vein 
material throughout thl! old workings, and it is also 
the main component of much of the recently recov­
ered material. It is opaque white to pale pink. mainly 

massive, and rarely lamellar. It also occurs as small 
(0.2--0.3 mm), sharp, transparent to translucent. 
randomly oriented platy crystals covering areas up 
to about 3 cm wide over the surface of much-altered 
carbonate breccia. The matrix is a breccia vein 
of intimately mixed baryte, calcite and altered 
carbonates. some being stained dark grey to black, 
and with small intermixed aggregates and crystals 
of chalcopyrite and pyrite. The degraded outer 
surfaces often show a pale green annabergite coating 
along with the black platy unidentified Ni- Co-As- S 
mineral discussed below. 

BAR YTOCALCITE, BaCa(C03)2 

This species has been identified previously from 
the site by infrared spectrometry and XRD (S. 
Moreton. personal communication). It has now been 
found as small. sharp. well-terminated colourless 
crystals « 1 mm), with witherite and hannotome, 
on one of the grassed-over dumps east of the road, 
and confirmed by infrared spectrometry. 

CIN)J"ABAR, HgS 
Cinnabar occurs as lustrous, bright coccineal-red 

aggregates «0.18 mm) dispersed randomly in the 
annabergite-galena-nickeline aggregate referred to 
under acanthite and galena. The identification was 
confirmed by EDX analysis. 

ERYTHRITE, C03(AsOJ:.8Hp 
This is noted as small, deep to pale pink to whitish 

spherules and coatings on baryte and calcite, 
frequently accompanying and bordering earthy black 
platy alteration products of Co- Ni arsenides. On 
some specimens it is often associated with annaber­
gite as a pale pink coating on baryte, and it is also 
present in onl! of the weathered quartz-dolerite 
cobbles from near the smelter site, which suggests 
that this cobble is derived from the old workings. 

GALENA, PbS 
Galena occurs frequently in both baryte and 

calcite, as individual small cube-octahedral crystals 
up to 10 mm in size, often with a dull grey to black­
ish coating, but occasionally bright grey to silver) 
in appearance where modified by dissolution. Ver) 
small cubic crystals occur with acanthite, nickeline, 
cinnabar, etc., as already described. A small aggre­
gate of galena adjacent to nickeline was seen in 
a polished section (Fig. 4) to contain a number 
of inclusions; most were sphalerite, but some 
tiny bright silvery inclusions of an unidentified 
Ni- As- S phase were also present (see below). 

HARMOTOME, (Ba,K)! iSi,AI)8016.6H~O 
This species occurs as well-fonned, closely packed 

but randomly oriented, colourless and highly trans­
parent crucifonn twinned crystals (up to 0.12 mm x 
0.6 mm) on fracture surfaces in the highly altered 
carbonate breccia vein material. Two similar but 
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FIGURE 4. Polished section of ore in reflected polarised light, showing nickeline (Ni+As) with rim of 
Ni-As- S phase, and galena (PbS) with inclusions of sphalerite (ZnS) and Ni- As- S phase, in a matrix of 
calcite and baryte (dark). Field of view 1.35 mm. 

larger crystals. with grey surface impregnations, occur 
in what appears to be a dissolution cavity. These all 
display prism re-entrants and terminations indicative 
of complex Marburg twinning. Such crystals, associ­
ated with witheriti! and barytocalcite in baryte vein 
matrix, were also collected from the grassed-over 
dump east of the road by N. Hubbard (personal 
communication) and subsequently by the author. 

MAGNETITE. Fep4 
Magnetite occurs as fresh, well-formed, lustrous 

black octahedra up to about 1.5 mm in size, as a 
major component of the quartl-doleriti! cobbles 
recovered from the excavations. Pale to dark brown, 
highly magnetic octahedral crystals of similar size 
occur in th~ w~athered cobble from the smelter site 
area and may be magnetite or possibly maghemite; 
EDX partial analysis of one such crystal indicates 
a relatively high titanium content. Much highly 
magnetic material was also recovered from the 
annabergite-ball residues. 

MAUCHERITE, Ni"Ass 
Pale copper-coloured, possibly tetragonal crystals 

occur with galena and annabergite. and also as indi­
vidual similar crystals « I mm) in the matrix. 
Cleavage surfaces suggest that these may be 
maucherite rather than nickeline. One specimen 
exhibits tiny threads up to 0.09 mm long in associ­
ation with native silver. Similar threads collected by 
S. Moreton have been confirmed as maucherite 
by P. Aspen , University of Edinburgh, using XRD 
(S. Moreton, personal communicatiun). 

MERCURY, Hg 
During SEM examination of acanthite, very tiny 

(micrometre-sized) particles were noted in close 
association with the acanthite, and were analysed as 
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native mercury. The silvery coating on some of the 
acanthite is also considered to be mercury, although 
attempts to confirm this were inconclusive. 

NICKELINE, NiAs 
Nickeline (niccolite) occurs in baryte or calcite and 

is often associated with random crystals and small 
aggregates of galena and. rarely. with small black 
lustrous globules of albertite. It forms closely 
packed , copper-coloured , sometimes tarnished or 
blackened radiating hexagonal prisms in banded 
concentric growths up to 5 mm in diameter, or 
aggregates up to 15 mm in length, both of which 
often display a silvery rim (Fig. 5a). EDX analysis 
confirmed the radial material as nickeline and the 
silvery rim as a Ni-Co-As- S phase (see below). One 
specimen showed an unusually bright and striking 
rainbow tarnish. 

SILVER, Ag 
Silver occurs only rarely, as small isolated irregu­

lar grains (up to 0.25 mm x 0.16 mm) in baryte 
associated with small octahedral crystals of galena. 
A unique specimen exhibits over forty randomly 
grown, relatively bright, curved and twist~d filiform 
crystals of silver (confirmed by EDX), up to 0.25 mm 
long and 0.02 mm wide at the base (Fig. 6). They 
are square in section and ha\ e tapering, longitudi­
nally grooved faces, suggestive of complex cruciform 
twinning or parallel growth. The wire'> cover an area 
of 4 mm x 1.6 mm on the surface of nickeline coated 
lightly by pale annabergite, in a matrix of calcite, 
and other associated species are acanthite, mercury, 
amalgam, cinnabar, galena, and albertite. 

SPHALERITE. ZnS 
Sphalerite is recorded from the Ag- Ni- Co miner­

alised zone (Heddle, 1901), but is not evident on the 



FIGURE 5. (a) Radiating nickeline (N) with rim of Ki- As- S phase (R); scale bar 0.2 mm. (b) The rim at 
higher magnification, showing microcrystalline structure; scale bar 0.02 mm. Both are back scattered elec­
tron images. 

FIG{;RE 6. Filiform native silver crystals on nickeline with annabergite. Backscattered electron image . 
Scale bar 0.02 mm. 

Royal Museum of Scotland specimens nor on the 
hand-specimens recently collected by the author. 
However, reddish-brown well-crystallised sphalerite 
is abundant in the annabergite-ball residues, both 
as cleavage fragments and as entire crystals up to 4 
mm in size; sphalerite is about three times more 
abundant than the a~companying galena fragments . 
Sphalerite also occurs as microscopic inclusions in 
galena accompanying nickeJine, as already 
mentioned. 

UNIDENTIFIED NICKEL-COBALT 
ARSENID E-SULPHIDES 

Stephenson (1983) refers to an unknown pale 
metallic phase approximating to Ni2As2S which 
forms rims around nickeline on a Heddle speci-

men in the Royal Museum of Scotland (No. 
1894.212.IS8 713) from Cairn Naple [sic], Hilderston 
Hills. EDX partial analysis of the rims 
associated v. ith the recentl y collected nickeline 
(Fig. Sa) confirms the presence of Ni , As and S along 
with minor Co. At higher magnification (Fig. Sb) an 
apparently microcrystalline structure is revealed . In 
reflected light the rim is white and nearly isotropic, 
with variations in brightness which may relate to a 
variation in composition . The same Ni- As- S phase 
appears to occur as tiny , bright silvery inclusions in 
galena adjacent to the rimmed nickeline. 

Heddle (1901) refers to the ' reud-mettle' of 
Atkinson (1619) as containing approximately 30% Ni 
and 2% Co, and cobalt is a common constituent of 
black, probably secondary material accompanying 
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nickeline and erythrite. EDX analysis of some of the 
earthy black cleavage plates indicates a high arsenic 
content varying from about 60 to 70 wt %, with Co 
about 11 - 24, Ni about 7-11, and S about 6-1 I%. The 
associated small black lustrous patches contain much 
manganese along with Co, Ni , As, S, AI and Si. 

WITHERITE, BaC03 

Witherite was found at Hilderston in 1991 by Neil 
Hubbard (personal communication) and is now 
noted from the baryte-carbonate material recovered 
along with harmotome from one of the grassed-over 
dumps east of the road. Witherite forms platy. elon­
gated , transparent to whitish. well-terminated crys­
tals «4 mm x 1.4 mm) in parallel growth. or in 
groups of transparent to whitish pseudohexagonal 
bevelled tabular crystals « I mm), and is closely 
associated with barytocalcite. 

DISCUSSION 

The native silver wires on the single recovered spec­
imen , though very small , so fittingly match the 
description of a piece of ore by Atkinson (1619): "It 
was raced with many small stringes like unto haiers 
or thredd s ... The manner how it grew was like unto 
the haire of a man's head and the grasse in the 
!ielde. ,. Since the same specimen carries black 
malleable acanthite , mercury, amalgam and 
cinnabar. this seems worthy of special note. 

Although the 'redd-mettle' (red metal) of the 17th 
century miners (Atkinson. 1619) was most likely to 
have been nickeline. the exact nature of the silver­
bearing ore remains uncertain. Contemporary 
record s referred to by Cochran Patrick (1878) indi­
cate considerable difficulties and \ ariable results in 
assaying the ore a t the Mint in the Tower of 
London. and elsewhere, for the King' ~ valuation 
assessments in 1608 . Likewise, no record~ exist 
concerning the smelting procedures used. A curious 
and as ye t unexplained observation is that EDX 
examination of slag recovered from the site showed 
only silicates of Ca, Al and Mg. and no silver, 
copper, lead, zinc or nickel. 

The presence of mercury. amalgam and radioac­
tive h'.drocarbon at Hilderston, and of amalgam 
and ti'emannite with pyrobitumen at Silver Glen, 
Alva (Livingstone. 1993). suggests a similarity in the 
mineralisation. This similarity appeab not to exknd 
to the silver ibelf. however.. since no specimens of 
lilifofln silver are known from Alva. All examined 
Silver Glen specimens exhibit either reticulated 
cubic, or branching arborescent octahedral, growth 
forms. This difference of form between the two sites 
may point to differing modes of formation of silver 

primary at Hildaston and perhaps secondary at 
Silver Glen. 
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MINERALOGY OF THE ALDERLEY EDGE 
MOTTRAM ST ANDREW AREA, 

CHESHIRE, ENGLAND 

RICHARD S.W. BRAITHWAITE 
Chemistry Department, University of Manchester Institute of Science and 

Technology, Manchester M60 lQD 

The mineral deposits in the Trias at Alderley Edge and Mottram St Andrew in Cheshire are briefly 
described and discussed, and details are given of the minerals found JI1 and reported from the area. 
The doubtful and erroneous records of minerals, so persistent in the extensive literature on tht: subject, 
are discussed, as well as the probable source of the type material of mottramite. 

INTRODl'CTIO~ 

Alderley Edge and Mottram St Andrew are villages 
in an area of scenic beauty some 20 km south of the 
centre of Manchester. The Edge itselfis a set ofNW­
trending fault scarps rising to about 200 m above 
sea level. These are part of a faulted complex of 
Triassic New Red Sandstones, the surface of resis­
tant Helsby Sandstone (Lower 'Keuper') conglom­
erates and sandstones resting on softer Wilmslow 
(,Bunter') Sandstone, which is exposed below the 
scarp, i.e. to the north-east. Some 3 km further to 
the ENE the K S Kirkleyditch fault brings the 
Helsby Sandstone series to the surface again at 
Mottram St Andrew. 

The copper-rich deposits in this area, being 
exposed at the surface and colourful, were probably 
worked in very early times. Clearly substantiated 
evidence for this is lacking, however, though a 
considerable number of stone hammers, which might 
have been used for mining, have been unearthed in 
copper-mineralised surface pits (Boyd-Dawkins. 
1875, 1876). The first documentary evidence of 
mining relates to 1693, from when the mines were 
worked intermittently to 1919. The most intensive 
operations were conducted between 1857 and 1877, 
at which time the copper was being extracted by an 
acid leaching process. Smaller amounts of concen­
trates of lead, cobalt, and vanadium minerals were 
also produced (Dewey and Eastwood, 1925). For a 
detailed accoun t of the history of these mines, as well 
as a description of the surface remains and under­
ground workings, see Carlon (1979) and also 
Warrington (1981 ) and Thompson (1991). 

MINERALISA TIO!\' 

With the exception of baryte fault in-fillings, which 
penetrate all the beds, the mineralisation is mainly 
confined to the Helsby Sandstone series at the top 
of the Edge and at Mottram St Andrew, with only 
a little in the topmost part of the Wilmslow 
Sandstone. Within the Helsby Sandstone series the 
mineralisation tends to be restricted to the more 

porous conglomeratic and arenaceous horizons, in 
what look like syngenetic green bedding-plane 
disseminations, mainly of malachite, which may 
extend to a considerable distance from the miner­
alised faults, but are associated with them. Some 
faults are richly mineralised within this series, galena 
being a major constituent in some; an isotope date 
of 210 ± 60 million years for galena from the Engine 
Vein fault (Moorbath. 1962) is now considered 
doubtful. These Triassic beds are exposed over a 
wide area in the Welsh borderland counties, includ­
ing Salop (Shropshire), Staffordshire and 
Worcestershire as well as Cheshire. Similar miner­
alisations on a smaller scale occur at many scattered 
places throughout this area, for example at Clive, 
Grinshill, Hawkstone Park, Pim Hill and West 
Felton in Salop, and Peckforton in Cheshire 
(Holmes et al., 1983; ~ aylor et al., 1989). 

The major mines and mineralised localities 
at Alderley Edge are named on the map (Fig. I ), and 
a full list with grid references is given in Table I. 

The mechanism of the mineralisation is contro­
versial. having been described as syngenetic (e.g. 
Rudler, 1905; Dewey and Eastwood, 1925), or 
mixed (Mohr, 1964; Ixer and Vaughan, 1982), but 
is generally regarded nowadays as epigenetic (e.g. 
Taylor et al., 1963; Warrington, 1965) and origi­
nating from saline basin brines (Naylor el al., 1989). 

The mines have been described in a number of 
publications, covering mainly the geological and 
mining aspects of the area, with mineral species 
usually being dealt with as lists (Higgs, 1858; 
Greenwell , 1864; Hull , 1864; Hull and Green. 1866: 
Dewey and Eastwood , 1925; Paxton, 1951; Eagar 
and Broadhurst, 1959; Jones, 1961; Taylor et al., 
1963; Mohr, 1964; Warrington, 1965; Thompson, 
1970; Carlon, 1979; Warrington, 1981; Thompson, 
1991). The only systematic mineralogy, albeit 
confined to the primary sulphides, is that of Ixer 
and Vaughan (1982). 

MI~RALS 

Despite their fame, these mines are not known for 
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FIGURE 1. Outline map showing the main 
mineral localities at AlderJey Edge. Mottram St 
Andrew mine is 1.25 km east of Saddlebole mine. 

TABLE I. List of mines and other mineral local­
ities, with National Grid Reference~ in square S1. 

Brynlow (Brinlow) mine 855 772 & 856 773 
Castle Rock 856 779 
Church quarry 859 774 
Doc mine, Stormy Point 861 778 
Engine Vein (NW- SE) 860 775 
Hough level from 862 778 to near 852 775 
Kirkleyditch quarry, Mottram 875 784 

(no~ built over) 
Mottram St Andrew mine 873 783 
New Venture mine and level 852 776 
Opencast mine 1)61 777 or 855 773 
Pillar mine, Stormy Point 861 778 
Red Moulding Sand quarry 861 783 
Saddlebole mine, Stormy Point 860 782 
Scout level runs west from 852 775 
Stormy Point 86 77 
Twin shafts. Stormy Point 860 779 
West mine 851 776 
The Wizard of the Edge (hotel) 859 773 
Wood mine 855 776 
Yard mine. AlderJey Edge 

unplaced, 85 77 or ~6 77? 

spectacular mineral specimens, for although many 
colourful, attractive and rare species occur, they are 
mostly found as fine-grained disseminations and 
tiny sub-millimetric crystals between the grains of 
sandstones, and well-crystallised hand specimens 
are quite exceptional. Detrital minerals (the normal 
sedimentary rock constituents) have been excluded 
from this account. 
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A significant problem when listing minerals from 
this area is that a number of species have been 
reported in the past on the basis of dubious and 
unconfirmed identifications. An example is the 
assumed presence of copper arsenates in impregna­
tions on the basis of colour and chemical detection 
of copper and arsenic in the bulk specimen. 
Similarly, langite and copper-stained gypsum on 
museum specimens have been labelled 'caledonite' 
from visual identifications. Prior to any analysis, 
pure material must be isolated from the specimen, 
and this is often difficult to do when dealing with 
impregnations such as those in this area. 

Sulphide ore minerals are almost completely 
confined to the fault-veins and, although galena is 
common, especially in Engine Vein, other sulphides 
are much less so, even those of copper, iron and 
zinc, partly through having been oxidised. The ore 
mineralogy has been studied in detail by Ixer and 
Vaughan (1982). and its minerals are believed to be 
the precursors to the numerous secondary minerals. 
Supergene minerals, in fact, dominate the mineral­
ogy, and include a number of rare species. 

Some specimens from the area, when stored, are 
peculiarJy prone to develop dark mossy-looking 
corrosion growths on highly specific patches. Their 
formation may be connected with the presence of 
native sulphur with the galena, and is probably 
accelerated by damp conditions. Some of the 
growths look like covelline and may well be so, as 
covelline has been detected among growths of 
similar appearance on specimens from Red Gill, 
Cumbria (M. Wirth, personal communication). 

THE MOTTRAMITE QCESTIOl\ 

The only species for which the area has been 
claimed to provide the type locality is mottramite, 
PbCuVOiOH) (Roscoe, 1~76), v-hich is named after 
Mottram St Andrev-, and the type material of which 
may have been collected from the processing plant 
dumps there. This plant, howe\Cf, processed ore 
from other localities, too, including Pim (Harmer) 
Hill (S1 486 201), 8.5 km north of Shrewsbury, 
Salop, and Kingsbury (1956) pointed out that the 
sandstone matrix of the type material is more like 
that from Pim Hill than that from Mottram or 
Alderley Edge. Sir Arthur Russell had found similar 
material in situ at Pim Hill (Bannister, 1933). 

More recently, arsenatian mottramite in the form 
of thick dark brown botryoidal crusts on sandstone 
has been found in situ underground at Mottram. 
This appears to be the only mottramite available 
now that can be assigned with certa inty to Mottram 
St Andrew. It does not resemble the type material 
in mineral appearance, matrix or composition (e.g. 
specimens RSWB 91 - 11, GR 82- 3 and 82-4, 
collected by P. Ward and passed on by R.W. 
Barstow and ~. Hubbard: and similar specimens in 
the ;-.JHM). The site of thi~ find. in the northern part 



of the Mottram mine, is described by Ward (1982), 
though when his article was written, vanadium 
minerals had not yet been detected there. 

Roscoe's papers (1868, 1876) on vanadium miner­
als are somewhat ambiguous; in the 1868 paper he 
suggested vanadinite as the source of the vanadium 
"in some of the copper bearing beds of the Lower 
Keuper Sandstone of the Trias. worked at Alderley 
Edge and Mottram St. Andrew"; in the 1876 paper 
he describes the source of the vanadium as a new 
mineral, which he named mottramite, forming an 
"incrustation on Keuper Sandstone found at Alderley 
Edge and at Mottram ... and at other localities". The 
author has a specimen (RSWB 65- 46) from an old 
bottle labelled 'Vanadium ore from Alderley Edge' 
found in the Chemistry Department at Manchester, 
where Roscoe was Professor of Chemistry, which 
displays a thin crust of olive-green mottramite on a 
pale sandstone matrix resembling that from Pim Hill, 
and which is probably part of Roscoe's original (i.e. 
cotype) material. So is Mottram the type locality. or 
merely the name locality? 

The infrared spectra of these mottramites (Fig. 2) 
fall into two groups: those of Roscoe's material (off 
RSWB 65-46) and of a sample from Pim Hill (off 
GR 58-72, donated by A.W.G. Kingsbury) are 
virtually identical with each other, and agree with 
the pu blished spectrum of mottrami te (Von Rahden 
and Dicks, 1967); those of the recent material from 
Mottram (off GR 82-3 and RSWB 91 - 11) are 
distinctly different, and agree with spectra of 
samples from elsewhere known to be intermediates 
between mottramite and the arsenate analogue. 

Wavenumber, cm·1 

FIGURE 2. Infrared spectra of mottramites. 1: 
Dark olive-green crust off RSWB 65-46, from 
Roscoe's laboratory. 2: Dark brown crust off 
RSWB 91 - 11 , collected in situ from Mottram mine. 
(Fourier Transform spectra, measured on Nujol 
mulls between KBr plates). 

a-duftite (R.S.W. Braithwaite and G. Ryback, 
unpuhlished work). Arsenate and vanadate absorp­
tions appear in the same regions of the spectrum, 
and are difficult to distinguish from each other. 
However, the strong shoulder near 767 cm I on the 
side of the V -0 stretching absorption at 723 cm I in 
spectrum 2 (Fig. 2) can be assigned to As-O stretch­
ing. and corresponds to the strong absorption near 
760 cm 1 in spectra of a-duftite. 

Analytical data are summarised in Table II. 
Roscoe's chemical analysis of his mottramite (analy­
sis 2) indicates the presence of a small amount of 
zinc, but only traces of arsenate (Roscoe, 1876). 
More recent chemical and microprobe analyses of 
mottramites from Pim Hill (analyses 5- 6) and of the 
material from Roscoe's laboratory (analysis 4) are 
very similar, with little arsenate, and some zinc. An 
EDX analysis of the recent material from Mottram 
(analysis 7) shows appreciable arsenate to be 
present. with a corresponding reduction in the 
proportion of vanadate, and negligible zinc: this 
confirms its identification as arsenatian mottramite 
by infrared spectrometry. 

Seven XRD patterns at the NHM, three early ones 
of samples off BM 52314 from Roscoe's 'Mottram' 
material (presented by Roscoe in 1879), the others 
from 'Pim Hill ' , 'Harmer Hil)", and 'Shrewsbury', 
are all listed as 'mottramite' as distinct from 'near 
mottramite' or 'mottramite-duftite'. A ticket with 
specimen BM 52314 indicates that a qualitative 
analysis in 1929 of a sample of the crust found Pb. 
Cu and V to be present, and Cr and phosphate to 
be absent, and the sample was concluded to be 
'psittacinite' (i.e. mottramite, see below). 

Thus Roscoe's mottramites from 'Mottram' are 
very similar to those from Pim Hill in terms of phys­
ical appearance, matrix, infrared spectra and 
composition, whereas the material recently found 
in situ at Mottram is clearly different in all these 
respects. The evidence so far favours Kingsbury 's 
(1958) suggestion that Roscoe's type material is 
more likely to have come from Pim Hill than from 
Mottram St Andrew. 

The argument is further complicated by the fact 
that, although Roscoe's material is generally 
accorded type status, the same mineral had been 
reported earlier (and even analysed reasonably well) 
from several foreign localities, and published under 
various names, e.g. 'vanadate of lead and copper' 
in 1848, renamed 'chileite' in 1853; 'psittacinite' 
analysed in 1876 (published one month after 
Roscoe's): and. less well characterised, 'cuprovana­
dinite' in 1869 and the later 'vesbine' in 1879 (for 
details, analyses and references see Dana. 1892). All 
were subsequently shown to be identical with 
mottramite (e.g. Bannister, 1933). :-.Jote that 
Greenwood (1919) reports psittacinite as well as 
mottramite from the Alderley Edge area. 

In his 1876 paper Roscoe describes another new 
mineral, a vanadium mica <;ubsequently named 
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TABLE II. Analyses of mottramites, recalculated to wt % elements. 

2 3 4 5 6 7 

Pb 51.5 47 .3 52.1 50.9 50.5 Major Major 
Cu 15 .8 15.3 16.8 15 .8 15.4 :vtajor Major 
V 12.7 9.6 10.6 13.8 12.1 Major Major* 
H,O ~ . 24 3.6 4.0 n .d . 2.2 n.d . n .d . 
As Trace ** Kil n.r. Minor 
Zn Minor U.14 0.56 Trace n.r. 
P n.d . n .d . nJ. nJ. 

n.d . = not determined . nJ. = not found . 
* = major, but less than in analysis 6. 
** = a small amount of As detected in analysis 4. not quantifiable with the e4uipment available. 
I. Theoretical for PbCuVOiOH). 
2. Roscoe (1876) . average of two analyses, as determined (other minor constituents omitted). 
3. Roscoe (1876), analysis 2 after deduction of impurities . 
4. Microprobe analysis by D . Plant of sample off RSWB 65-46 (specimen from Roscoe's laboratory). 
5. \1ottramite, Pim Hill, Salop. Chemical analysis by M .H . Hey in Bannister (1933), after deducting Si 

and Fe attributed to admixed sandstone. 
6. Mottramite, Pim Hill, Salop; off GR 58- 72 ex A .W .G . Kingsbury. EDX analysis by R.N . Pillinger. 
7. Mottramite, Mottram St Andrew; off GR 82- 3, ex R .W . Barstow . EDX analysis by R .N . Pillinger. 

roscoelite, from California, with no suggestion that 
it occurred in Britain. Nevertheless roscoelite has 
appea red in lists of Mottram and AJderley Edge 
minerals' 

LIST OF MIl'ERALS 

The following is a catalogue of minerals that occur, 
or have been claimed to occur, at Alderley Edge and 
Mottram St Andrew. In each case, only the earliest 
of the references found is normally quoted. in the 
interests of simplicity . The following abbreviations 
a re used in this section: 

AE 

M 
EV 
SP 

XRD 
IR 
f])X 

NH\1 

= From unspecified localities at 
Alderley Edge . 

= From Mottram St Andrew. 
= From fngine Vein, AlderJey Edge . 
-- hom unspecified localities in the 

Stormy Point area . AlderJey Edge. 
= Powder X-ray diffraction. 
= Infrared spet:trometry. 
- \1icroprobe analysis by energy­

disper<;ive X-ray spectroscopy. 
= ~atural History Museum, for ­

merly British Museum (Natural 
History) . 

(RSWB, y ear) = Identified by the author in the year 
specified. and usually quoted in 
\arious publications. 

ANGLESITE, PbS04 (Rare) 
First reported by Eagar and Broadhurst (1959) 

from EV. where it is found as colourless elongated 
blades (RSWB, 1960): from WooJ mine. with 
wulfenite (RSWB, 1972). 
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ANTLERITE, Cu3SOiOH)4 (Very rare) 
A greenish crust from a baryte gozzan near the 

surface at the north-west end of the Engine Vein 
rift. associated with posnjakite and langite (RSWB. 
1967) was shown to contain antlerite by XRD at the 
NHM and subsequently also by IR. 

ASBOLANE, (Co,~i), )(MnOch ,(OH):, :,) :".nHp 
(Common) 

Black, sooty-looking patches of manganese 
oxides, frequently carrying cobalt, etc., occur 
sporadically throughout the mineralised parts of the 
area. and are said to be particularly abundant in an 
old level recently excavated near The Wizard of the 
Edge . Reported from AE, :vi, EV, SP, :-Jew Venture 
mine, Opencast mine, West mine, and Wood mine. 
First recorded from AE in 1811 by Sowerby as 
'black oxide of cobalt', by Holland as 'cobalt ore' . 
anJ by Farey as 'cobalt' ; as ' asbolane' from AE by 
Greg and Lettsom (1858); and from \1 as 'cobalt 
ore' by Hull (1864) and as ' asbolite' by Warrington 
(1965). A qualitative EDX analysis of a black shiny 
botryoidal sample from M , accompanying arsenat­
ian mottramite, indicates the presence of major Mn 
and Co. and minor Fe, Cu, Pb, Ba, and possibly Ki 
(G . Ryback. personal communication) . 

ACRICHALCITE, (Zn,Cu)5(C03MOH)6 (Very rare) 
Tiny amounts of typical pearl) blue-green radiat­

ing blades, containing zinc, copper and carbonate 
were found, with hemimorphite, in Wood mine 
(RSWB. 1974). 

AZURITE, CU3(C03MOHh (Common) 
Deep blue impregnations of azurite, and occa-



sionally small crystals, less than I mm long and 
often in rounded aggregates , are common in the 
mineralised parts of the area. Azurite is associated 
with malachite, and can be seen in outcrops. 
Recorded from AE (Greg and Lettsom, 1 R58); M 
(Hull, 1864); EV and SP (Eagar and Broadhurst, 
1959); Doc mine (RSWB, 1962); :'\1e\\ Venture 
mine and West mine (Warrington, 1965); Opencast 
mine (Thompson, 1970); and Wood mine (RSWB, 
1960; Mohr, 1964). Blue nodules up to 1 cm 
across occur in a marl band at EV (Dewey and 
Eastwood, 1925), and are rich in azurite (see under 
chrysocolla). 

BAR YTE, BaS04 (Common) 
Ubiquitous throughout the area , a:, colourless to 

pinkish (iron-stained) vein fillings and small platy 
crystals: recorded from AE, M , EV, SP, Castle 
Rock, Church quarry, Doc mine, New Venture 
mine, Opencast mine, Red Moulding Sand quarry , 
Twin shafts, West mine and Wood mine. The first 
record found is that from AE by Holland (1811); 
mentioned in most rekvant publications. 

BEAVERITE. Pb(Cu.Fe1 ,AlMS04hCOH)6 (Rare) 
A number of specimens in the NHM from AE, 

presented by Professor F . Hodson, have been shown 
to contain beaverite by XRD over the period 
1966- 1972 (J .G . Francis, personal communication). 

BEUDANTITE, PbFe3- 3(As04)(S04)(OH)6 
(Very rare?) 

A specimen from AE was identified by XRD at 
the NHM as 'near beudantite' in 1972. Beudantite 
is reported by M.S. Skwarnecki in a Newsletter 
of the Peak District Mines Historical Society 
(March 1980) as a pale greenish-yellow to brown­
ish-yellow coating on iron-stained barytic sand­
stone: this was collected in 1976 from SP and 
identified by XRD. 

BITUMINOUS MINERALS 
\1ohr (1964) describes a 'dark carbonaceous sand­

stone' from SP containing high concentrations of 
ten different metals. Brownish-black oily stains are 
not uncommon on specimens from Doc mine. 

BORNITE, Cu5l-eS4 (Common) 
This was first reported from AE by Mohr (1964). 

The Manchester Museum holds specimens labelled 
'bornite with galena' without evidence of identifica­
tion. Listed from EV and SP by Warrington (1965) 
and Thompson (1970). Confirmed from AE by Ixer 
and Vaughan (1982) as an alteration product of 
chalcopyrite. 

BRA VOITE (nickeloan pyrite), (Fe,Ni)S2 
(Uncommon?) 

Bravoite occurs with other sulphides at EV, SP 
and Wood mine, sometimes in crystals up to 0.08 
mm across (Ixer, 1978; Ixer and Vaughan, 1982). 

BROCHANTITE, Cu4SOlOH)6 (Uncommon) 
This \\as first identified, by IR (RSWB, 1964), in 

green crusts on material collected from EV by Don 
Hyde; good crystals, up to 0.2 mm in size, were 
found there subsequently. Minute crystals were 
found with wulfenite in Wood mine (RSWB, 1972). 
and rich impregnations of good bright green crys­
tals were found by the author and ="Iigel Hoppe in 
Doc mine in 1979 (Fig. 3) . 

CALCITE, CaC03 (Rare?) 
Noted from a sandstone bed at AE by Hull (1864) 

and from EV by Dewey and Eastwood (1925). 

CALEDO="IITE, Pb5Cu2(COJ)(S04>iOH)o 
(Doubtful) 

Caledonite was reported from EV by Eagar and 
Broadhurst (1959). Two supposed caledonite speci­
mens in Manchester Museum, presented by W.O. 

FIGlRE 3. Brochantite crystals on and between rounded sandstone grains; the needles are malachite. 
Doc mine. Stormy Point. (RSWB 79- 123). SEM photograph by D. Plant. Scale bar 0 .1 mm. 
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Prince, were examined by the author in 1967: 
N .2499 has light blue. very soft , inhomogeneous 
impregnations with gypsum, and so is probably 
copper-stained gypsum; N .2503 has light blue crys­
tals of langite, associated with Iinarite and anglesite. 

CER CSSITE, PbCO~ (Common) 
First recorded from AE as 'white ore' (Farey, 

1811), and from M as 'carbonate of lead' (Hull , 1864), 
Cerussite occurs at EV (Eagar and Broadhurst, 1959), 
occasionally in good crystals of various habits, 
including tabular, quartz-like prismatic, and silky 
rod-like. occasionally up to 7 mm long (RSWB, 
1960); also at SP (Mohr, 1964). Pea-sized nodules of 
'carbonate of lead' were found at the mouth of New 
Venture level (Dewey and Eastwood, 1925). From 
Opencast mine in conglomerate (Thompson, 1970). 
Listed from West mine (Eagar and Broadhurst, 1959) 
and Wood mine (Mohr, 1964). 

CHALCOCITE. Cu2S (Uncommon) 
This was first reported from AE by Greenwood 

(1919); it is listed from EV by Warrington (1965). 
Chalcocite has been confirmed at Wood mine (R.A. 
Ixer, personal communication , 1971), but djurleite is 
mon.: common in the area (Ixer and Vaughan, 1982). 

CHALCOPYRITE, CuFeS2 (Common) 
Reported from AE as ' towanite' by Hall (1 868), 

from EV bj Eagar and Broadhurst (1959), from SP 
by Warrington (1965), from West mine (RSWB. 
1975), and from Wood mine (Ixer and Vaughan , 
1982). 

CHR YSOCOLLA, (Cu,Al)2H2Sip5(OH)4.nH:O 
(Common) 

Reported as 'silicate of copper' in rounded azuritic 
nodules from EV by Dewey and Eastwood (1925); 
these blue nodules, up to 1 cm across and embedded 
in a marl band, were examined by Chesworth (1960), 
and found to contain only sil ica, azurite and mala­
chite. Green crusts from EV were found to be chryso­
colla by IR (RSWB. 1960). Chrysocolla is listed from 
AE by Mohr (J 964) and from SP by Warrington 
(1965) . At one place in an underground level in Wood 
mine a wall is coated with a magnificent bright green 
rippled crust of chrysocolla, confirmed by IR 
(RSWB, 1960; listed by Warrington, 1965). From 
West mine (RSWB, 1975). It is also a common alter­
ation product of tyrolite (see below). 

COBALT MINERALS, unspecified 
Farey (1811 ) mentions 'cobalt ' from AE. and Hull 

(1864) mentions 'cobalt ore' from M. These and 
other references to cobalt ore normally denote 
asbolane, although other cobalt minerals also occur 
in the an.:a. 

COBAl TITE, (Co,Ni)AsS (Unconfirmed) 
A mineral similar in composition to nickeliferous 
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cobaltite is reported from AE, EV and SP by Ixer 
and Vaughan (1982) . 

CONNELLITE, CU I9CliS04)(OH)32.3Hp (Very 
rare, unconfirmed) 

Tiny, royal blue, silky, radiating spherules with 
the typical appearance of connellite were found. 
associated with langite. in a baryte gozzan near the 
surface at the NW end of the EV rift (RSWB. 1969). 

COPPER, Cu (Rare) 
Farey (1811), Neil (1908) and others have reported 

'copper' from AE, but probably meant copper ore 
rather than the native metal. Beautiful arborescent 
native copper in clusters up to about 3 mm in 
size was found in a baryte gozzan at the NW 
end of the EV rift, with cuprite, langite and other 
species (RSWB, 1967; listed by Thompson, 1970; 
see Fig. 4). 

COPPER ARSE~A TES, unspecified 
Dewey and Eastwood (1925) quote a bulk analy­

sis of copper ore from EV and conclude that it is a 
mixture of 'arseniate' and other copper compounds . 
Chesworth (1960) notes that a specimen in 
Manchester Museum was labelled 'copper arsenate' 
on the strength of Cu and As having been detected 
in it before donation . Copper arsenates, "probably 
olivenite and enargite" , are also referred to by 
Warrington (1965), while Eagar and Broadhurst 
(1959) note "a mixture of cerussite and copper arse­
nate, or a mixture of arsenates" in the West mine 
opencast. See also under liroconite. 

COPPER MINERALS, unspecified 
'Copper' or 'copper ore' has been reported from 

the AE and M areas since the earliest publications 
(e.g. Farey, 1~1 1; Holland, IXll). Malachite is the 
main copper ore. 

COVELLINE, CuS (Common) 
Found as blue films on galena, with characteris­

tic reflection pleochroism, from EV (RSWB, 1964); 
confirmed by XRD at the ~HM in 1971 . It is 
common in coatings on sulphides throughout the 
area (lxer and Vaughan, 1982) . 

CUPRITE, Cu)O (Rare) 
Listed by Tho-mpson (1970) from EV, having been 

found there by P. Robinson . Beautiful crystals, 
including octahedra up to 0.5 mm across, were 
found with and on the native copper from the NW 
end of the F.V rift (RSWB, 1967; see Fig. 5). 

CY A~OTRICHITE, CU4AI:SOiOH)1 2.2Hp (Very 
rare, unconfirmed) 

A thin sky-blue gel from the footwall at the NW 
end of the EV opencast has radiating crystals in 
places with the appearance of cyanotrichite, and 
similar to it in optical properties. An infrared spec-



FIGLRE 4. Native copper, bushy mass partly encrusted with cuprite crystals. in cavity bounded by baryte 
blades. Engine vein. (RSWB 67- 78). SEM photograph by D. Plant. Scale bar 0.1 mm. 

FIGVRE 5. Cuprite octahedra. some truncated 
with cube faces. Engine vein. (RSWB 67 ·78). SEM 
photograph by D. Plant. Scale bar 0.01 mm. 

trum was very weak owing to the small sample 
size, but showed some similarities with that of 
cyanotrichite. 

DJlIRLEITE. CU,ISI6 (Common) 
This is the main secondary copper sulphide at 

AE, chalcocite being minor (Ixer and Vaughan, 
1982). 

ENARGITE, Cu3AsS4 (Probable error) 
AE ores are a mixture containing arsenates and 

other copper compounds, according to Dewey and 
Eastwood (1925). who report a bulk analysis. 
Warrington (1965) quotes this as "coppa arsenates. 
probably olivenite ami enargite". (Enargite is not 
even an arsenate!) 

ERYTHRITE, CoiAsOl)2.8Hp (Very rare) 
First suggested by Sowerby (1811) as 'cobalt 

bloom of a crimson cast', betraying 'black oxide 
of cobalt'. 'Cobalt bloom' was noted from AE by 
Taylor et al. (1963) and erythrite was specifically 
listed by Mohr (1964). Specimens of erythrite from 
Wood mine were presented to the ~HM 
by W.O. Prince in 1958 (e.g. BM 1958,759), and it 
can be found in the workings as small radiating 
aggregates of pink blades. Listed from EV and SP 
by Warrington (1965) and Thompson (1970). 

GALENA, PbS (Common) 
'Lead' or 'lead ore' , presumably galena, was 

reported from AE by Farey (1811) and Holland 
(1811). Galena was listed from M by Warrington 
(1965), and first reported from EV and West mine 
by Eagar and Broadhurst (1959), from SP and New 
Venture mine by Warrington (1965), from Opencast 
mine by Thompson (1970) and from Wood mine by 
Mohr (1964), A specimen in the former Geological 
Museum collection (now in the NHM) is labelled as 
from Yard mine. 

GERSDORFFITE, )J"iAsS (Cncommon?) 
Optically zoned gersdorffite with variable contents 

of Ni, Co and Fe, and enclosing bravoite, occurs at 
AE (EV and SP assumed) (Ixer and Vaughan, 1982). 

GOETHITE, FeO(OH) 
Only present as limonite, q.v. 

GYPSCM, CaS04.2Hp (Common) 
Efflorescences and coatings of gypsum are not 

uncommon at AE, and were noted by Mohr (1964). 
Listed from EV (Thompson, 1970), and identified 
from EV by IR (RSWB. 1967). 

HEMIMORPHITE, Zn4SiPl OH)2.Hp (Very rare) 
Small radiating sheaves of blades collected in 1965 
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from EV were confirmed as hemimorphite by IR 
(RSWB. 1972); colourless sheaves were also found 
in Wood mine, with aurichalcite (RSWB, 1974). 

HETEROGENITE, CoO(OH) (Unconfirmed) 
A single specimen of black botryoidal heterogen­

ite on sandstone. collected in 1963 from AF by 
A.W.G. Kingsbury, is in the NHM and has been 
mentioned recently (Ryback and Tandy. 1992). No 
similar material has been reported since. and there 
is some doubt about the locality . 

IDAITE, Cu)FeSl?) (Rare) 
At AE chalcopyrite sometimes alters to "a brown 

anisotropic mineral with properties close to those of 
'idaite '" (Ixer and Vaughan, 1982). 

JAROSITE, KFe3- 3(S04h(OH)6 (Uncommon) 
Yellow to brownish microcrystalline to powdery 

jarosite was found in conglomerate associated with 
galena from the EV rift , and identified by IR 
(RSWB. 1971). Probably widespread in admixture 
with other minerals. 

LANGITE, Cu4SOiOH)6.2Hp (Rare) 
Langite sometimes accompanies the linarite 

from EV, and has been confused with caledonite: 
it has been confirmed by IR and by XRD. A few 
crystals. remarkably fine for the species. let alone 
for this locality, were found as deep blue­
green. transparent, equant pseudo hexagonal twins 
and twin-clusters of blades up to 3 mm long, in 
baryte gozzan near ground level at the ':'lW end 
of the EV rift, accompanied by other species 
(RSWB, 1967). 

LAVENDULAN, NaCaCus(As04)4C1.5Hp (Vl!ry 
rare, unconfirmed) 

Traces of microscopic needles in clusters. similar 
in appearance and associations to lavendulan. were 
found with erythrite in Wood mine in 1963 (RSWB). 
It requires confirmation . 

LEADHILLITE, Pb/S04)(C03>z(0Hh (Very rare) 
Colourless to very pale greenish, pearly, hexago­

nal short prismatic crystals up to U.4 mm across, 
often in complex aggregates, were found with cerus­
site, anglesite and pyromorphite in altered galena at 
EV (RSWB, 1964); confirmed by fR. 

LIBETHENITE, CU2P04(OH) (Doubtful) 
'Phosphate of copper' was reported from EV by 

Berruti (in Hull and Green, 1866), and Dewey and 
Eastwood (1925) quote an analysis of bulk ore from 
AE, concluding that it is a mixture containing, among 
other things, arsenate and phosphates of copper. 
Greenwood (1919) was the first to list libethenite (one 
of the many known copper phosphates), and this has 
been copied by later authors. The occurrence must 
be considered doubtful until confirmed. 
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LIMO~ITE (Common) 
Ubiquitous throughout the mineralised parts of 

the area, usually in the gozzan resulting from the 
oxidation of iron-bearing sulphides. Seemingly first 
reported as 'oxide of iron ' by Hull (1864) and as 
' limonite' by Mohr (1964). 

LINARITE, PbCuSOiOHh (Rare) 
First reported by Eagar and Broadhurst (1959) 

from EV, and from Wood mine by Thompson 
(1970). Royal blue blades up to 0.5 mm long, and 
occasionally tabular crystals, have been found by the 
author from 1960 onwards, associated with altering 
galena, cerussite, anglesite, pyromorphite, brochan­
tite and langite, from EV and also from Wood rrUne. 

LIROCONITE. Cu2AIAsOiOH)4.4HP (Doubtful) 
A specimen from AE, presented by A. Russell, 

used to be on display in the Economic Minerals 
gallery in the Geological Museum, London, labelled 
"Conglomerate impregnated with azurite and mala­
chite. Arsenic is probably present as liroconite"; the 
corresponding catalogue card (11501) states " sand­
stone impregnated with azurite and arsenates of 
copper", without mentioning liroconite, or any 
analytical evidence. This specimen is the source of 
the liroconite said to be from EV given in 
Warrington (1965) . Even if copper arsenates are 
present, Iiroconite is only one of many possibilities . 

MALACHITE, Cu2COlOHh (Common) 
Ubiquitous throughout the mineralised parts of 

the area; green disseminations, mainly following 
bedding planes, are common in outcrops, and 
normally consist of malachite. It is the main copper 
ore . First specified from AE by Greg and Lettsom 
(1!:I58), and from M as late as 1965 (Warrington), 
though Hull (1864) notes 'green carbonate of 
copper' there. Eagar and Broadhurst (] 959) report 
it from EV and West mine, \1ohr (1964) from SP 
and Wood mine, Warrington (1965) also from ~ew 
Venture mine. and Thompson ( 1970) from Opencast 
mine. The author has confirmed it additionally from 
specific localities at SP: Doc and Pillar rrUnes ( 1962), 
Twin shafts (1971). The best specimen material 
comes from cavities in EV (see Fig. 3); even dissem­
inations can be attractive, especially when azurite is 
also present. 

MA'l\fGANESE MINERALS. unspecified 
The first records of 'manganese' from AE seem to 

he those of Fare) (1811) and Sowerby (1811). See 
also asbolane and wad. 

MARCASITE, FeS:, (Very rare) 
Traces were found with other sulphides at EV and 

SP llxer and Vaughan, 1982) . 

MASSICOT, PbO (Doubtful) 
Reported by Greenwood (919) from AE, and the 



locality specified as EV by Thompson 11970). Must 
be considered as doubtful until confirmed. 

MELA~TERITE. var. pisanite, (Fe.Cu)S04·7Hp 
(Cncommon) 

Found as blue-green efflorescences on old work­
ings at EV (Eagar and Broadhurst, 1959). 

MIMETITE, Pbs(As04,P04hCI 
See below under pyromorphite. 

MIKIUM, Pb,04 (Very rare) 
Recorded from EV by Thompson (1970). 

Specimens from here are preserved in the Arthur 
Russell Collection in the NHM. 

MOTTRAMITE, PbCu(V04,As04)(OH) (Rare) 
The occurrence of mottramite in the area was 

discussed in an earlier section. 

OLIVENITE, Cu2AsOiOH) (Very rare) 
Recorded from AE by Warrington (1965), who 

refers to Dewey and Eastwood's (1925) report of 
mixtures containing copper arsenate. Listed from 
EV and Wood mine by Thompson (1970). 
Specimens of olivenite from Wood mine. associated 
with erythrite and tyrolite, were presented to the 
NHM in 1958 by W.D. Prince. 

OSARIZA WAITE, PbCuAliS04MOH)6 (Very 
rare?) 

This has been identified by XRD at the NHM in 
1970 on an enquiry specimen from AE, consisting 
of a yellowish-green crust on, and impregnations in, 
sandstone. 

PARARAMMELSBERGITE, (Ni,Co)As2 (Rare?) 
A nickel diarsenide with approx. 5 wt % Co, 

and with the optical properties of pararammels­
bergite, was detected as inclusions in the probable 
nickeliferous cobaltite from AE (EV and SP assumed 
from the context) (Ixer and Vaughan, 1982). 

PHARMACOSIDERITE, 
KFe3+i As04h(OH)4.6-7HP (Very rare) 

Orange-brown cubes up to 0.2 mm across 
(confirmed by XRD at the NHM) were found near 
surface level at the NW end of the EV rift. in a 
baryte gozzan with antlerite, langite, posnjakite, 
native copper and cuprite (RSWB. 1967). 

PLANCHEITE, CusSisOn(OH)4.Hp (Very rare) 
A single, matrix-free, sky-blue, compact radiating 

broken spherule of plancheite several mm across, 
collected in 1963 from AE by A.W.G. Kingsbury, 
is in the NHM. A similar but less compact matrix­
free specimen , 3 mm x 3 mm x 2 mm in size, was 
collected by Stuart Clark from the SE end of the 
EV rift in 1976 and was presented to the author 
(specimen RSWB 76-149). 

POSNJAKITE, Cu4SOiOHkHP (Very rare) 
Thin blue crusts containing posnjakite (identified 

by XRD at the NHM), antlerite, langite, pharma­
cosiderite, copper and cuprite, were found in a 
baryte gozzan near surface level at the NW end of 
the EV rift (RSWB, 1967). 

PYRITE, FeS2 (uncommon?) 
Recorded from AE (Mohr, 1964), EV and SP 

(Warrington, 1965), and from Wood mine (Ixer and 
Vaughan, 1982). See also bravoite. 

PYROMORPHITE, Pbs(P04,As04hCl (Common) 
First reported from AE in Rudler (1905), then by 

Chesworth (1960) and Mohr (1964); from EV by 
Mohr (1964); from SP and M by Warrington (1965). 
The author and George Ryback have studied the IR 
spectra of many specimens from the area from 1960 
onwards, and have found that a wide range of 
compositions in the pyromorphite-mimetite series 
occurs, from virtually arsenate-free pyromorphite 
(e.g. RSWB 71-60 from Doc mine) to phosphatian 
mimetite with a P:As ratio near 1:3 (RSWB 60-77 
from EV, associated with wulfenite), with wide vari­
ations within individual localities. As yet no end­
member or near end-member mimetite has been 
detected. No correlation between composition and 
appearance, including colour, is evident. Thompson 
(1970) mis-quotes the author by reporting 'As pyro­
morphite' from Wood mine instead of EV. 

A wide range of appearance is found. in colour 
from bright green to yellowish to colourless, and in 
habit from short prismatic crystals to needles to off­
white cauliflower-like masses to smooth rounded 
knobbly crusts. These last are sometimes grey-green. 
and then superficially resemble scorodite. 

Material giving IR spectra similar to those of 
calcian pyromorphite was found in Wood mine. 
Arsenate-free, calcian pyromorphite also forms thin 
white shells around smooth spherules of yellow 
phosphat ian and probably calcian mimetite from M 
(the same collecting site as for the arsenatian 
mottramite already discussed). 

SCORODITE. FeAs04.2Hp (Unconfirmed) 
Carlon (1979) lists scorodite from EV, but the 

occurrence rel}uires confirmation. 

SIDERITE, FeC01 (Unconfirmed) 
Thompson (1970) lists 'sparry iron ore'. presum­

ably siderite, from EV; not confirmed. 

SILVER, Ag (Very rare) 
Minute dendritic crystal aggregates of silver in 

limonite gozzan have been found at EV (l.R. 
Knight. personal communication. 1971). 

SMITHSO~ITE, ZnCOJ (Very rare) 
Reported among alteration products of the AE 

sulphides by Ixer and Vaughan (1982). 
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SPHALERITE, ZnS (L ncommon) 
Sphalerite is not common in the area. Reported 

from ~E, EV (Dewey and Eastwood, 1925) and SP 
(Warnngton, 1965). The occurrence of sphalerite is 
discussed by Ixer and Vaughan (1982). 

SPIONKOPITE, CU39S')b (Rare?) 
This was reported as 'blaubleibender covelline' 

from AE (Ixer and Vaughan, 1982). 

SLLPHU R, Ss (Common?) 
Very pale yellow, small rounded crystals of native 

sulphur are not uncommon in partly oxidised galena 
at EV (~SWB, 1961). When powdered samples of 
fine-gramed. compact massive galena from EV were 
extracted with hot acetone or cold carbon disul­
phide, the filtered solution on evaporation deposited 
sulphur amounting to 1.8 wt % of the original 
sample (G. Ryback, personal communication). Of 
scientific interest as an intermediate oxidation state 
of sulphur between those in galena and in anglesite. 

TETRAHEDRITE, (Cu,Fe)12Sb4S1 3 (Rare) 
Tetrahedrite with a high silver content (-14 wt %) 

and significant zinc (-8%) forms microscopic inclu­
sions in galena at EV and SP (lxer and Vaughan , 
1982). 

TYROLITE, sulphatian, 
CaCu5(As04MS04,C03)(OH)4.6Hp (Very rare) 

Specimens from Wood mine containing tyrolite 
(checked by XRD on material off BM 1958,759) 
were presented to the NHM in 1958 by W.D. Prince. 
Specimens collected by the author from there from 
1967 onwards (e.g. RSWB 67--81 and 74--130) gave 
IR spectra similar to those of tyrolite from Brixlegg. 
Tyrol. Austria. and displaying absorption at 1120, 
1088 and 1032 cm-1 ascribed to the presence of 
(S04)2- , with only weak absorption near 1400 cm i 

due to (C03f -. Some of the tyrolite is altered or 
partly altered to an amorphous copper silicate, 
presumably chrysocolla (see Fig. 6). One small spec­
imen was collected by the author in West mine in 
191\1. 

VA:\ADI!\ITE, Pb5(V04),CI (Doubtful) 
The validity of the vanadinite listed among " spec­

imens found while mapping" at AE (Chesworth, 
1960). and of the 'vanadini te or vanadiferous sand­
stone I Dr. H .G . Harwood)' from West mine 
(Thompson, 1970), cannot be judged in the a bsence 
of any evidence of identification. Mohr (1964) failed 
to find any vanadium minerals at AE "despite many 
protracted searches". Roscoe's (1868) initial sugges­
tion that vanadinite is probably the source of the 
vanadium at Mottram (and AE?) remains the only 
first-hand record from there. 

WAD 
Black sooty impregnations of manganese oxides 
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FIGL'RE 6. Tyrolite, a fan of blades, largely 
pseudomorphosed by copper silicate. Wood mine. 
(RSWB 73 -74). SEM photograph by D. Plant. 
Scale bar 0.1 mm. 

are common throughout the mineralised parts of the 
area. At least some are cobaltiferous (see asbolane). 
Probably the 'manganese' from AE of Fare) (1811) 
and Sowerby (1811), and the 'black oxide of 
manganese' from M of Hull (1864). Mohr (1964) 
refers to 'pyrolusite (wad), from AE. Reported from 
AE. \1 EV, SP. Opencast mine, West mine, Wood 
mme. 

WITHERITE, BaCO, (Doubtful) 
Recorded as barium carbonate from AE by 

Greenwood (1919) on the basis of the detection of 
a trace of carbonate in one ot a number of analy­
ses of baryte-containing struta! Listed from EV bv 
Warrington (1965). • 

WULFEN ITE, PbMo04 (Very rare) 
First found in the EV rift as tiny yellow tabular 

crystals, sometimes associated with arsenatian pyro­
morphite (RSWB. 1965); confirmed by XRD at the 
N HM. Subsequently found in Wood mme. as tin\' 
bipyramidal orange-yellow crystals (RSW13, 1\) 72). 
and as tin y orange-yello\\ tabular to rectangular 
prismatic crystals in West mine (RSWB, 1975). 
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FLUORITE AT HAMPSTEAD FARM QUARRY, 
CHIPPING SODBURY, AVON: 

A NEW BRITISH OCCURRENCE 

MICHAEL F. BROOKE 
138 Lower Blandford Road, Broadstone, Dorset BH18 8NZ 

Fluorite is known from a number of quarries in the Mendips and Bristol district but the occurrence 
at Hampstead Farm quarry. Chipping Sodbury, Avon, differs in that it is an example of vein miner­
alisation. Specimens show a range of colours, and some display green fluorescence under short-wave 
ultraviolet light. Associated minerals include baryte, pyrite and goethite. Paragenesis is difficult to estab­
lish and the origin of mineralising fluids is still open to debate. 

INTRODL"CTION 

Hampstead Farm quarry (NGR ST 72~ ~43) has 
been operated by A.R.C. since the late 1970s or 
early 1980s. Situated on the eastern side of the 
B4060 Chipping Sodbury to Wickwar road (Fig. I), 
the quarry has been developed within a N-S trend­
ing outcrop of Carboniferous limestone, the detailed 
geology of which was described by Alabaster (1990). 
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FIGURE 1. Location of Hampstead Farm 
quarry. 

By 1984 work had only just commenced on the 
second level but even then evidence existed for 
the presence of significant mineralisation. During 
1985, as the working face was extended south­
wards, a major mineral vein containing baryte, 
sphalerite, pyrite and calcite was exposed. This 
vein was described in detail by J. Jones in Russell 
Society Newsletter No. 14 (1985), and is similar in 
mineralogy to those described by Curtis (1981) from 
the adjacent Southfields quarry. It had been 
completely worked through by the end of October 
1987, except for a galena-rich stringer traceable 
across the quarry floor. Like many of the miner­
alised veins in the quarry, this trended NW-SE (Fig. 
2). Subsequent working has extended both northern 
and southern faces and in doing so has revealed 
numerous other mineralised veins, including one 
containing fluorite crystals. A list of minerals 
recorded from the quarry is given in Table I. A third 
level is now being developed; consequently, access 
is restricted. Permission must be obtained from the 
Quarry Manager. 

TABLE I. List of minerals reported from 
Hampstead Farm quarry. 

Allophane l 

Baryte 
Basaluminite l 

Calcite 
Dolomite2 

Dundasite l 

Fluorite 
Galena 
Gibbsite l 

Goethite 

Gypsum 
Hematite 
Iron sulphate3 

Limonite 
Marcasite 
Para-alumohydrocalcite l 

Pyrite 
Quartz 
Scarbroite: 
Sphalerite 

1. Reported by Alabaster (1990). 
2. Part of the Black Rock Limestone host rock. 

Not identified as a separate mineral within the 
mineralisation. 

3. Species undetermined. 
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Current limits to Quarry (April 1994) 
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FIGURE 2. Sketch map of Hampstead Farm quarry. 
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FLUORITE 

The discovery of fluorite at Hampstead Farm 
quarry in September 1991 was reported by the 
author in Russell Society Newsletter No. 23 (1992). 
The first samples were obtained from freshly blasted 
material at the floor of the south face, second level 
(Fig. 3). Evidence from these pointed to vein miner­
alisation, which was confirmed in ~ovember 1992 
when specimens were found in situ. A thorough 
search of the south face located only one fluorite­
bearing vein among a series of veins which trend 
NE-SW and dip at 60- 70° to the ea:.t. These veins 
cut through Black Rock Limestone and intersect the 
NW ·SE mineralised veins at approximately 90". 
The fluorite-bearing vein varies in width from less 
than I cm to 20 cm, and consists of brecciated lime­
stone fragments trapped within massive pink and 
white calcite. Vugs are quite common and within 
these fluorite crystals may be found investing calcite 
scalenohedra. 

It is a little surprising that fluorite was apparently 
not noticed until 1991, since the Black Rock 
Limestone hosts several other occurrences within 
the area, though these differ considerably in char­
acter. At Whatley quarry, Frome (ST 728 482), 
Halecombe quarry, Leigh-on-Mendip (ST 701 47S), 
and Stancombe Lane quarry, Flax Bourton CST S04 
684). fluorite is found within calcite/dolomite-filled 
replacement cavities. Such cavities are less common 
at Hampstead Farm quarry, are smaller, and appear 
to be devoid of fluorite. 

A new find (in late 1993) of colourless fluorite 
within a mineralised thrust plane at the northern 
end of the quarry (Dr N. Hollingsworth, personal 

communication) suggests that the occcurrence of 
fluorite within the quarry may be more extensive 
than at first thought. 

Fluorite from Hampstead Farm quarry occurs as 
individual crystals up to 3 mm across, though I mm 
or less is more usual. It also exists as thin crystalline 
crusts and surface coatings. The colour of the orig­
inal specimen was pale yellow and the crystals, 
less than O.S mm in size, were also opaque. 
Subsequent specimens have produced a range of 
colours, the most striking being deep golden yellow 
and completely transparent. 

Several forms have been identified. The most 
common is the simple cube. This may be colourless, 
pale to golden yellow, deep purple, or pale 
mauve; yellow/purple and purple/colourless zoned 
crystals are also found. Considerably less common 
are bevelled edged cubes (Fig. 4a) which, like 
the even rarer tetra hexahedral form (Fig. 4b), 
appear to be restricted to deep purple coloured spec­
imens. Interpenetrant twins exist. but they are less 
common. 

Some of the specimens fluoresce in short-wave 
ultraviolet light. The colour and intensity varies 
from very pale greenish-cream to strong green, and 
tends to be associated only with yellow coloured 
specimens. Intensity of fluorescence appears to 
correspond with depth of colour: the more golden 
yellow the crystal the stronger the fluorescence. 
Europium (Howie et al., 1982) is not the cause since 
qualitative analysis by A.D. Hart of the ~atural 
History Museum, using a Hitachi Probe S2S00 elec­
tron microprobe, showed the fluorite to be free of 
rare earth elements. 

FIGURE 3. Southern face of Hampstead Farm quarry, showing steeply dipping calcite veins. The arrow 
points to the fluorite vein, and the straight lines delimit the area within which fluorite specimens may be 
found. 
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FIGURE 4. Modified habits of Hampstead Farm 
quarry fluorite: a) with bevelled edges; b) tetra­
hexahedron. 

ASSOCIATED MINERALS 

BARYTE 
Baryte is relatively common. Two habits have 

been identified: (I) small «2 mm) pink lenticular 
plates in parallel growth on pink sugary calcite; (2) 
white to whitish-pink opaque tapering bladed crys­
tals up to 5 cm long with goethite on white calcite 
scalenohedra. 

CALCITE 
Calcite is ubiquitous. Early growths show opaque 

pink sugary and massive formations which develop 
into colourless to white scalenohedra up to 2 cm 
long. This transition can lead to the formation of 
pink 'phantoms' within the crystals. 
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GALENA 
Galena is ~xtremely rare. The crystals are gener­

ally less than I mm in size and are usually found on 
or within the sugary calcite. Only rarely has it been 
found on fluorite. Several forms have been identi­
fied: cube. cube-octahedron and octahedron. 

GOETHITE 
This is by far the most common mineral, after 

calcite, and occurs as black spherules up to I mm 
across, and occasionally as radiating fans of 
needles up to I mm long growing from the spherules 
(Fig. 5). 

PYRITE 
Pyrite occurs as minute composite clusters and 

single modified cubes up to 0.5 mm across. They 
often have iridescent surfaces. 

SPHALERITE 
This forms very tiny, transparent pale brown 

gemmy crystals in contact with limestone, and is 
very rare. 

Very rarely do more than three of these minerals 
occur together within anyone vug. The most 
common associations are : i) calcite + yellow fluo­
rite; ii) calcite + yellow fluorite + goethite; iii) calcite 
+ colourless fluorite + pyrite; iv) calcite + baryte + 

I ..... 

~ . . . . , 
-\ ¥. -.. ' .. . ..,. 
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FIGURE 5. Typical association of fluorite (yellow cubes up to 1.5 mm in size) and goethite (black spherules 
and bunches of acicular crystals) on scalenohedra of calcite. From an original painting by Jim Goulding. 
Specimen in the Jim Goulding collection. 
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goethite; v) calcite - purple fluorite. No single spec­
imen possesses all the minerals listed above, and 
only one has been found which carries purple fluo­
rite. colourless fluorite. yellow fluorite. pyrite, 
galena and calcite. Apart from goethite. which 
occurs both overgrown by and overgrowing fluorite, 
the minerals tend to be spatially separated. 

PARAGENESIS 

Close scrutiny of numerous specimens suggests the 
paragenesis shown in Fig. 6. The initial mineralisa­
tion involved traces of sphalerite together with 
purple fluorite. Crystallisation took place either 
within or on the limestone adjacent to the joint 
plane. Contemporaneous with this was the crys­
tallisation of calcite. The fluorite appears to have 
been deposited in a series of stages during which 
purple varieties gave way to colourless and yellow 
varieties. The spatial separation of the purple, 
colourless and yel1ov. varieties is indicative of 
distinct generations of crystals, but the occurrence 
of colour-zoned crystals suggests some overlap or 
repetition in the sequence of deposition. 

The precise sequence of crystallisation of baryte, 
galena. pyrite and goethite is more difficult to estab­
lish and will require both a wider range of speci-

l3a ryte ? 

Pi nk -- -- . -- - white 
Cal c i t e 

s uga ry Crys t al Cry s ta l 
Fl uorite (Yellow) 

Pale Yellow Golden Yellow 
Fluori t e (Purp le ) 

Fluori t e (Colourles s 

GaLena 

Gaet h i t e 

Py ri t e ? -- --.- -- --
Sphalerite 

FIGLRE 6. Proposed paragenesis of fluorite vein. 
Hampstead Farm quarry. 

mens and further research. The origin of the miner­
alising solutions is also open to debate. The most 
probable source is hydrothermal brines forced 
upwards or laterally (King, 1983, 1993; Alabaster, 
1990) during earth movements associated with late 
Carboniferous to Permian tectonism. But the role 
of meteoric waters carrying dissolved salts from the 
Coal Measures and Westbury Shales downwards 
into the limestone has not been ruled out. nor has 
migration of Permo-Triassic basin brines. The fluo­
rite occurrence at Hampstead Farm quarry is some­
what enigmatic and demands further research. 
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AN UNUSUAL OCCURRENCE OF ARSENATE 
MINERALS AT GWAITH-YR-AFON MINE, 

DYFED, WALES 

STEVE A. RUST 
7 Dulverton Court, Linslade, Bedfordshire LU7 7UG 

JOHN S. MASOK 
Rhiwlwyfen, Forge, near Machynlleth, Powis, Wales 

An unusual and significant assemblage of secondary copper, iron and lead arsenate minerals, the most 
abundant of which is tyrolite , is described from Gwaith-yr-Afon mine in the Central Wales Orefield. 
The primary sulphides present include gersdorffite and ullmannite. This assemblage contrasts with those 
typical of the Central Wales Orefield. 

INTRODLCTION AND HISTORY 

Gwaith-yr-Afon or Gwaithyrafon mine (NGR SN 
691 839) is located 6 km SE of Talybont and 11 km 
ENE of Aberystwyth, in Trefeirig parish, Dyfed 
(Fig, I). The workings are on a wooded hillside on 
the north side of the Nant Silo stream. This small 
mine explored, and worked to a limited extent, the 
area of intersection between the £ . W Cwmsymlog 
North lode and the NE- SW trending Darren 
(Daren) lode. The junction was evidently complex, 
the scattered small trial adits on various branch 
veins being testimony to this . 

The earliest date of working is not clear. John 
Taylor, active at Cwmsymlog (East Darren) mine, 
commented in 1847 that some work had been under­
taken at an old group of workings, known as the 
Copper Work, on the Darren lode. Over the follow­
ing half-century, the mine was included either with 
the Cwmsymlog mines or with Cwmdarren and 
Cerrig-yr-wyn, and enjoyed at least sixteen differ­
ent names, including West Cwmsymlog, North 
Cwmsymlog. Cwmsymlog Cnited. Black mine. and 
Gwaithyrafon (Hugh~s, 1990). 

In 1909 the mine was re-examined by the Lery 
Mining Company and the two minor workings on the 
south side of the ~ant Silo stream date largely from 
this period. The mining consultant Henry Francis 
(son of Absalom Francis) was involved and, when the 
project ended, continued to promote the site, but it 
does not appear that any further work took place 
after about 1922. The workings apparently reached a 
depth of just over 40 fathoms (73 m) below shallow 
adit level although reliable details are scarce; the same 
conunent applies to production figures which give, 
under the name Gwaithyrafon, a total for 1863 and 
1867- 68 of 1 g tons (18,300 kg) of lead concentrate 
yielding 435 oz (13.5 kg) of silver. Other production 
was probably absorbed into the figures for adjacent 
mines, particularly Cwmsymlog (Hughes, 1990). 

The mineralogical interest in Gwaith-yr-Afon 
mine arose from a chance conversation in 1985 

between one of us (J.S .M .) and Simon Hughes. who 
in the early 1970s had worked for the Cambrian 
Exploration Company and had undertaken 
sampling programmes at a number of sites in the 
area. He mentioned a very wet adit downstream 
from the Engine shaft at Gwaith-yr-Afon, at the end 
of which was a small but rich copper lode carrying 
a good deal of'colour'. and this seemed worth inves­
tigating. The results of a study of the minerals of 
this lode by the authors during the following years 
are reported in this paper. 

GEOLOGY AND MINERALISATION 

The mineralisation at Gwaith-yr-Afon mme is 
hosted by greenish-grey mudstones of the 
Cwmsym]og Formation on the eastern limb of the 
Coed Dipws anticline (Cave and Hains, 1986). A 
number of fractures traverse the mine area; these 
consist of subvertical quartz veins and quartz­
cemented breccias carrying a variety of ore miner­
als . The assemblage is typical of the early. complex 
polymetallic phase of mineralisation in Central 
Wales 11.S. Mason, unpublished work) . The area 
from which the samples described here were 
collected is reached via a crosscut adit -30 m west 
of the large Engine shaft dump, the ad it portal being 
marked by a long trench. The adit is flooded to a 
maximum depth of I metre for the first 20 m; ID m 
beyond this the lode is intersected, and a drift has 
been driven eastward for about 40 m to a flooded 
winLe from which water is often seen to be rising. 
Significant secondary mineralisation is restricted to 
the first 10m of this drivage, where a quartz--chal­
copyrite vein is exposed in the roof of the level. This 
vein rarely ex~eeds 0.5 m in thickness and may be 
a minor branch; masses of quartz-cemented breccia 
on the Engine shaft dumps, however, suggest a 
much larger vein structure. 

Samples from the vein underground and from the 
Engine shaft dump show that chalcopyrite is the 
dominant sulphide present. Galena occurs as small 
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FIGCRE 1. Location map showing Gwaith-yr-Afon and neighbouring mines. 

veinlets and infills in quartz cavities and is occasion­
ally associated with small amounts oftetrahedrite and 
hournonite (confinned by powder XRD, 1.S. Mason, 
unpuhlished data). Examination of the veinstuff in 
polished section shows that the galena contains 
numerous inclusions of tetrahedrite and boumonite 
as well as small (mainly <20 /-lm) grains of ullman­
nite and gersdorffite (confinned by energy dispersive 
ap.alysis, R.E. Bevins, personal communication). 
Although petrological studies have been limited, 
the paragenetic sequence chalcopyrite-ullmannite/ 
gersdorffite- tetrahedrite-boumonite-galena is evi­
dent, and is compatible with those at similar sites in 
the area. Open cavities in quartz are occasionally 
filled with minor amounts of late red sphalerite, 
ferroan dolomite, and calcite. Well-developed crys­
tals of the primary sulphides have not been observed. 

The secondary mineralisation comprises an 
intense original alteration of vein material along 
cracks, and post-mining copper sulphates formed on 
exposed surfaces of chalcopyrite. The former is 
particularly well developed in a restricted area where 
the vein intersects a small low-angle fault; although 
the fault is demonstrably pre-mineralisation in 
origin, it has evidently been reactivated at some later 
stage causing shattering and local cataclasis of the 
quartz and chalcopyrite. The creation of this small, 
relatively permeable zone has permitted greater 
access to meteoric waters. with consequent relatively 
intense oxidation of the sulphides and development 
of the supergene assemlage. In this area tyrolite, 
malachite and chrysocolla are clearly visible to the 
naked eye, while microscopic examination reveal .. a 
variety of minor species. 

Representative suites from Gwaith-yr-Afon mine 
have been deposited in the Natural History 
Museum, London (NHM) and the National 
Mu~eum of Wales (NMW). 

SLPERGE~E :\1NERALS 

AGARDITE-(Y), (Y,Ca)Cu6(As04MOH)6.3Hp 
This was identified at the National Museum of 
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Wales by XRD (No. X-846) and energy-dispersive 
analysis. Agardite-(Y) forms scattl!red , lustrous, 
pale to mid-green groups of minute « 0.5 mm) 
acicular crystals on black to brown iron oxide on 
shattered, friable quartz. The associated minerals 
are minor malachite, chrysocolla and traces of 
mimetite. This represents the first confirmed occur­
rence of Y -dominant agardite in the British Isles 
(Bevins. 1994). 

BAYLDOl\iITE, PbCu3(As04HhO(OH)2 
Bayldonite forms thin, minutely crystalline crusts 

up to 1.5 cm2 in area, on quartz containing chal­
copyrite and minor galena. The colour is apple green 
and very similar to that of material from Brandy 
Gill, Caldbeck Fells, Cumbria. The few specimens 
were found on the overgrown dumps beyond the 
flooded adit portal; it has not so far been found 
underground. Confirmation was by XRD (~MW 
No. X-94l), and this represents the first occurrence 
of bayldonite in Wales. 

BROCHANTITE, CUiS04)(OH)6 
Brochantite is not uncommon as thin emerald­

green platy crystals on chalcopyrite, covering areas 
of up to several cm2, and was confirmed by XRD 
(NHM) . Additionally, divergent bladed groups (:<;;1 
mm) and parallel prismatic groups of similar size 
are occasionally found on malachite spherules. 
Much, if not all, of the brochantite is interpreted as 
being of post-mining origin. 

CHALCOPHYLLITE. 
CU18AliAs04MS04MOH)2-·3Hp 

Chalcophyllite has been observed rarely as minute 
«0.5 mm) emerald-green hexagonal plates aggre­
gated together in small cavities in quartL associated 
with tyrolite. Chalcophyllite is extremely rare in 
Wales, the only other occurrences being at Dylife 
mine, Machynlleth. Powys (in the Central Wales 
Orefield) and at a trial level near Bontddu, Gwynedd 
(Saich and Rust, 1987; Bevins, 1994). 



CHRYSOCOLLA, (Cu,AlhH2Sip,(OH)4.nHp 
A very common mineral, representing an esti­

mated 40% of the total supergene content of the 
vein. It occurs as resinous masses up to several cm3 

in volume within the veinstuff. and varies in colour 
from shades of brown through green to blue. There 
appear to be two generations present: an early one 
replacing chalcopyrite, often forming opaque 
brown-black 'copper pitch', and a minor later phase 
(possibly post-mining) in which chrysocolla coats 
and replaces tyrolite and malachite and also 
forms epimorphs after mimetite and brochantite 
crystals. Chrysocolla was confirmed by infrared 
spectrometry. 

CONl\iELLITE. CUI9CliS04)(OH)32.3Hp 
Connellite (confirmed by XRD, NHM) is very 

localised and forms minute «0.5 mm) blue to deep 
blue acicular crystal sprays, usually aggregated 
together into radially-textured spherules. Occa­
sionally these form crusts covering areas up to 10 
mm x 5 mm. Associated minerals are brochantite, 
chrysocolla, malachite, langite and, rarely, 
parnauite. Connellite is very localised in Wales; it 
was confirmed from Britannia mine, Snowdon, 
Gwynedd (Pollard et al., 1989) and has since been 
found in the Central Wales Orefield at Geufron 
mine, Llanidloes , Powys and at Lodge Park copper 
trial near Tre'r-ddol, Dyfed (Bevins, 1994). In both 
these other Central Wales occurrences, connellite is 
closely associated with cuprite. 

COPPER (Cu) and CCPRITE (CUP) 
These minerals are typically intimately inter­

grown, as at most other Central Wales localities. 
Copper forms tiny metallic particles within cuprite 
masses; the cuprite occurs as masses up to 3 mm 
across but is very rare. Thin drusy crusts of cuprite 
octahedra have recently been noted on late-formed, 
filmy calcite with. possibly. aragonite. 

ERYTHRITE(?), C03(As04h.8Hp 
Thin pink coatings on quartz and breccia clasts 

from the Engine shaft dump have been tentatively 
identified as erythrite; the amounts are too small for 
analytical confirmation. The occurrence of erythrite 
is supported by the fact that some gersdorffite grains 
contain up to 6 wt % Co (S. Chambers, personal 
communication). 

JAROSITE(?), KFe3+lS04MOH)6 
A yellow-brown to golden-yellow mineral forming 

thin drusy crusts of platy crystals on heavily 
corroded chalcopyrite has been tentatively identified 
as jarosite. It is occasionally overgrown by later 
langite and brochantite. 

LANGITEIWROEWOLFEITE(?), 
CUiS04)(OH)6·2Hp 

Small, blue, tabular crystals associated principally 

with brochantite have been identified from their 
appearance as belonging to the langite group of 
minerals; similarly-coloured, poorly-formed pris­
matic crystals are probably wroewolfeite. Their 
occurrence on broken chalcopyrite is typically 
post-mining. 

LINARITE, PbCu(S04)(OHh 
Linarite occurs as a sporadic coating of poorly­

formed bladed crystals « I mm) on joint faces 
within the veinstuff, particularly in areas adjacent 
to galena. It is associated with cerussite, malachite, 
minor brochantite and, locally, mimetite. 

MALACHITE, CU2(C03)(OHh 
Malachite (confirmed by XRD, NHM) is a very 

common mineral at Gwaith-yr-Afon mine, where it 
forms thin botryoidal crusts covering veinstuff in 
areas of up to several cm2, and occasionally display­
ing a drusy surface. Rarely it is found as epimorphs 
after tyrolite and associated with all the other species. 

MIMETITE, Pb5(As04hCI 
Mimetite has been confirmed by XRD (NHM) as 

colourless to yello\\-, and occasionally pale green, 
prismatic to blocky crystals. Typically, it forms 
quite extensive coatings onjoint surfaces in the vein­
stuff, and in particular in masses of mudstone within 
the vein. Infrared spectrometry of the yellow prisms 
shows that they are phosphatian mimetite with a 
molar P: As ratio of about I :4. Zoned colourless to 
brown crystals are observed rarely, and some spec­
imens show a secondary parallel growth of acicular 
crystals on the pinacoid faces of the more prismatic 
forms. The crystals range up to 1.5 mm in size; the 
associated minerals are principally malachite and 
cerussite, and more rarely tyrolite, chrysocolla, 
linarite and brochantite. Mimetite has also been 
confirmed from the nearby Darren mine. and from 
Dylife mine. Machynlleth, Powys, and Hendrefe1en 
mine, Ysbyty Ystwyth, Dyfed (Bevins, 1994). 

OLIVE~ITE, Cuz{As04)(OH) 
Olivenite has been found on two specimens only 

and was contirmed by XRD (NHM). It occurs as 
the variety 'leucochalcite', forming aggregated, 
silky-white radial crystal groups up to 0.75 mm 
across, covering areas of up to 1.5 cm2 on goethite­
coated quartz. Olivenite is associated with an 
unidentified greenish botryoidal mineral. 

PAR~AUITE, Cu9(As04MS04)(OH)IU.7Hp 
Parnauite has been recorded previously from 

localities in Cornwall and Devon, and from Tynagh 
mine, Eire (Ryback and Tandy, 1992). At Gwaith­
yr-Afon mine, the first Welsh occurrence, it was 
confirmed by XRD (NHM) as pale blue-green thin 
drusy crusts lining small «3 mm) cavities in quartz. 
and as thin crusts on corroded chalcopyrite. It is 
rarely observed forming scattered groups of tiny 
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lath-like crystals in groups up to 0.75 mm across. 
Parnauite is associated with chrysocolla, brochan­
tite. malachite, tyrolite and connellite. 

PHARMACOSIDERITE, 
KFe3T iAs04hCOH)4·6-7Hp 

Pharmacosiderite forms tiny cubic crystals « 0.25 
mm), from almost colourless to pale green or 
yellowish in colour, and occurs principally as thin 
drusy crusts on goethite and quartz, with heavily 
corroded chalcopyrite; scorodite(?) is the only asso­
ciated supergene mineral. Pharmacosiderite was 
conlirmed by XRD (NHM), and this represents its 
first Welsh occurrence. 

ROSASITE, (Cu,Zn)?(C0 1)(OH), 
Rosasite forms minute groups -of green acicular 

crystals «0.5 mm) and fragile epimorphs of laths 
of possibly serpierite, sparsely scattered over drus) 
malachite. and was identified by XRD (NH~) . 

SCORODITE(?), FeAs04.2Hp 
Greyish to pale yellow, very sparsely scattered 

crystal aggregates «0.75 mm), and scattered single 
crystals «0.3 mm) which appear to show major 
development of the faces [Ill] and [210], are iden­
tified from their appearance as scorodite. They are 
associated with limonite and pharmacosiderite on 
quartz. 

SERPIFRITEIDEVILLINE(?), 
C'a(C'u ,Zn)/S04hCOHk3H20 

Pale blue. pt!arly. lath-like crystals up to 0.5 mm 
long. scattaed over veinstuff with tiny brochantite 
crystals, on two specimens, are tentativel) identified 
as either serpierite or devilline. 

TYROLITE (sulphatian), 
CaCu5lAs04MS04,C01)(OH)4·6H,O 

Tyrolite is very abundant at Gwa-ith-yr-Afon mine 
compared with the otha arsenate minerals. forming 
bright blue (or occasionally greenish or whitish) 
radial groups of lath-like crystals which are very 
sectile: they tend to line cracks in al tered q uartz­
chalcopyrite veinstuff. Tyrolite sometimes forms 
spherical masses of compact platy crystals in cavi­
ties in quartz. The crystal groups reach 4 mm in 
diameter but are usually only 1- 2 mm across. When 
richly scattered on matrix they provide some excel­
lent small cabinet specimens. Tyrolite is most 
commonly associated with chrysocolla and mala­
chite. Confirmation was by XRD (NHM), while 
infra red spectrometry showed that this is a low­
carbonate sulphatian tyrolite . 

UNIDENTIFIED MINERALS 
No.1: The X-ray powder pattern of the green 

botryoidal mineral associated \.\ ith olivenite 
matches that of a partly characterised mineral from 
Chile ( HM) . 
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No.2 : Groups of light blue-green, platy, six-sided 
crystals «0.15 mm), covering areas of up to 3 mm2• 

give an X-ray powder patlern near that of schulen­
bergite (N HM). 

DISCUSSIOl' 

The Central Wales Orefield, compared with areas 
such as Cornwall and the Caldbeck Fells, is a much 
under-investigated area that is gradually becoming 
better known for its wide range of rare secondary 
minerals (see Bevins, 1994, for references). While 
suites of basic ~ulphate minerals from various local­
ities. e.g. Eaglebrook (or Nant-y-Cagal) and 
Esgairhir mines, Ceulanymaesmawr, as well as 
display specimens of pyromorphite and cerussite 
from Bwlchglas mine. C'eulanymaesmawr, and from 
Frongoch and Logaulas mines near Ysbyty 
Ystwyth, are found in many public and private 
collections and are characteristic of the area, occur­
rences of arsenate minerals are very limited . In this 
context Gwaith-yr-Afon mine is an exception . The 
reason for this clearly lies in the arsenic-bearing 
primary assemblage. which is unusual for Central 
Wales, where primar) hydrothermal assemblages 
are Pb -Cu- and Pb-Zn-dominated with subordinate 
Fe, Ag, Sb, Co , ~i and Au (l.S. \1ason. unpublished 
data) . The scarcity of arsenic in these assemblages 
is curious, particularly as minor occurrences of 
antimony-bt!aring minerals are widespread. 
Arsenopyrite and cobaltite occur both to 
the north . in the Dolgellau gold-belt, and to the 
south , in the gold-bearing orebodies at Dolaucothi. 
although the genes~s of these deposits are 
quite different from those of the veins in Central 
Wales. 

According to Raybould (1976), arsenopyrite is 
widespread as inclusions in galena in Central Wales. 
However, re-examination of Raybould's polished 
ore sections by one of us (J.S.M.) has revealed that 
the ·arsenopyrite is tetrahedrite, bournonite or 
ullmannite; these identifications are supported by 
XRD and microprobe analyses. Several analyses of 
tetrahedrites and ullmannites revealed low arsenic 
~ontents (2- 3 wt %). However. the finding of gers­
durffite at Gwaith-yr-Afon mine represents the first 
analytically confirmed primary arsenic mineral from 
the orefield . A series exists between gersdorffite 
(NiAsS) and ullmannite (NiSbS) and, not surpris­
ingly, some grains revealed an intermediate compo­
sition (l .S. \1ason, unpublished work) . Whether 
the::.e represent a di~crete phase cannot be ascer­
tained from the limitt:d data a\::t.ilable. 

Recent field work has indicated the presence of a 
second. though weaker, occurrence of secondary 
::trsenatl: minerali~ation. at Darn:n mine on the same 
lode; the fact that this particular lode is richer in 
arsenic that other nearb) contemporaneous lodes is 
yet another problematic feature of tht! earl) poly­
metallic mineralisation of Central Wales. 
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NOTES 

TYUY AMUNITE FROM ST JUST, CORNWALL, 
ENGLAND 

NICHOLAS J . ELTON 
Tregears. Little Treviscoe, St Austell, Cornwall PL26 7QL 

JEREMY J. HOOPER 
48 St Julitta, Luxulyan, Budmin, Cornwall PL30 SED 

Cranyl vanadate minerals are found chiefly in 
the oxidised lone of sandstone-type uranium 
deposits , notably in the Colorado plateau region 
of the USA (Frondel, 1958; Roberts et al., 
1990). Carnotite, KiU02)2V20 .3Hp, tyuyamu­
nite, Ca(U02)2 V P 8.5-8H20, and metatyuyamu­
nite, Ca(U 0 2)2 V 20 .3H20 , are the more common 
members of the group and are sufficiently abundant 
in some sedimentary deposits to be the major ore 
minerals (Frondel, 1958; Smith, 1984). The forma­
tion of tyuyamunite rather than carnotite requires 
an abundance of Ca2- ions and the mineral occurs 
predominantly in limestones (e.g. at the type 
locality, T yuya Muyun , Fergana , Uzbekistan) , or 
in regions of calcite or gypsum mineralisation . 
MembL:rs of the uranyl vanadate group may also be 
found in other supergene environments and three. 
L:arnotiLe, metatyuyuamunite and francevillite , have 
been reported previously in Britain. 

Metatyuyamunite was reported by Wyley (1961) 
In uraniferous-vanadiferous concretions from 
Budkigh Salterton, Devon . Embrey (persunal 
cOll1muniwtiUI1 in King and Dixon. 1971: also 
Lmbrey. 1977) cast some doubt on the identitica­
tion. suggesting that the mineral may have been 
pasL'oite misidentified. However, an X-ray diffrac­
tion study of concretions from the same localit y by 
Durrance and George (1976) provided confirmation 
of the presence of metatyuyamunite. Durrance and 
ul!orge considered that the original mineral was 
tyuyamunite, the lowl!r hydrate having formed 
subsequent to L:ollection . The only other previously 
recorded location for uranyl vanadate minerals in 
Britain is South Terras mine, St Stephen , Cornwall. 
Francevillite (Lmbrey, 1977; Natural History 
Museum "recimen BM 1936,32) and carnotite 
(Gramaccioli, 1954; see also Ryback and Tandy, 
1992) hJ\ c beL:n reported from this locality, 
although the carnotite was identified only on the 
basis of qualitative L:hemiL:al analysis. 

TyuyamuniLe has nov, been found in situ in 
disused mine workings on the Cargodna section ot' 
Wheal Owles. St Just, Cornwalll~GR SW 362 329) . 
Identification was by energy-dispersive X-ray analy-
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sis and X-ray powder diffraction (NHM film No. 
9053F). Tyuyamunite is present in very smaIl quan­
tities at Wheal Owles and occurs as earthy crusts 
and small, canary yellov" microcrystalline aggre­
gates on one wall of a backtilled stope. The aggre­
gates are formed of sheaves and fan-like groups of 
acute petaline L:rystals flattened on {OOI} and 
showing the form {I IO } in typical tyuyuamunite 
habit (e .g. Frondel, 1958). Individual crystals are of 
the order of 5-10 I-lm in length, but the aggregates 
may cover several mm 2. Zeunerite is intimately asso­
ciated with the tyuyamunite. The cool, moist condi­
tions within the mine are evidently appropriate for 
the existence of the higher hydrates of both miner­
als . Small amounts of uranophane also occur on the 
specImens. 

At Wheal OwJes. tyuyamunite is found in cavities 
within quartz containing minor chalcopyrite. In one 
example tyuyamunite is found on the surface of 
earthy limonite encrusting quartl. The Cargodna 
section of Wheal Owles lies in mafic hornfels which, 
in places, contains inclusions of potassium-feldspar. 
The presence of compreignacite (Elton et al. , 1994) 
provides evidence for the leaching and transport of 
K - ions by meteoric waters . In the presence of pot as­
sium salts , tyuya munite is readily converted to 
carnotite by cation-exchange, the re\erse reaction 
being very slow (Frondel , 1958). Only limited substi­
tution of K for Ca may take place before structural 
changes occur. The presence of tyuyamunite at 
Wheal Owles is probably attributable to a small and 
localised patch of aragonite in the roof of the stope 
above the area where the tyuyamunite was found . 
Uranophane is concentrated around and below the 
aragonite. 

Vanadium has a much lower geo~hemical mobility 
than uranium and is an effective precipitant for the 
uranyl ion (Dongarra, 1>184) , Ko carnotite has been 
identified within the mine and this suggests that the 
~ource of vanadium may also be IOL:alised. No other 
vanadium minerals have been identified to date. 

:\ sample of tyuyamunite from Wheal Owles has 
been deposited at the Natural History Museum, 
London . 
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BARYTOCALCITE AND WITHERITE FROM 
RORRINGTON MINE, CHIRBURY, SALOP, 

ENGLAND 
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15 Warwick Avenue, Bromsgrove, Worcestershire B60 2AH 

NEIL HUBBARD 
30 Thirlmere Road. Barrow-upon-Soar, Leicestershire LE12 8QQ 

BRIAN YOUNG 
British Geological Survey. Murchison House. West Mains Road , 

Edinburgh EH9 3LA 

Barytocalcite was first described by Brooke 
(1824) . Whereas no precise details of the locality 
were given, Blagill mine near Alston is likely to 
have been the source of the specimens l Young, 
1985). Although since found at other localities, both 
in the northern Pennines (Dunham and Wilson, 
1985, p. 93; Dunham, 1990, p. 78) and elsewhere in 
the world, barytocalcite remains a rare mineral. 
Young (1985, 1993) described barytocalcite from 
some twenty localities in the northern Pennines: 

Alabaster (1990) reported new occurrences in 
the Mendips and south Wales; and Moles (19R5) 
noted inclusions of the mineral in pyrite in a sample 
of manganoan calcite and baryte from the 
stratabound Ba-Zn mineralisation near Aberfeld), 
Perthshire. The identification of barytocalcite at 
Rorrington mine reported in this note is the first 
from Salop, although Richards (1992, p. 12) hinted 
at its possible but unconfirmed presence at 
Snailbeach mine. 
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The West Shropshire mining region, now in the 
administrative county of Salop, has a long and 
varied history, some workings dating back to 
Roman times (Dines, 1958; Brook and Allbutt, 
1973). Originally the region was principally a 
producer of lead ore. but in later years small 
amounts of zinc ore were raised. and subsequently 
baryte. witherite and calcite. enabling a few of the 
mines to remain active into the early part of the 
present century. 

At Rorrington mine (also known as West 
Snailbeach mine) four east-west veins, described 
by Dines (1958), cut mudstones and siltstones of the 
Ordovician Weston Flags Formation. According to 
Dines (1958) only two of these veins are known to 
have been worked. The vein fillings consist predom­
inantly of baryte and calcite with some quartz, 
witherite and fluorite, and scattered crystals and 
patches of sphalerite and galena. The spoil heaps 
contain representative examples of veinstuff. 
Records of output indicate that the mine has never 
been a great success: in the years 1850 to 1890 the 
yield of lead ore totalled only 293 tons. Baryte 
output was also modest. amounting to only 347 tons 
between 1889 and 1893. The mine was reopened in 
1916, producing 16 tons of baryte until mining 
finally ceased in 1920 (Dines, 1958). 

From the spoil heaps around Engine shaft (NGR 
SO 305 997) blocks of veinstone have recently been 
collected in which barytocalcite is comparatively 
common. Representative specimen material has 
been deposited in the collections of the Natural 
History :v1useum, London (~HM), the National 
Museum of Wales, Cardiff, and the University 
Museum, Oxford. 

BARYTOCALCITE 

Barytocalcite occurs at Rorrington mine mainly as 
compact creamish-white crystalline masses up to 50 
mm across within baryte-witherite--calcite vein­
stone which in places also contain fluorite and frag­
ments of mudstone wall-rock. Small isolated 
crystals of chalcopyrite less than I mm across occur 
scattered through the barytocalcite masses in some 
specimens. Within this veinstone occur small cavi­
ties which, although mostly less than 5 mm across , 
locally exceed 100 mm. Within these, barytocalcite 
is present as slender, colourless to pale creamish­
white, terminated monoclinic prisms up to 7 mm 
long (Fig. 1). In most examples barytocalcite crys­
tals line cavities in apparently pure crystalline bary­
tocalcite, but in a few instances the mineral encrusts 
pale pink calcite or shale clasts. Identification of 
barytocalcite was confinned by XRD (NHM No. 
9761F) and infrared spectrometry. 

So far as could be determined from the available 
samples, barytocalcite appears to post-date the crys­
tallisation of most of the primary constituents of the 
vein. In a few blocks barytocalcite is encrusted with 

116 

FIGL'RE 1. SE:v1 photograph of barytocalcite 
crystals from Rorrington mine. Scale bar 1 mm. 

a layer, up to 5 mm thick, of white baryte composed 
of small (mainly < I mm) ill-formed crystals, exactly 
similar to those noted by Dunham (1990, p. 91) as 
characterising supergene baryte in witherite-bearing 
veins in the Northern Pennines. A few blocks show 
barytocalcite coated with a thin «2 mm) layer of 
dull white rather earthy baryte, probably fonned by 
weathering processes within the dump. 

WITHERITE 

Witherite is common on the Engine shaft spoilheap. 
It occurs as white to pale cream-coloured, coarsely 
crystalline masses with, in places, cavities up to 50 
mm across lined with lustrous white to pale cream­
coloured pseudohexagonal crystals, which typically 
exhibit prism and pyramid faces. A crudely radial 
orientation of crystals is present in a few specimens. 
A few rather rounded tuberose crystalline masses of 
witherite up to about 50 mm across have been 
collected. The identification of representative spec­
imens of witherite was confirmed by infrared spec­
trometry and simple wet chemistry. 

Witherite is also common as coarsely crystalline 
masses which, from the ahundance of flat tabular 
cleavage surfaces, superficially resemble baryte; 
indeed, it is easy to confuse these two minerals in 
hand specimens. Pale green coarsely crystalline fluo­
rite is commonly intergruv"n in this veinstone. When 
digested in 10% hydrochloric acid this 'tabular' 
witherite leaves a residue of irregular tabular plates 
of baryte. From the limited studies so far conducted 
it appears likely that witherite has here partially 
replaced original baryte, and that the tabular habit 
of the witherite is pseudomorphous after original 
baryte, some of which remains unaltered. Exactly 
similar replacements of original baryte by witherite 
were reported from the Northern Pennines by 
Hancox (1934). More recently , Dunham (1990, p. 
265) has described bands of primary minerals 



passing through cavities in witherite formed from 
original baryte at Settlingstones mine. 
Northumberland. A few samples of veinstone from 
Rorrington mine contain small irregular cellular 
cavities in witherite into which small crystalline 
masses of fluorite project. 

OTHER MI~ERALS 

Baryte is common at Rorrington mine in several 
forms. Coarse masses of white anhedral to subhe­
dral tabular crystals are common. Manv of these 
show varying degrees of pseudomorpho~s replace­
ment by witherite as described above. Baryte is also 
common as sharply-pointed 'tombstone' -shaped 
crystals up to 5 mm long in which the dominant 
faces are (110), combined with (001). This morphol­
ogy is characteristic of much of the baryte present 
within witherite-rich veins in the Northern Pennint!s 
(Dunham, 1990, p. 77). Thin crusts of rather 
powdery white baryte commonly encrust the outer 
surface of witherite and barytocalcite blocks. It is 
likely that this baryte results from weathering 
processes within the dump. 

Fluorite is locally common as colourless or green 
coarsely crystalline masses and veins up to 30 mm 
across within baryte, witherite and calcite. Two 
specimens of crystallised fluorite from Rorrington 
mine, showing simple cubes up to 10 mm across 
associated with baryte, were collected by Sir Arthur 
Russell in 1911 and are now in the Russell 
Collection in the NHM. Rorrington and Snailbeach 
are the only mines in the West Shropshire orefield 
in which fluorite has been recorded (Dines, 1958). 

Calcite is possibly the most abundant mineral in 
the spoilheaps and occurs as tapering terminated 
hexagonal prisms, simple rhombs, and more 
complex lustrous transparent crystals up to 4 mm 
across, sometimes containing inclusions of galena 
and other sulphides. 

Galena is present as fresh crystalline masses up to 
15 mm across, embedded within the non-metallic 
minerals. 

Sphalerite occurs both as lustrous, transparent, 
yellow-orange crystals «2 mm) in white quartz, and 
as fine-grained crystalline material enclosing euhe­
dral galena crystals up to 10 mm across. A small 
amount of sphalerite-rich veinstone has been 
collected. and this shows a 50-mm band of fine­
grained sphalerite bordered by siliceous cherty 
material, with included clasts of wall rock and 
coarse calcite cleavages. Cavities in the sphalerite 
are lined with euhedral sphalerite and quartz crys­
tals up to 3 mm acro~s. Thin white crusts, probably 
of hydrozmcite, are common on sphalerite-bearing 
blocks. Small vivid yellow crusts of an undetermined 
cadmiur.l sulphide were observed on the cleavage 
surfaces of a few sphalerite specimens. 

Marcasite has been found in a few specimens, 
forming fan-like aggregates of spear-shaped 

tarnished crystals 2.5 mm long on coarse bladed 
baryte crystals. 

DISCUSSION 

Hancox (1934) presented evidence that much of the 
witherite in the Northern Pennines was produced by 
hydrothermal alteration of previously deposited 
baryte by reaction with fluids carrying an abun­
dance of carbonate ions. More recently Dunham 
(1990) has cited Northern Pennine localities at 
which witherite is clearly pseudomorphous after 
original baryte. Tht! textural relationships of 
witherite and baryte in many examples of veinstone 
from Rorrington mine clearly resemble closely those 
at such Northern Pennine occurrences. It is proba­
ble therefore that, as in the Pennines, at least some 
of the witherite in the Shropshire orefield may have 
been produced during a phase of carbonate ion 
activity late in the history of filling. 

The barytocalcite described here from Rorrington 
mine bears several similarities to that present in the 
Northern Pennines. It exhibits a strikingly similar 
crystal morphology and, as at some of the Pennine 
occurrences, it is commonly associated with very 
small amounts of chalcopyrite. As in the Pennine 
veins, the Rorrington barytocalcite post-dates most, 
if not all, of the primary constituents of the vein: 
the limited evidence available from the specimens 
collected indicates that barytocalcite here post-dates 
witherite. In the Pennine occurrences Young (1985) 
recognised a strong relationship between the double 
calcium barium carbonates barytocalcite and 
alstonite and the presence of limestone wall-rocks. 
In the absence of limestone wall-rock no such rela­
tionship occurs at Rorrington mine, though it may 
be significant that, unlike the Pennine veins, those 
at Rorrington contain an abundance of early calcite. 
If, as suggested by Young (1985), a nearby source 
of calcium carbonate is needed to form barytocal­
cite, the abundant calcite at Rorrington may have 
provided it. 
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WITHERITE FROM SCALEBURN VEIN, 
NENTHEAD, CUMBRIA, ENGLAND 

ROBERT BUNTI~G 
12 Cavendish Road, Matlock. Derbyshire DE4 3GY 

The zonal distribution of minerals, particularly 
gangue minerals, within the deposits of the Alston 
Block portion of the Northern Pennine Orefield has 
long been recognised kg. Smythe. 1922: Dunham. 
1934, 1937, 1990). Within this area a central zone 
of deposits dominated by a fluorite gangue is 
surrounded by an outer zone in which barium 
minerals. mainly baryte and witherite, are charac­
teristic. Save in a very few deposits there is an almost 
mutually exclusive relationship between the fluorite 
and barium zones. Deposits with significant quan­
tities of both fluorit~ and barium minerals are 
comparatively rare: the Hilton and Murton min~s 
near Appkby are perhaps the best known examples. 

This marked segrega tion of gangue minerab in the 
Alston Block contrasb strikingly with the orefields 
of the Yorkshire Pennines and Derbyshire, where 
fluorite and baryte are commonly interbanded. In a 
few places within the orefield. notably around 
Nenthead and parts of Teesdale, an intermediatc 
zone in which neither fluorit~ nor barium minerals 
are abundant is apparent. Whereas present levels of 
erosion gi\ e an impression of the zonation being 
lateral , a handful of deposits are known in which 
fluorite-dominated veins pass vertically upwards 
into barium-dominated assemblages (Dunham, 
1990; Young, 1985, 1991 , 1993). 

Scale burn vein is one of the most prominent 
SW- N E trending veins of the ~enthead area and is 
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generally regarded as lying within the fluorite zone 
close to its outer limit with the relatively gangue­
free intermediate zone of the Nenthead area. 
Dunham (1990. p. 142) comments on the presence 
of purple fluorite on the spoil heaps from the shafts 
along the outcrop of Scaleburn vein. To the SE of 
Scaleburn vein, the sub-parallel Rampgill vein 
contained abundant fluorite in the Firestone level 
workings: this mineral was apparentl) rare in the 
Great Limestone though epimorphs in quartz point 
to its former abundance (Dunham, 1990, p. 144). 
This is one of the few veins in the orefield where an 
upward passage into the barium zone may be recog­
nised: Wallace (1861, p. 143) reported the presence 
of barytocalcite at the horizon of the Gridstone Sill , 
although Young (1985) was unable to confirm this. 

Recent exploration of underground workings in 
Rampgill mine (NGR NY 782 435) has revealed the 
presence of witherite in Scaleburn vein in the Great 
Limestone. The mineral is present in some abundance 
along a 3-metre length of the vein approximatel) 
beneath surface grid reference NY 787 444. The vein 
at this point is -5 m wide with a rib of witherite and 
baryte up to 0.5 m across situated in a stope 5 m 
above the Horse level. The stope is at least 50 m long. 
10 m high, and 3-5 m in width. There is a collapse at 
the southern end. The witherite occurs on the hanging 
wall of the vein. ;-Jo fluorite has been observed in the 
vein hereabouts, though some quartz and a little spha-



lerite were noted in the adjacent limestone wall rock. 
The witherite occurs as coarsely crystalline, white to 
pale cream-coloured masses up to 75 mm across. 
Incomplete crude pseudo hexagonal crystals up to 15 
mm long are present 10caUy in small cavities. They 
are coated with thin encrustations of small baryte 
crystals. Baryte is also common as crusts of lustrous 
white crystals up to 2 mm long lining small vugs along 
fractures within the witherite. These baryte crystals 
exhibit the distinctive morphology characteristic of 
baryte when developed secondarily after a barium 
carbonate mineral, as described by Dunham (1990, 
p. 77) . This form is common both in supergene baryte 
found in the upper oxised portions of witherite- and 
barytocaJcite-bearing veins, and in witherite orebod­
ies lying well beneath the present-day oxidation zone 
such as that formerly worked at Settlingstones mine. 

The presence of witherite on Scaleburn vein is one 
of the very few occurrences of this mineral in a vein 
in the central part of the orefield. The witherite here 
is present at depth in the vein: spoil from the shafts 
above theis level indicate that fluorite is present at 
higher levels. This occurrence, like that reported 
from Eastgate quarry (Young, 1985), indicates that 
barium-rich fluids clearly were able to gain access, 
at least locally, to the central parts of the orefield. 
The widespread partial alteration of the witherite to 
baryte indicates that sulphate-rich waters , unrelated 
to the present oxidising groundwater zone, were 
active at some stage in the vein 's paragenesis . 
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VIVIANITE FROM SOUTH HUMBERSIDE 
AND YORKSHIRE, ENGLAND 

MICHAEL E. SMITH 
7 Orchard Close, Pocklington, York Y04 2EQ 

Vivianite, Fe2- )(P04h.8Hp, was first recorded 
from Wheal Kind, St Agnes in Cornwall and named 
for 1.0. Vivian* . It occurred here as crystals in the 
oxidised portion of a metalliferous vein (Collins, 
1892: Rudler, 1905; Embrey and Symes, 1987). 

Vivianite is more commonly found in an earthy 
form in a sedimentary environment and is often 
associated with organic debris of recent origin, 
such as wood or bone. Vivianite requires a source 

*But see P.G. Embrey, {his issue, pp. 77- 81. - Editor. 

of phosphate and iron to be readily available; 
such conditions are common in many waterlogged 
sediments. Greg and Lettsom (1858) record vivian­
ite within alluvial deposits at Clifton, Bristol; 
Toxteth Park. Liverpool; Bury St Edmunds, 
Suffolk; and the Isle of Dogs, Kent. They also 
describe it encrusting bones and horns from Ballagh, 
Isle of Man, and in the interior of antlers of an Irish 
Elk of unknown provenance. Birley and Young 
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(J 993) describe vivianite on wood, metal, bone and 
other artifacts of Roman origin at Vindolanda, 
Northumberland. A small specimen of blue earthy 
vivianite on clay from Chellaston. near Derby, is on 
display at Sheffield City Museum (accession No. 
1971.644). Vivianite has not been previously 
described from Yorkshire; reported here are four 
occurrences of vivianite within the former county of 
Yorkshire, one at Howden (now in South 
Humberside), two in the City of York, and a fourth 
on the Yorkshire Wolds. 

At Howden, vivianite has been found in a borrow 
pit excavated in alluvial clay for use in bunding 
works along the adjoining river banks (NGR SE 740 
258). The pit, which is now flooded , exposed up 
to two metres of grey, slightly silty clay. near 
the base of which organic debris, including numer­
ous wood fragments, was abundant. Vivianite 
occurred as bright cobalt-blue earthy encrustations 
on much of this wood. The mineral degenerates 
to a paler powdery blue colour on prolonged expo­
sure. Some of the wood is in part impregnated with 
finely divided pyrite. Acicular efflorescences of 
gypsum were present on some specimens, no doubt 
derived from the breakdown of the pyrite. The 
vivianite at Howden all exhibited the characteristic 
blue colour. The colour change noted by Birley 
and Young (1993) at Vindolanda was not observed 
here. A representative sample from Howden has 
been deposited in the collection of the Yorkshire 
~useum, York (registration ~o. YORYM 
1993.719). 

Vivianite has been found at two sites in York 
City Centre, excavated by the Environmental 
Archaeology Cnit of the Cniversity of York. These 
sites are the General Accident Insurance Co. site 
at Lendal Bridge (SE 60 I 519). and the J orvik 
site at 16-22 Coppergate (SE 601 517). At this 
latter site vivianite occurred as a lining of worm 
tubes or possibly root casts as well as coatings on 
other organic material. The deposits on both sites 
date from the 9th to 11 th centuries (O'Connor, 
1989). 

Two small specimens of vivianite have been 
located recently in the collection of the Yorkshire 

120 

Museum (Nos. YORYM 1994.1781 and 1782). 
They were found in the early 19th century during 
archaeological excavation of a barrow on Huggate 
Wold, Pocklington (SE 86 57). The vivianite is pale 
blue. and intermixed with a grey chalky clay. 

The first three localities from which vivianite is 
here recorded are all within the prehistoric flood 
plain of the river Ouse, and all within 100 metres of 
the present river banks. It is probable that occur­
rences of vivanite in anaerobic organic-rich deposits 
are more common than the few published records 
would suggest. 
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LEADHILLITE FROM THE NORTHERN PENNINE 
OREFIELD, ENGLAND 

BRIAN YOUNG 
British Geological Survey, Murchison House, West Mains Road, Edinburgh EH9 3LA 

TREVOR F. BRIDGES 
10 Springfield, Ovington, Northumberland NE42 6EH 

EW A~ K. HYSLOP 
British Geological Survey, Murchison House. West Mains Road, Edinburgh FH9 3LA 

Although long known from its widespread occur­
rence in small quantity in the oxidised zones of 
many of the veins in its type area, Leadhills, 
Strathclyde Region (Wilson, 1921, p. 17), leadhillite 
(PbiS04)(C03h(OHh ) remains a comparatively 
uncommon British mineral. It is present at 
Drumruck mine, Gatehouse of Fleet. Dumfries and 
Galloway Region (Russell, 1936), and locally as a 
member of the supergene assemblage in several of 
the lead-bearing veins of the Caldbeck Fells, 
Cumbria (e.g. Greg and Lettsom, 1858, p. 399; 
Young, 1987, p.67; Cooper and Stanley, 1990, pp. 
10 I-I 02). Leadhillite has been reported, though 
without description, from Nether Stowey and 
Dodington near Holford. Somerset (Woodward. 
1872) and from an old lead mine at Kingston near 
Taunton, also in Somerset (Greg and Lettsom, 
1858), and has also been described from numerous 
localities in the central Wales mining district 
(Braithwaite, 19~2; Rust and Rust, 19~7; Bevins, 
1994). The only records of leadhillite from Pennine 
localities are those of Bertrand (1878), who 
described the mineral from the Matlock area. 
Derbyshire, though without more specific locality 
details; Flindall and Hayes (1976, p. 14), who noted 
its presence in Rutland Cavern, also in the Matlock 
neighbourhood; and Rust (1983), from Waterbank 
mine, Ecton, Staffordshire. 

Leadhillite has now been identified in one large, 
recently quarried block of veinstone from Close­
house mine, Middleton-in-Teesdale. Co. Durham 
(NGR NY 850 228). The mineral here occurs spar­
ingly in small cavities in oxidised galenaharyte 
veinstone as lustrous, white to colourless, hexago­
nal prismatic crystals up to 0.75 mm across and 1.0 
mm long. Identification was by X-ray powder 
photography (BGS X-ray No. XE 790). The line 
characteristic of the polymorph susannite as 
described by Livingstone and Russell (1985) was not 
found. Associated minerals include abundant cerus­
site. mostly as reticulated crusts of very thin tabular 
white crystals. In a few specimens lenticular, platy, 
off-white to pale buff crystals closely resembling 
hydrocerussite have been noted. Examination of 
these by X-ray powder photography reveals them 

to be cerussite, though the presence of a few lines 
suggestive of hydrocerussite, and their morphology, 
indicate that these are almost certainly cerussite 
pseudomorphs after original hydrocerussite. 
Clusters of well-formed terminated prisms of 
colourless anglesite together with traces of mala­
chite and linarite are also present locally in this vein­
stone. 

Closehouse open pit mine works baryte from vein 
and associated replacement deposits in an altered 
dolerite dyke of the Whin Sill suite, emplaced in the 
Lunedale Fault which here cuts Lower 
Carboniferous limestones. sandstones and shales 
that range from the Melmerby Scar Limestone up 
to beds above the Smiddy Limestone (Hill and 
Dunham, 1968; Dunham, 1990). Baryte is over­
whelmingly the most abundant primary mineral of 
the Closehouse deposit. Galena is present in minor 
amounts only with, in places, traces of sphalerite 
and pyrite. Other primary constituents include 
calcite, aragonite and a little quartz. In addition to 
those mentioned above, supergene minerals 
recorded from Closehouse mine include aurichalc­
ite. rosasite and pyromorphite (Young. 1985; 
Young et al., 1985; Dunham, 1990). 

In common with most Pennine lead veins, the 
most abundant lead supergene mineral at 
Closehouse is cerussite, though with local concen­
trations of anglesite. In an oxidising environment 
in a deposit of this sort the formation of cerussite, 
hydrocerussite. anglesite or leadhillite depends upon 
groundwater pH and the availability of carbon 
dioxide. In such an environment, pH is usually 
controlled by a balance between the availability of 
calcium carbonate from calcareous wall-rock and 
vein minerals, and sulphuric acid from the oxida­
tion of pyrite and other sulphides. The reaction 
between the sulphuric acid and calcium carbonate 
releases carbon dioxide. Figure I (solid lines) 
shows the stability field relationships between cerus­
site, hydrocerussite, leadhillite and anglesite at 
p(C02) = 10-382 (0.015% v/v). Under these condi­
tions, which can arise if rainwater percolating 
through the veinstuff dissolves small quantities of 
calcium carbonate without free access to air, cerus-
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FIGURE 1. Stability field diagram at 25°C and 1 atmosphere total pressure .for cerussite, hydrocerussite, 
leadhillite and anglesite, at p(C02) = 10-382 (solid lines) and 10 245 (broken hnes). The n.ecessary t?ermo­
chemical data are taken from Robie et al. (1978) and Smith and Martell (1976) exceptmg cerussite and 
hydrocerussite (Taylor and Lopata, 1984) and leadhillite (Abdul-Samad et al., 1982). 

site and hydrocerussite can form in equilibrium with 
each other and with leadhillite. At lower partial 
pressures of carbon dioxide hydrocerussite is the 
stable lead carbonate phase. At higher partial pres­
sures cerussite is stable. Cnder these conditions 
leadh illite occupies a narrow field between the 
carbonates and anglesite. However. as the level of 
ca rbon dioxide increases, the leadhillite field moves 
to lower pH and narrows until at a p(C0 2) of 10-245 

(0. 35% v/v) it is eliminated (Fig. I, broken line), and 
at higher carbon dioxide levels cerussite and angle­
site are the only stable minerals that coexist in equi­
librium. T he above is a relatively low level of carbon 
dioxide for an oxidising mineral vein. For example, 
smithsonite is by far more common than hydro­
zincite in oxide zones, and smithsonite requires a 
p (C0 2) a t or above 10-14 1 (3.9% v/v) before it 
becomes stable (Williams, 1990). 

We conclude that during supergene alteration 
within the baryte-dominated Closehouse orebody, 
the groundwater pH has locally fallen to levels at 
which a nglesite has formed and, in rare instances, 
reached the comparatively restricted conditions 
favoura ble to leadhillite and hydrocerussite forma­
tion . The unusual chemical conditions under which 
leadhillite and hydrocerussite can form will be 
attained only exceptionally in veins with the miner­
alogical content and wall-rock composition typical 
of most Pennine veins. Such conditions may be 
expected to occur rather more commonly in rela­
t ively carbonate-poor (though not carbonate-free) 
vein - and wall-rocks such as those found in the 
Leadhills , Caldbeck Fells and central Wales 
orefie lds, the British localities in ""hich leadhillite 
and hydrocerussite is most commonly found. 
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CINNABAR FROM THE CALDBECK FELLS, 
CUMBRIA, ENGLAND 

TL\10THY NEALL 
Greenside. Kirkbride, Cumbria CAS SJH 

MICHAEL LEPPINGTO~ 
Harrat Hill, Cockermauth , Cumbria CAl3 OBL 

Cinnabar is well kno\\ n from the Pennine orefields 
(Braithwaite et al. , 1963; Young et aI. , 1989) but is 
rare in the Lake District. The first confirmed occur­
rences of cinnabar in the Lake District were in 
panned concentrates from streams to the north and 
west of Cocker mouth where it is widespread in small 
amounts (Cooper ef aI. , 1991 , 1992) . The unly 
record of cinnabar from the Caldbeck Fells is a 
rather unsatisfactory reference by Goodchild (1 ~f<2, 
p. 105) to a n unconfirmed report in an unnamed 
101:al new::;paper. A prel:ise ILlcality was nLlt given 
and Goodchild himself douhted the occurrence. 

Cinnabar has no\\ be~n identified at Potts (Till 
baryk mine (NGR 1\. Y 320 366) and at Dry Gill 
nline (~Y 322 345). Idc:ntilication was originally by 
means of microchemical tests and was confirmed by 
energy-dispersive X-ray analys is. 

At Potts Gill mine cinnabar occurs as very thin, 
bright crimson to brick-red. earthy or glistening 
granular coatings in tiny «2 mm) cavities in highly 
cellular quartz. The cellular nature of the quart7 

appears to anse from the leaching of sulphides, 
traces of which survive. The residual sulphides 
consi st of sphalerite and smaller quantities of chal­
COpy rite. White laminar baryte is a minor primary 
constituent of the assemblage. The cinnabar is asso­
ciated with a suite of supergene minerals of which 
adamite, hemimorphite and philipsburgite are the 
most abundant. though olivenite and agardite are 
locally common . The cinnabar-bearing quartz has 
a very restricted distribution, being confined to a 
small area of dumps in and immediately west of Gill 
Beck. below the track to the Deer Hills trial. The 
source of this material is not known, but it is possi­
ble that it came from a small trial level a little 
upstream from the main Poth Gill mine levels but 
at approximately the same elevation. This level was 
possibly a trial on the outcrop of a minor east-west 
v~in known as 'Rainbow lode'. 

AL Dry Gill mine cinnabar occur~ as bright red 
earthy coatings in 2-5 mm diameter voids in 
:..:oar<;ely granular quartz. A little residual sphalerite 
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or a formless, earthy iron manganese oxide is often 
associated with the cinnabar, and the quartz is often 
partly encrusted with black manganese oxide and 
the campy lite variety of mimetite. The cinnabar­
bearing quartz was found amongst loose spoil from 
the floor of the gill. but the occurrence of campylite 
on some of the specimens strongly suggests that the 
source was the Dry Gill lead vein. 
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ANALYSES OF CALCIAN PHOSPHATIAN 
VANADINITE, AND APATITE HIGH IN LEAD, 

FROM W ANLOCKHEAD, SCOTLAND 

ALEC LIVII~GSTO"NE 
Department of Geology. Royal Museum of Scotland, Chambers Street. 

Edin burgh EH 1 1 JP 

A recent investigation (Livingstone, 1994) into 
white, chalky, fluorine-bearing carbonate-apatite 
associated with globular vanadinite from Belton 
Grain vein, Wanlockhead*, revealed that it 
contained 22-23 wt % PbO. The plumboan apatite 
appears to post-date vanadinite formation. Frenzel 
(1881) published an analysis of a Wanlockhead 
vanadinite which conta;ned 3.25 wt % CaO and 2.93 
wt % Pps. Consequently the composition of the 
vanadinite became of interest. Polished sections 
were prepared using globules of vanadinite, which 
ranged in colour from the characteristic orange­
brown to, rarely, cream. Utilising a Camebax 
Cameca electron-microprobe. with wollastonite. 
apatite, fluorite, halite. lead and vanadium stan­
dards, the significant calcium and phosphorus 
values previously reported have been confirmed. 

Table I shows that the vanadinite contains appre-

ciable calcium and phosphorus (maximum 4.8% 
pps in analysis 10). Low V is associated with high 
P levels, suggesting structural replacement; calcium 
probably replaces lead. A plot of Ca atoms against 
P atoms in the vanadinite (Fig. 1) reveals an unex­
pected coupled substitution of Ca and P, with an 
average Ca/P ratio of 0.36. This ratio is too low for 
the Ca and P content to be explained by the pres­
ence of diffused, sub-micro metre inclusions of 
(plumboan?) apatite; for apatite, Cas(P04hF, the 
Ca'P ratio would be 5:3 or 1.67, and somewhat 
lower for plumboan apatite. One vanadinite globule 
contained a 10-20 J.lm band of calcian pyromorphite 
(with 0.16% Vps), close and parallel to two crystal 
faces. A consistent pattern of phosphorus distribu­
tion globule-to-globule did not emerge; some exhib­
ited a fairly uniform content whereas others showed 
a slight increase towards the rim. 

*A colour photograph of one such specimen (l\'"~S G 1991.31.85) is reproduced on the cover of the last issue of this Journal 
(vol. 5, part I, 199~). 
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TABLE I. Electron-microprobe analyses (wt %) of calcian phosphatian vanadinite from Belton Grain 
vein , Wanlockhead. 

Analysis 2 3 4 5 6 7 R 9 

PbO 79.95 80.26 80.47 80.24 79.23 79.91 79.75 79.77 78.45 
CaO 0.3S 0.06 0.89 0.04 0.47 0.30 0.27 0.53 1.37 
V,O, 17.70 18.47 15.33 18.60 17.45 18.16 Its .39 16.6S 15.04 
P;O; 1.25 0.40 2.98 0.31 1.52 0.92 0.75 1.95 3.76 
CI 2.30 2.28 2.28 2.29 2.27 2.30 2.27 2.25 2.23 
TOlal 101.58 101.47 101 .95 101.48 100.94 101.59 101.43 101.18 100.85 
O=CI 0.53 0 .52 0.52 0.52 0 .52 0. 53 0.52 0.51 0.51 
TOlal 101.05 100.95 101.43 100.96 100.42 101.06 100.91 100.67 100.34 

ATOMS ON BASIS OF 12 OXYGENS 
Pb 4.80 4.89 4.79 4.89 4.75 4.80 4.79 4.79 4 .58 
Cu 0.09 0.01 0.21 0.01 0.1 I 0.07 0.06 0.13 0.32 
V 2.61 2.76 2.24 2.78 2.57 2.68 2.71 2.46 2. I 5 
P 0.24 0.08 0.56 0.06 0.29 0.17 0.14 0 .37 0.69 
CI 0.87 0.87 0.86 0.88 0.86 0.87 0. 86 0.85 0.82 

Analysis 10 I I 12 13 14 15 16 17 18 

PbO 79 .67 80.11 79.44 79.41 81 .07 79.25 79. 19 80.22 79.47 
CaO 1.42 I. I 9 0.73 0.72 0 .91 1.21 0.46 0 .20 0.35 
VP~ 13 .21 14.00 16.01 15.67 14.26 15.32 18.23 17.67 17 .00 
PP" 4.79 4 .13 2.64 2.63 3. 15 3.32 0 .83 0.95 1.57 
('I 2.28 2.27 2.27 2.37 2.33 2.29 2.21 2.23 2.1 8 
Total 101 .37 101.70 101.09 100.80 101.72 101.39 100.92 101.27 100.57 
O=CI 0.52 0 .52 0.52 0.54 0.53 0.52 0.51 0.51 0.50 
Total 100.85 101.1 8 100.57 100.26 101.19 100.87 100.41 100.76 100.Q7 

ATOMS ON BASIS OF 12 OXYGE"IS 
Pb 4.68 4.73 4.73 4.79 4.94 4.66 4.76 4 .88 4 .83 
Ca 0.33 0.28 0.17 0. 17 0.22 0.28 0.1 I 0.05 0.08 
V 1.91 2 .03 2.34 2.32 2.13 2.21 2.69 2.64 2.53 
P O.R9 0 .77 0.49 0.50 0.60 0 .61 0. 16 0. 11:1 0.30 
CI 0.84 0 .84 0 .85 0.90 0.89 0.85 0 .1)4 0 .85 0.84 

1-4. Brown vanadinite, NMS G 552.9, single spot per grain . 5-7. Orange vanadinite, NMS G 552. 19, two grains. 
8-11. Brown vanadinite, NMS G 552.6, 8-9 core, 10-11 rim of one grain. 12-13. Brown vanadinite, NMS G 552.6, 12 core. 
13 rim. 14-15. Brown vanadinite, NMS G 1991.3 1.84, 14 co re, 15 rim. 16-17. Brown vanadinite, NMS G 1991.31.84, two 
spots on same grain. 18. Cream vanadinite on plumboan apatite, NMS G 552.9. 

Vanadinite globules are sometimes rimmed by 
plumboan apatill! (Table II). which increases in lead 
content as the vanadinite boundary is approached , 
the highest lead content found being 30-32(;/0 PbO 
(Table II, analyses 22 and 25) . These high values are 
not attributable to grain edge effects, for VPs is no 
higher than that in plumboan apatite with less lead . 
On the basis of lOcations, anal ysis 22 yields a cation 
composition of (Cag.osPbI9s) ' comparable with that 
previously obtained (Livingstone, 1994). The analy­
ses in Table II show low totals because the apatite 
conta ins H 20 and carbonate (Livingstone, 1994); 
the variability of the totals is related to the observed 
differences in stability under the electron beam of 
the analysed samples. 
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formula unit in Wanlockhead vanadinite (analyses 
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TABLE U. Electron-microprobe analyses (wt %) of plumboan apatite from Belton Grain vem, 
Wanlockhead. 

Analysis 19 20 21 22 23 24 25 26 

CaO 46.23 43.37 45.37 34.84 38.93 44.69 34.90 43 .63 
PbO 13.73 19.37 13.61 33.63 27.78 16.44 30.22 18 .50 
pps 33.92 31.52 32.43 29.67 30.77 32.47 28.56 31.71 
VPs 0.04 0.04 0.03 0.06 0.05 0.06 0.05 0.05 
CI 0.04 0.09 0.03 0.67 0.36 0.10 0.30 0.09 
F 2.96 2.54 2.03 1.99 2.60 2.52 2.25 2.44 
Total 96.92 96.93 93.50 100.86 100.49 96.28 96.28 96.42 
O=('t+F 1.26 1.09 0.86 0.99 1.17 1.08 1.02 1.05 
Total 95.66 95.84 92.64 99.87* 99.32'" 95.20 95.26 95.37 

• When the sum is nonnalised to 95.5%, PbO becomes 31.96 and 26.4%, respectively. 
19. Plumboan apatite, NMS G 1991.31.84. 20-21. Plumboan apatite, NMS G 552.9. 22-24. Plumboan apatite, NMS G 
1991.31.83. 
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25-26. Plumboan apatite, NMS G 1991.31.84. 
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BOOK REVIEWS 

Klein, C. and Hurlbut, C.S., Manual uf Mineralogy 
(after James D. Dana). 21st edn. John Wiley & 
Sons. New York & Toronto. 1993. xii + 682 pp., 
80 tables, 687 figs. 4 colour photographs. Price 
£22.95. ISBN 0-471-59955-7. 

This book, the latest generation of a long ancestry, 
bears little resemblance to James Dwight Dana's 
original Manual of Min era lor;y of 1848. Dana would 
surely be pleased with, as well as amazed at, this 
edition, which clearly illustrates how much our 
science has advanced in recent years. 

This is quite a large book, of near-A4 format and 
2.5 cm thick, with soft covers. and is profusely illus­
trated, including four excellent colour photographs 
of displays of gemstones. It is clearly written, well 
edited and well produced. There are lots of useful 
tables, and even the insides of the front and back 
covers are utilised, with extra tables of units, 
symbols, ionic radii and coordination, crustal abun­
dances of common elements, a stereographic nd, an 
interference colour chart, etc. An excellent table 
(4.8) of effective ionic radii is presented in the form 
of a periodic table of ions; the negative values for 
C4+ and N5+ in 3-fold coordination may puzzle some 
readers, and an explanatory footnote would have 
helped, mentioning their coordination with oxygen. 
In addition to the normal subject index, there is a 
mineral index which doubles as a table of the species 
mentioned in the book, with chemical formulae and 
physical data. There are also tables of minerals in 
order of increasing refractive index and specific 
gravity, though these are again restricted to the 
species discussed in the book. A large determinative 
table, of 32 pages, lists lustre, colour, streak, cleav­
age. hardness, and specific gravity; like most such 
tables, it looks very useful, but I have always found 
them disappointing when it comes to actual mineral 
identifications! 

This will make a very useful textbook for students 
and from the point of view of the serious amateur 
is an excellent reference book, with well-written 
chapters to explain subjects such as crystallography, 
crystal classes, symmetry, crystal structures. crystal 
chemistry, petrology, gemmology. and determina­
tive techniques. The techniques include X-ray 
diffraction, optical and other physical methods; X­
ray fluorescence and electron microprobe methods 
are explained, but curiously not scanning electron 
microscopy. Other unfortunate omissions are 
infrared spectroscopy and simple microchemical 
tests. About half the book is devoted to explaining 
the principles of modern mineralogy, the other half 
to systematic mineralogy the description of 
mineral species. The range of species discussed is 
limited to about 200 of the more common ones. The 
choice of species display:, the normal geologists' 

petrological bias and, not surprisingly, the localities 
show an American bias. A number of less common 
species are listed as 'similar species', but many of 
the rare minerals so interesting to amateurs as well 
as to professional mineralogists are missed out. Out 
of over 3200 known mineral species, about 850 
contain silicate, but the description of silicates in 
this book occupies 118 pages, and of all other classes 
106 pages, with the phosphates, arsenates and vana­
dates occupying only 7' / 2 pages. Chapter 14 
(Mineral assemlages: introduction to rock types and 
vein mineralization) is excellent, and many readers 
will enjoy the final short chapter on Gem minerals. 

R.S.W. Braithwaite 

Blackburn, W.H. and Dennan, W.H. , Principles of 
Mineralogy, 2nd edn. Will C. Brown, Dubuque, 
1994.409 pp. Price £19.95. 

The first edition of this text, which is aimed at junior 
North American undergraduates, has a copyright 
date of 1988. This edition, "incorporating many 
helpful and constructive comments", has a 1994 
date, suggesting that there has been a significant 
market for this book and that the pace of American 
academic life be swift. The book falls securely into 
the seemingly endless number of American texts that 
concentrate on a rigorous exposition of crystallog­
raphy, mineral chemistry and physics, phase equi­
libria, etc., to a depth that, I suspect, is no longer 
taught in most British earth science departments. 
These books are polymorphs - they have essen­
tially the same content but differ in structure, hard­
ness and habit. In this example the text follows the 
style and format of Mineralogy by Berry and Mason 
and, less closely, that of Rutley's Elements of 
Mineralogy. in that detailed mineral descriptions 
and determinative tables follow a set of general 
theoretical chapters. 

The book is divided into three parts. Part one (160 
pages) covers ' theoretical considerations' and is split 
into eight chapters on symmetry; crystallography; 
atomic and molecular bonding; mineralogic (sic) 
variations (a catch-all chapter of diverse subjects 
including triangular composition diagrams, exsolu­
tion, twinning and polymorphism); phase equilibria 
and crystal growth. All the chapters are illustrated 
very well with many line drawings. Phase equilib­
ria, crystallization and habit are particularly clearly 
explained. The final chapter, entitled 'Geological 
Framework', deals with minerals as components of 
igneous, metamorphic or sedimentary rocks or as 
part'> of mineral deposits . This is disappointing -
it has a ~lightly dated feel and there is an over­
emphasis un porphyry copper deposits. 

Chapters 9- 12 belong to the second part: 'Practical 
Mineralogy'. fifty pages of techniques. Macroscopic 
properties are followed hy optical properties and the 
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use of the petrological microscope (too brief for 
most undergraduate courses) and then the full range 
of black boxes. This chapter concentrates on the 
principles behind each technique, describes in good 
detail the hardware. and then finishes with an intro­
duction to statistics. The final chapter concentrates 
on all forms of X-ray diffraction. X-ray diffraction 
in a number of recent American texts is given equal 
space to optical petrography despite, I assume, the 
greater availability of microscopes. 

The final part (chapters 13-21) is 150 pages long. 
describes 178 common minerals in detail (Berry and 
Mason give approximately 200) and mentions by 
name and formula a further 740. The chapters are 
divided chemically, beginning with native elements 
and ending with silicates which make up 40% of this 
final part. For each mineral the formula and etymol­
ogy of the name is followed by crystallographic and 
structural data, physical properties (but not optical 
properties in polarized light), associations, occur­
rence, alteration, and finally variants and related 
minerals - hence the extra 740 names. Most miner­
als have a structural diagram assigned to them and 
many have a black and white photograph of a 
museum specimen. 

There is a 24-page appendix comprising determi­
native tables. The first two are short; B 1 lists miner­
als based on rock associations, B2 gives minerals 
that have very distinctive properties, for example 
being water-soluble or magnetic, but the main table, 
B3, is comprehensive and determinations are made 
based upon lustre, cleavage, hardness and colour. 

However, what is the market and where are the 
classes for such texts? Whilst undergraduates could 
learn much from parts one and two of this book, I 
doubt many of them would use the final chapters. 
Cndergraduates, serious mineral collectors and 
amateurs learn mineral identification by the oral 
tradition. by asking someone, or, if the species is 
obscure, hy obtaining X-ray diffraction data or a 
microscopical identification. Like microscopy, 
macroscopic mineral identification is not a book art , 
it is a taught skill, and mineral lists giving hand spec­
imen properties are, at best, there for the sake of 
completeness. In particular, repeating the litany of 
blowpipe tests for minerals has much the same value 
as the constant repetition of Egyptian King lists. 

To summarize, this book is a good exampk of the 
genre; it is a useful undergraduate text and value for 
money. However. it is too complex for the amateur 
but not eclectic enough for the serious mineral 
collector, and many of the data could be obtained 
from a second-hand copy of Berry and Mason. 

R.A. Txer 

Brocardo, G., \1inerals and vemstones ottheWorld. 
David and Charles, Newton Abbot, Devon, 1994. 
215 pp, 156 colour photographs. Price £10.99 
(paperback). ISBN 0 7153 0197 7. 
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This handy identification guide (translated from 
Italian) comprises an excellent text in the first 43 
pages, followed by 156 pages with colour plates of 
mineral specimens, together with a pictographic 
table below each which uses easily identified 
symbols to allow rapid selection from a mass of 
detailed information on the characteristics and 
properties used to classify and identify the mineral. 
The order of presentation of the minerals is by their 
overall colour. 

The colour photographs are generally excellent, 
but the specimens to be shown were all selected from 
the Turin Museum of which the author is Director; 
there is thus a tendency to select rather rare species, 
e.g. buergerite, creedite and greenockite. 
Admittedly, we are told that these are rare or 
extremely rare , but with only some four percent of 
known mineral species on display the inclusion of 
such rare species must be questioned. Also, we are 
shown some unusually coloured varieties, e.g. violet­
pink cobaltian calcite (though, no doubt by a slip, 
the formula is given beneath the plate as CaC03); 

similarly, we have a rather bilious yellow quartz, 
labelled prase. Another problem users may find is 
with the colour descriptions in the pictograms: it 
turns out that the colour indicated there is that of 
the mineral powder rather than the hand-specimen 
appearance - thus we have a representative picture 
of kyanite. we are told the name is for the blue 
colour, but the pictogram indicates merely white or 
pale. U nder epidote, piemontite is mis-speit and the 
selected sample of epidote is yellow-brown rather 
than the typical pistachio green. 

Despite these reservations (colour giving a collec­
tor such an important clue), I would happily recom­
mend this useful little book to a beginner. 

R.A. Howie 

Bevins, R.E., A Mineralogy nj Wales. National 
Museum of Wales, Geological Series ~o. 16, Cardiff, 
1994. 146 pp. Price £25. ISBN 0 7200 0403 9. 

This book is the first comprehensive compilation of 
the mineral species occurring in Wales. It is essen­
tial reading for anyone with an interest in the miner­
alogy of the Principality. After a brief Foreword and 
Introduction. the latter giving lists of those miner­
als that were first described from Wales, and the first 
British Isles occurrences from Wales, the main body 
of the text is in two chapters. 

The first chapter, titled 'Yfineral Occurrences in 
Wales' (22 PPJ. outlines the geology, mineralogy and 
distri bution of the occurrences. Rock forming 
minerals are not neglected and are covered under 
igneou~, metamorphic and sedimentary headings. 
The~e are followed by comprehensive coverage of 
hydrothermal mineralisation and a final brief 
mention of superficial deposits. This chapter is very 



clearly written. There are brief outlines of basic 
mineral emplacement principles and unnecessary 
jargon has been avoided. Anyone with a modest 
knowledge of geology should have no difficulty in 
understanding the text. In addition to some 
photographs of sites, and thin sections to illustrate 
rock forming minerals. there are ten maps which 
show the distribution and position of the miner­
alogical sites. Map references are not included, so 
would-be visitors to the sites will have to do some 
further research in most cases. 

The second main chapter, simply titled The 
Minerals' (97 pp), describes the 300-plus minerals 
noted from Wales at the time of going to press. 
Included are references to some occurrences which 
have since been discredited or are doubtful. but are 
nevertheless important in a historical context. For 
each mineral entry there is a brief outline of the 
normal mode of occurrence, with chemical formula 
and group affiliation. Then follows a detailed 
description of the Welsh localities where the mineral 
has been recorded. Full references for each locality 
are included and the depth of the literature search 
is exemplified by the fact that even newsletters of 
mineralogical societies are included. The final pages 
are devoted to the literature reference list and the 
index. 

The presentation is similar to those of the 
BM(NH)/NHM books on Cornwall and Devon and 
on the Caldbeck Fells, except that historical chap­
ters are not included. No attempt has been made to 
illustrate all minerals, but the pages contain many 
superb colour photographs which clearly show the 
beauty and range of specimens found within the 
Principality. Aficionados of typographical errors 
will find a few but, overall, like everything else about 
this book, the checking of the text has been done 
very well. 

T.F. Bridges 

Kelly, D., The Red Hills. Red Earth Publications, 
Ulverston. Cumbria, 1994. 176 pp. 52 photographs. 
40 maps. Price £9.99. ISB;-.J" 0-9512946-7-9. 

In common with many authors who have written 
about the west Cumbrian hematite mining field, I 
have over the years often been obliged to comment 
on the surprising lack of any comprehensive history 
of these mines. I was about to do so yet again when 
Red Earth Publications announced Dave Kelly'S 
Book. 

The book begins with a very brief introduction to 
the geology and mineralogy of the deposits, which 
is followed by almost equally brief outlines of the 
mine owners, the miners and the working of the 
mines. The main text chronicles the history of virtu­
ally every mine in the main orefield between 
Egremont and Lamplugh, with brief mention made 

of south Cum brian mines including Hodbarrow. 
The Furness district is not included. Notes are given 
for a few hematite mines and trials in the adjoining 
fells of the western Lake District. Very brief chap­
ters on ironworks and railways conclude the main 
text. An ample selection of photographs, mainly old 
ones, gives a welcome glimpse of several mines 
which have long been famous to the mineralogist as 
localities on specimen labels. The sites of mines and 
individual pits are a valuable aid to anyone not 
familiar with the area. 

The author and publisher are to be congratulated 
on attempting to fill such a long-standing gap in the 
history of British mining. The layout is easy to 
follow, the photographs mostly reproduce well and 
the maps, though in manuscript form, are service­
able but almost universally lacking in scales. There 
are, however, some grounds for serious criticism. 
Even accepting that the book is primarily an histor­
ical account, the reader is entitled to a better intro­
duction to the deposits than that offered in Chapter 
1. A fundamental misunderstanding of even the 
most elementary of geological principles is appar­
ent here. Amongst these the citing of Kendall's work 
dating from 1893 and even earlier as the accepted 
authority on the origin of Cumbrian hematite is 
frankly astonishing. Whereas the author cannot be 
expected to be a qualified geologist it would surely 
have been sensible for him, or his publisher, to seek 
a modicum of technical advice before committing 
this chapter to print. 

The historical chapters which follow are distin­
guished by an economy of writing. Certainly this 
book is not burdened with the oppressive weight of 
irrelevant detail which characterises so many recent 
mining histories. However, there are clearly some 
factual errors. For example, Beckermet Mine is 
stated to have closed in 1973: Haile Moor Mine 
closed in 1973, Beckermet worked until 1980. 
Frequent reference is made to the dates of aban­
donment of mines. It is not clear, however, whether 
the dates given are the dates of closure when mining 
c~ased or the date of abandonment when statutory 
abandonment plans were lodged with the Mining 
Records Office. Instances of several years separat­
ing these two events are by no means uncommon. 
One is left wondering whether the text's brevity is 
the result of careful sifting of data or the limit of 
the author's research. 

A number of editorial idiosyncrasies are apparent. 
The main text is broken into three parts for no 
obvious reason. The maps, mostly lacking in scales, 
are col1ect~d together at the end of the book. They 
would function much better if included with their 
relevant section of text; one or two have their titles 
transposed. A final disappointment is the bibliog­
raphy. A number of obvious important works are 
inexplicably absent, and most of those which are 
given are in such an abbreviated form as to render 
them untraceable. 
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The book is a useful addition to the literature of 
British mining history: had more care been taken in 
its preparation it could have been an important one. 
It can thus be recommended if only because there 
is no alternative text. 

B. Young 

Birch, W.O. and Henry, D.A. (eds), Phosphate 
Minerals of Victoria. Special Publication No.3, 
Mineralogical Society of Victoria, Melbourne, 1993. 
viii -J,.. 182 pp., 215 figs. Price, Australian $40.00 (+ 
overseas postage S15.00 seamail, $26.00 airmail). 

This well illustrated book describes forty-eight 
recorded phosphate minerals in their various asso­
ciations and geological environments, including 
granites, sediments and cave deposits. The text is 
illustrated with photographs (115 in colour), maps, 
crystal drawings and SEM photographs. 

After an introductory chapter, there are compre­
hensive reports on the phosphates in granites and 
in mafic igneous rocks, including microprobe analy­
ses of fluorapatite, cyrilovite, kidwellite, leucophos­
phite, eosphorite, wardite and rockbridgeite, 
together with locality details and mouth-watering 
colour photographs of libethenite, sampleite, 
saleeite. torbernite, turquoise , ulrichite , eosphorite 
and wycheproofite. Turning to the phosphates from 
oxidised sulphide deposits, detailed descriptions, 
microprobe analyses and photographs are presented 
for green, brown and yellow pyromorphites. 
Sedimentary phosphate deposits are widespread in 
Victoria and are hosted by Palaeozoic black slates, 
sandstone/siltstone, Tertiary marine strata with 
phosphatic nodules. and terrestrial alluvial deposits. 
Wavellite. cacoxenite. ftuellite, rockbridgeite. sasaite 
and turquoise are described from the black slate 
deposits. whereas vivianite is the dominant phos­
phate in the sandstone/siltstone-hosted deposits. 
Spectacular large blue or green vivianite crystals 
were also found in volcanic tuff at Wannon Falls. 
The detrital phosphates are mainly represented by 
monazite-(Ce), for which 18 analyses are given. 

Guano deposits in the Skipton and Parwan cave 
systems contain significant suites of phosphate 
minerals; full descriptions are given for struvite. 
hannayite. newberyite, schertelite, sasaite and 
dittmarite from the Skipton lava cave and for mont­
gomeryite. carbonate-hydroxyftuorapatite and 
gordonite from Parwan caves. The bibliography 
includes some ISO references. 

This book is the third in a series published by the 
Mineralogical Society of Victoria, the first having 
dealt with minerals of the Maldon Goldfield, and 
the second with the zeolites of Victoria. This 
comprehensive book on phosphates fills an impor­
tant gap, as little had been previously written on 
phosphate minerals and their localities within 
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Victoria, and much of the material presented repre­
sents the results of detailed research b) the senior 
editor. The high standard of the illustrations and 
the very complete locality details will make this 
book attractive to all interested in topographic 
mineralogy. 

R.A. Howie 

Regional Geochemistry of the Lake District and 
Adjacent Areas. British Geological Survey, 
Keyworth, ~ottingham, 1992. A3 format, 98 pp, 32 
colour images, 1 :250,000 geological map. Price £50. 

This substantial publication is the ninth in a series 
being prepared to provide a systematic picture of 
the geochemistry of the whole of Britain. starting in 
Shetland and progressing southwards. This issue 
follows the format and style of the previous volume 
covering the East Grampian area. Whilst adopting 
a more comfortable page size than the seven earlier 
volumes, the double A3 format still requires a good 
amount of space in which to open the book -
certainly non-ideal when reading on a transatlantic 
crossing in a 747 as I did for this review! That apart, 
the book is nicely presented on good quality paper 
and well illustrated throughout. 

The aim of the Geochemical Survey Programme 
is to identify new occurrences of metalliferous 
minerals and to provide quantitative data on natural 
element levels which may be used to assess envi­
ronmental contamination. It seems likely that the 
environmental applications are set to become 
increasingly important in the future. Professor 
Charles Curtis in his foreword reviews the history 
of Lake District research and comments on basic 
geochemical processes. There are introductory. 
comments on how primary sediment characteristics 
and composition may be affected by weathering 
processes and the composition and properties of 
surface and stream waters. 

Considerable background information is given 
regarding sample collection methodology, chemical 
analysis, data and image processing, together with 
statistical analysis and data interpretation. Some 
6200 sites were sampled over a three-year period, 
giving an average density of one sample every 1.6 
km2, the sites being situated , where possible, on first 
or second order streams. Explanation is given of the 
precautions taken to ensure repeatability and accu­
racy during the sampling and analytical operations. 

A comprehensive review of the geology and miner­
alisation of the region occupies 15 pages, providing 
a thorough, up to date account of current knowl­
edge, together with maps and photographs. The 
map of 88 selected mineralisation localities, with 
name, national grid reference. and principal ores, is 
:-lightly irritating to use in that the numbering of 
localities appears to follow no defined pattern in 



relation to the spatial distribution of points on 
the map. 

A reference on page 19 to the reports by Ward 
(1876) and Postlethwaite of a mass of pure stibnite 
weighing up to 50 kg recovered from Troutbeck 
Station raises the intriguing possibility of a signifi­
cant, but as yet undiscovered, antimony deposit 
concealed by drift. 

The bulk of the atlas is, of course, given over to a 
series of 32 computer-generated, full-colour maps for 
specific elements in stream sediments. Each map 
includes a summary table showing key statistical 
data, together with a frequency distribution for 
elemental concentration. The page facing each map 
carries a description of the occurrence and the 
geochemistry of each featured element in turn. These 
accounts are rather repetitive and one is left with the 
feeling that almost all significant geochemical anom­
alies are the result of metallic or man-made contam­
ination, rather than mineral deposits or geology; but 
this is perhaps as much as one might expect. There 
are, however. one or two interesting exceptions. 

The previously unrecorded copper mineralisation 
in Dodd Wood might be worth following up: 
together with the occurrence of 200 ppm of 
lanthanum west of Walden Beck (perhaps raising 
the possibility of finding lanthanite), and a 20,000 
ppm anomaly with Ba, Zn and other elements near 
Ireby, which may be due to a mineralisation site. 
The entries for manganese and molybdenum include 
interesting anomalies, and there is a significant 
uranium anomaly south of Cow Green Reservoir. 

At the back of the volume, a new feature is the 
inclusion of combined anomaly maps which show 
well the association of related elements, e.g. Sr and 
Ba; Cd and Zn; Co and Mn; Pb, Zn and Ag; As, 
Sb and Bi. 

Although the occurrence of gold in association 
with As, Sb and Bi is mentioned a couple of times, 
no map or data are given for gold in stream sedi­
ments - a surprising omission. Presumably gold 
data are commercially valuable and can be sold as 
specialised reports. 

Overall I found the atlas an interesting read for 5 
or 6 hours. As is perhaps inevitable with a publi­
cation of this nature, a sprinkling of typographical 
errors may be found throughout the text, but these 
do not detract from the value of the work. The book 
can be recommended as a standard work in its field, 
and will doubtless find a place in all good libraries 
associated with earth science. At £50, and given its 
specialist appeaL it is unlikely to be taken up to any 
great extent by the amateur mineralogist or collec­
tor. However. both of these groups would be well 
advised to browse through the pages, and especially 
the excellent list of 335 references, as a means of 
gaining new leads for field work and hopefully to 
increase their understanding of the geology and 
mineralisation of this area. 

R.E. Starkey 

Jones, G.c. and Jackson, B., Infrared Transmission 
Spectra of Carbonate Minerals. Chapman and Hall, 
London, 1993. xv 1- 234 pp. Price £75. ISBN 0-412-
54650-7 . 

The lack of adequate collections of reference data. 
such as exist for X-ray diffraction patterns, has been 
a major obstacle in the development of infrared 
spectrometry as a relatively cheap and rapid tech­
nique for identifying minerals by matching their 
spectra with those of authentic reference samples. 
This book. the result of a collaboration between the 
Natural History Museum in London and the Royal 
Museum of Scotland in Edinburgh, is a welcome 
first step on the road to such a database, and covers 
the carbonate minerals. All the common species are 
here, as well as many rare species whose spectra are 
recorded for the first time. It is, of course, a book 
for the specialist; its very high price alone will ensure 
that, apart from some libraries. only the serious IR 
user will buy a copy. 

The actual spectra (4000-300 cm') of about 110 
species are reproduced here, out of some 230 
carbonate-containing species listed in Hey 's Mineral 
Index - a very respectable proportion, considering 
that only samples of undoubted authenticity and 
purity were used, nearly all checked by XRD and 
some also analysed (and this distinguishes the book 
from most previous compilations of this type). Each 
facing page carries details of the specimen used, 
some comments, up to four literature references, 
and a table of measured absorption peak frequen­
cies. This last is essential since the spectra, obtained 
with a Fourier Transform instrument and of excel­
lent 4uality, are presented in the now familiar, user­
unfriendly, computer-plotted form with scanty scale 
markings (and their machine can't even divide a 
range of 100 or 1000 cm ' into five instead of the 
irritating four divisions!). But this is a trifling criti­
cism, which the user can largely overcome by 
labelling the prominent peaks on his or her copy 
using the frequency tables provided. Overall the 
book is very well produced, on good thick paper, 
and the spine cleverly hides a spiral binding that 
allows it to open flat. 

My only real disappointment is that the authors 
do not provide, or even discuss, any means of using 
this library of spectra for identifying an unknown 
from its spectrum. Most carbonates can be easily 
recognised as such from their spectra, and one can 
then simply leaf through this book to try to find a 
matching spectrum. But this is obviously not a 
general solution, and impractical for a larger collec­
tion of reference spectra (imagine attempting to use 
the Powder Diffraction File without the search 
manuals!). The problem needs to be addressed in 
any future extension of the authors' work. I have 
two more wishes: that this book should remain in 
print for a long time (pre\ ious compilations of IR 
spectra are now hard to obtain, even on loan); and, 
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of course. that further volumes. on phosphates. arse­
nates. sulphates, etc., should follow. 

G. Ryback 

Wilson, M.J. (ed.), Clay Mineralogy: Spectroscopic 
and Chemical Determinative Methods. Chapman 
and Hall, London, 1994. x + 367 pp, 146 figs, 22 
tables. Price £79. ISBN 0-412-53380-4. 

In recent years. advances in spectroscopic tech­
niques and their uses have contributed much to the 
detailed understanding of clay chemistry. This new 
book is essentially a compilation of spectroscopic 
and chemical methods with applications in clay 
mineralogy. The book is intended to be useful both 
to clay mineralogists and to scientists with no pre­
vious experience of clays, by striking a balance 
between introductory text and research compen­
dium. The volume comprises nine chapters, each 
dealing with a specific chemical or spectroscopic 
technique, and most of the eleven authors, like 
the editor, are or have been associated with the 
Macaulay Land Use Research Institute In 

Aberdeen. 
Following a general introduction to molecular 

spectroscopy, individual chapters deal with infra­
red methods, Mossbauer spectroscopy, nuclear 
magnetic resonance, electron paramagnetic spec­
troscopy, X-ray photoelectron spectroscopy, and X­
ray fluorescence and microanalysis; the two final 

chapters deal with more traditional chemical 
methods and the investigation of poorly ordered 
minerals by selective chemical techniques. The chap­
ters on infrared and chemical methods are updated 
from an earlier publication. Each chapter follows a 
broadly similar format, providing an introduction 
to the principles of the technique. a description of 
instrumentation and experimental practices, and 
an account of applications of relevance to clay 
mineralogy. The work is well illustrated and other 
minerals associated with clays are also discussed in 
some chapters. 

The book is likely to prove a useful reference for 
those interested in clay:, and related mineralogical 
applications. Mineralogists using spectroscopic 
techniques should also find parts of the book helpful 
when confronted with clay minerals - for instance, 
the chapter in infrared methods contains a valuable 
collection of infrared spectra of clays and accessory 
species. The book is perhaps less successful as an 
introduction for non-specialists, and the reader 
seeking information on the individual spectroscopic 
methods will probably be better off with a standard 
introductory text. 

In summary. this book is a useful and timely refer­
ence work. well produced , and reasonably well 
indexed and referenced. Most geological and miner­
alogical libraries will want a copy, but its regret­
tably high price surely means that very few 
researchers will have a copy on their personal 
bookshelf. 

N.J. Elton 

DON EDWARDS 
TIDES WELL DALE ROCK SHOP 

COMMERCIAL ROAD, TIDESWELL, DERBYSHIRE, UK 
TEL: (0298) 871606 
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NOTES FOR CONTRIBUTORS 

TYPESCRIPTS 
Papers should be typed, preferably on A4 paper, on one side only, with double spacing and wide margins. All pages should be numbered. Three 
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the less common minerals should be supported b) sufficient proof (X-ray diffraction . analyses. etc.). [t rna) not be necessary to reproduce such data 
in full in the text, but they should be supplied to the Editor if required by the referees in the course of their assessment. For mineral occurrences of 
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FIGURES 
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Line drawings , crystal diagrams. maps , etc .. should be of a quality suitable for direct reproduction, with appropriate line thicknesses and letter 
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TABLES 
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title, separated from the table by a horizontal line. Another horizontal line should mark the end of tabulated data; any footnotes should be placed 
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TERM[NOLOGY 
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Chemical nomenclature should confonn to the rules of the International Union of Pure and Applied Chemistry. Crystal structure qudies should be 
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BACK COVER: Native copper, dendritic crystals coated 
with malachite (17 cm high). Botallack mine. St Just, 
Cornwall. Specimen 8M 56520 in the Natural History 
Museum, London, purchased in 1886 from F.B. Butler. 
Photograph by Frank Greenaway. 






