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EdiTORial
Welcome to Volume 19 of the Journal of the russell Society.

We were saddened, early in 2016, to learn of the passing of bob Symes, former Keeper of Mineralogy at the Natural 
History Museum in london, and an enduring friend of the russell Society over many years; indeed, bob served  
as our Society President between 1989 and 1993. Roy Starkey has penned an obituary that provides a fine tribute  
to bob not only as an eminent mineralogical professional, but also as the approachable, enthusiastic, knowledgeable, 
and generous individual that many of us knew so well.

Roy Starkey is also the author of the first of the papers in Volume 19. While engaged in research for his book on 
the minerals of the Cairngorms, roy became aware of the Gordon Collection, housed at the university of aberdeen,  
in Scotland. the history of this collection is interesting, not least because a number of the specimens can be matched 
to items in the auction catalogues of the renowned mineral dealer John Henry Heuland.

From the other end of the united Kingdom, tom Cotterell and his co-authors provide us with a description  
of the first confirmed and analysed British occurrence of herderite-hydroxylherderite series minerals, from Chywoon 
Quarry, in Cornwall. there are, however, four other Cornish localities at which the late arthur Kingsbury claimed  
to have found herderite. in a companion paper to Cotterell et al., Mike rumsey has re-examined Kingsbury’s 
herderite specimens and field notes and concluded that they are almost certainly not from the British localities  
to which Kingsbury attributed them.

Staying in Cornwall, John betterton describes a recent discovery of euhedral crystals of schulenbergite, from the 
dumps at Penberthy Croft.

We then cross the irish Sea and travel to the far south-west of the emerald isle, to ballybunnion, in County Kerry, 
from where Mike Rumsey describes the first occurrence in the British Isles of mandarinoite, the rare iron selenite.

back in england, but at the northern end of the realm on this occasion, brian young and adam Pacey report  
on the first occurrence of segnitite in the Pennines, discovered in the supergene zone of the Slitt Vein, at Heights 
Pasture Mine, Weardale, an area not normally associated with arsenic minerals.

Finally, John Mason takes us across the border into North Wales to consider the geology and mineralogy of some 
exhalative banded iron oxide mineralisation from Cadair idris.

i would like to thank all of the contributors to this year’s volume of the Journal, not only the authors but also the 
referees who effectively share the editorial task with me. A special word of thanks is due to Frank Ince who, in the 
absence of a fresh volunteer, has generously continued as our Journal Manager for another year. rumours of Frank’s 
retirement, it seems, were premature; however, i suspect that he would be delighted to talk with anyone who might 
consider taking on the Journal management role in the coming months.

Malcolm Southwood

Honorary Journal editor
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ROBERT FREdERiCK SYMES 
1939–2016

robert Frederick Symes, known universally as bob, has 
been a prominent figure in British mineralogy and geology 
for around 50 years. Many members will have known,  
or met, bob Symes, either in his capacity as Honorary 
President of the Society from 1989–1993, through his 
employment at the Natural History Museum, or simply  
as a consequence of his outreach activities in giving talks, 
leading field meetings and attending mineral shows.

I first met Bob in 1982 when he came to stay with 
us at our home in dudley as a guest speaker to the West 
Midlands Mineral and Gemstone Society, of which i was 
then Secretary. i had contacted the late Peter embrey at 
the Natural History Museum to invite him to come and 
talk to us about his involvement in the production of  
a facsimile reprint of Greg and lettsom’s classic 1858 
work on the mineralogy of Great britain and ireland.  Peter 
had declined the invitation owing to pressure of work on  
“the book in which i am currently engaged on the minerals 
of Cornwall and devon” (embrey and Symes, 1987),  
but kindly delegated the task to bob. in later years, bob 
told me that the overdue publication of the book led to the 
Museum authorities chasing Peter for a commitment to  
a completion date, whereupon Peter, not always known 
for his tact and diplomacy, apparently said “get Symes 
to write it and i’ll turn it into english!”. bob contributed 
the geology chapter and some other sections of the book, 
and provided a stimulus for Peter. Whatever the process,  
we are all grateful to the pair of them for seeing it through 
to eventual publication.

waiting for the train one of the athletes came and sat down 
next to bob. He was just thrilled, and especially so when 
it turned out that the star was none other than the dutch 
sprinter Fanny blankers-Koen, who became known as  
‘the Flying Housewife’, winning four gold medals in 
athletics.

After finishing his school studies Bob joined the staff of 
the british Museum (Natural History) in South Kensington 
on 1st October 1957, as Assistant Scientific Officer.  
He attended evening classes and worked his way up,  
via part-time studies at birkbeck College of the university 
of london, and gaining his bSc in geology. bob completed 
his National Service in the raF from 1959–1961, during 
which time a serendipitous posting to Weston-super-Mare 
enabled him to explore the geology and minerals of the 
Mendip Hills, an area which became of intense interest to 
him.

one of his early career tasks, which no doubt sparked his 
detailed interest in Sir arthur russell, was to be despatched, 
with his colleague the late John Fuller, to Swallowfield Park 
near Reading in 1964 to pack up Sir Arthur’s fine collection 
of minerals and bring it to the Museum. bob was full of 
little anecdotes about this episode, and clearly remembered 
it with great affection, as evidenced by a talk on Sir Arthur 
which he delivered at a Society aGM weekend.

during his years at the Natural History Museum, bob 
was an early adopter of new technology, and was largely 
responsible for bringing the first electron microprobes to 
the NHM. He was awarded a Phd in 1981 for his research 
on the orbicular rocks of the Channel islands, supervised 
by Clive bishop of the NHM under the auspices of Queen 
Mary College (Symes, 1981).

bob was born on 10th February 1939 in Harrow, london, 
and grew up in eastcote, Pinner. His father was a self-
employed builder in Chelsea, and his parents were both born 
in Chelsea. in 1948, bob’s father had arranged to take bob 
to the summer olympics at Wembley Stadium, and whilst 

Peter embrey (left) and bob Symes at the launch of Minerals of 
Cornwall and Devon in 1987. image courtesy of the late bob Symes.

bob Symes signing copies of Minerals of Northern England 
at the book launch hosted at Killhope lead Mining Museum.  
roy Starkey photograph.
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this programme of work, and the seemingly endless 
analysis of two unknown phases (popularly known as  
“red X and yellow y”) from Merehead Quarry, took 
up much of his time. eventually, with the assistance  
of collaborators these phases were characterised as the 
new minerals parkinsonite and mereheadite (Symes et al., 
1994; Welch et al., 1998). interestingly, remarkably good 
specimens of mereheadite were collected on a Society field 
meeting to Merehead in June 2005.

over the years, bob developed a global network of 
contacts in the mineral world and became a popular and well-
respected scientist and curator. His work in the Mendips, 
and at Merehead Quarry in particular, was honoured by the 
naming of a pink lead oxychloride mineral from the torr 
Works (formerly Merehead Quarry) as symesite in 2000 
(Welch et al., 2000).

in addition to his research and curatorial activities, bob 
was instrumental in bringing a travelling display of minerals 
called The Rock Festival, arranged by Hubert bari, to the 
NHM from July 1989 to January 1990, and he also guided 
through the new exhibitions in the earth Galleries (formerly 
the Geological Museum).

the Natural History Museum played host to the inaugural 
Mineralogy and Museums Conference, held at the NHM in 
July 1988, and bob was at the forefront of organising the 
event and chaperoning the many delegates from around 
the World. bob was keen to have a representative from the 
amateur collector community as a speaker at the conference, 
and asked me if i would oblige. Somewhat apprehensive at 
the prospect of addressing such a gathering of international 
mineralogical professionals, i gave a talk on “the role 
of museums and the amateur mineralogist”, which was 
subsequently published as a paper in the Proceedings of 
the Geologists’ Association (Starkey, 1989a) and as a guest 
editorial in The Mineralogical Record (Starkey, 1989b). 
the conference was a great success and continues to run 
every four years.

bob had a genuine love of minerals and would extol, at 
length, the virtues of “our wonderful calcites and fluorites” 
to anyone who would listen. He was Keeper of Mineralogy 
from 1995 until his retirement in 1996 – a prestigious role 
in the museum world, and following in the footsteps of 
famous names such as Prior, Spencer, Herbert Smith and 
Claringbull. it was announced in the New year Honours 
list, on 30th december 1995, that bob was to be awarded 
the obe for services to the Museum and the science  
of mineralogy, a very well-deserved acknowledgment of his 
lifetime’s dedication both to the science of mineralogy, and 
to the hobby of mineral collecting.

bob was elected President of the Geologists’ association 
(1996–1998) and set about raising standards and succeeded 
in increasing membership numbers to around 2400.  
His management style was gentle and persuasive, but 
gradually he initiated a complete overhaul of the society.  
in 2009 bob was invited to join the committee of the 
History of Geology Group and he became a Vice Chairman 
in 2012, serving until 2014 when he stood down due to his 
poor health. 

bob met his future wife Carol in 1961 and they were 
married in 1965. Some years ago he inherited an orchard 
at broadclyst in devon (which has been in the family since 
1750). bob hoped one day to retire there, and he and Carol 
moved to the pleasant seaside town of Sidmouth in devon 
in 1999. Here, bob found a new career at the Sidmouth 
Museum, serving as Honorary Curator from 2001–2015. 
Sidmouth’s Red Rocks Day at the Museum was started 
when the Museum charged for admission and was launched 
as a free entry day to celebrate local geology. the museum 
is now free but the popular event continues to be held each 
year to promote interest in geology.

in September last year, a ceremony at the Museum saw 
the former Land and Man Room, which contains geology 
and archaeology items, formally re-named The Dr Bob 
Symes OBE Room in recognition of Bob’s tireless efforts to 
support and develop the museum over his tenure as curator.  

He also established an informal mineralogical group, 
affectionately known as SMAGS (Sidmouth Mineral 
appreciation Group), which met periodically at members’ 
houses. Members included local mineral dealer Keith 
Corrie, former long-time member of the Harrow and 
Hillingdon club Michael Gough and roger le Voir who 
bob had met through the Geologists’ association and the 
open university.

outside of his professional life bob was an energetic 
and popular participant in the world of the amateur 
geologist and mineralogist. His passion for his subject was 
infectious and he was in constant demand as a speaker at 
local clubs and societies. three of his most popular talks – 
delivered many, many, times, in slightly different formats 
to audiences across the nation, were on the minerals of the 
Mendips, Cornwall and devon, and Sir arthur russell. 

Perhaps closest to his heart was the Harrow and 
Hillingdon Geological Society which he helped to establish 
in 1973. bob had been an extramural lecturer for london 
university for about 10 years and was asked to do two 
evening classes in Harrow and uxbridge. Some of his 

bob Symes enjoying a quiet chat with the late don alderson 
in the rashleigh Gallery, royal Cornwall Museum, truro.  
roy Starkey photograph.
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students decided that it would be a good idea to form  
a society, and bob had a major hand in bringing this about. 
it was originally called the Harrow and ruislip Geological 
Society but later changed its name to Harrow and Hillingdon. 
the group celebrated its 35th anniversary in 2008 with  
a memorable field excursion to the Massif Central in France 
to explore meteor impact sites and the volcanic rocks of the 
region.

bob was made an honorary member of the Sussex 
Mineral and lapidary Society on the occasion of its 25th 
anniversary in 1997, and it is typical of bob’s support for 
the amateur community that he was again in attendance  
as guest speaker at the Society’s 40th anniversary dinner  
in october 2012 in spite of only recently having completed 
a course of treatment for a serious health condition.

He served as President of the russell Society from 
1989–1993, and was constantly encouraging and keen to 
drive up membership numbers, something which he did  
to dramatic effect during his presidency. Bob greatly enjoyed 
the Society AGM weekends and became firm friends with 
many members, also acting as auctioneer at the Society’s 
annual benefit auction. 

heaps and their impact on groundwater; and the application 
of clay mineralogy to the sealing of landfill sites and 
protection of aquifers. bob’s point was really that we should 
look at our collections again, and by applying the science 
we have now, we would make discoveries of benefit to man 
in the future.

Bob was a prolific author, and a selected bibliography is 
provided at the end of this tribute. i suspect that the work 
of which he was most proud is Minerals of Cornwall and 
Devon, authored jointly with Peter embrey (embrey and 
Symes, 1987). this book set the standard for an occasional 
series of topographical mineralogy works in the same style, 
progressively covering different regions of Great Britain. 
Just over twenty years later, in the autumn of 2008, Minerals 
of Northern England was published, authored jointly by 
bob and brian young (Symes and young, 2008). 

in addition to his passion for mineralogy and geology, 
bob was a keen collector of stamps which depict minerals 
and mining, and also had a strong interest in railways.  
He loved all sport and was an enthusiastic follower of 
football (and a former keen footballer himself). Whilst 
living in london he supported his local team, Wealdstone 
athletic, and at a national level he also followed Watford 
and exeter City.

a great family man, bob was immensely proud of his 
two daughters Catherine and Victoria, his devoted wife 
Carol, grandchildren Maisie, olivia, Martha and Gabriel 
and sons-in-law Stas and Matthew. our condolences go to 
all of them.

a true gentleman, and a great ambassador for mineralogy, 
bob always had time for everyone, and was interested to 
know all the latest news and finds. I last visited him at the 
royal devon and exeter Hospital on 30th april. although 
quite poorly, he was really pleased to see me and enjoyed 
the visit. We chatted about things mineralogical for half-
an-hour or so before saying goodbye. bob passed away on 
23rd May, with his wife Carol and daughters Victoria and 
Catherine at his side. He will be sadly missed by all who 
knew him, but his memory will live on in the organisations 

bob Symes in conversation with lesley and Frank bouweraerts 
(right), and Sally and the late bob King (left) at a russell Society 
aGM weekend. roy Starkey photograph.

bob in his element as auctioneer at the russell Society aGM 
weekend in 2009. roy Starkey photograph.

bob was involved in numerous local organisations, and 
also served as a member of the Council of exeter university 
for five years, as a Trustee of Camborne School of Mines for 
many years, and as chairman, and subsequently president of 
Sidmouth National trust.

a one-day conference Nature’s Treasures: Minerals and 
Gems, aimed at the general public and sponsored by the 
Mineralogical Society, Gem-a and the russell Society was 
held at the Natural History Museum, london in September 
2008. bob was an enthusiastic supporter of this initiative, 
and gave a talk entitled “Devon: Minerals in the field: where 
to find them and how to collect responsibly”.

at a conference on The Value and Valuation of Natural 
Science Collections in 1995, bob made the point that he 
was often asked to give a lecture called “New uses for old 
minerals”, underlining the latent research potential that 
lies in drawers in museums around the World. He gave as 
examples: leaching of metals from gangue mineral spoil 
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he supported, his legacy of published work and in the local 
museum he did so much to inspire and develop. rest in 
peace bob.

i am grateful to dick Moody, roger le Voir, Chris 
Stanley, Carol Symes and Peter tandy for their assistance  
in compiling this obituary.
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ThE gORdON COllECTiON – ThE ViCaR, ThE BREWER aNd  
ThE MiNERal dEalER

roy e. StarKey
15 Warwick avenue, bromsgrove, Worcestershire, b60 2aH.

The mineral collections of the University of aberdeen comprise over 12,000 specimens, and amongst this total  
is a sub-collection presented by the Reverend John Schank More-gordon in memory of his grand-father, a former 
student at the University. The collection is of considerable historical interest, incorporating material of remarkable 

quality. The pedigree of the collection includes specimens traceable to both henry heuland (1778–1856) and  
isaac Walker (1790–1853), as well as many of the well-known dealers of the day.

iNTROdUCTiON
the geological collections of the university of 

aberdeen span the disciplines of palaeontology, mineralogy 
and petrology, and serve as a rich research resource for 
current students, members of staff and visiting academics. 
the palaeontology collection, containing around 12,000 
specimens is strong in its representation of regional 
geology, including an important suite of material from the 
internationally-renowned, early devonian, rhynie Chert. 
the petrology collection contains almost 9,000 specimens, 
of worldwide origin but with a strong Scottish emphasis. 
[the majority of the collection was assembled by dr t.C. 
Phemister (1902–1982) during the time he was Professor 
of Geology at aberdeen (www.abdn.ac.uk/geosciences/
departments/geology/, accessed 2016)].

the mineral collection, comprising more than 12,000 
specimens, has at its core the collection of minerals 
bequeathed to the university in 1922 by the rev. J.S. 
More-Gordon. the collection was assembled by Gordon in 
memory of his grandfather, Harry Gordon, a former student 
at the university. the arrival of the Gordon Collection in 
aberdeen is recorded in an article by Professor a.W. Gibb, 
then Head of department, in the Aberdeen University 
Review (Gibb, 1922).

Dr Suzanne Miller, former Keeper of Natural Sciences, 
National Museums Scotland, writing in support of the 
university’s application for recognition of the collections 
as being of National and international importance (Miller, 
2007). described the mineral collections as being

…of a very high quality as a result of the expertise of 
the university of aberdeen in fundamental mineralogy 
and economic geology. Many of the specimens are of 
exhibition quality. (Neil Curtis and Nigel trewin, personal 
communication).

REVERENd JOhN SChaNK MORE-
gORdON

the family is descended from a branch of the beldorney 
Gordons, from laggan in Glenlivet. John Gordon (ii) of 
laggan, died in 1795, and his son Harry Gordon gained an 
M.a. at King’s College, aberdeen in 1805. Harry Gordon 
became an ensign in the aberdeenshire Militia in 1809, 
and was made lieutenant in 1813. Following his military 

career, he became a tobacco manufacturer in liverpool 
and married. they had at least one son and three daughters 
(bulloch, 1909). according to Campbell-Smith (1922), 
Harry Gordon also served as Professor of ecclesiastical 
History at the university of aberdeen.

one of Harry Gordon’s daughters, Janet Gordon, 
inherited the family estate at Charleton, about a mile and 
a half from the centre of Montrose. on 10th august 1848 
she married George More, W.S. [Writer to Her Majesty’s 
Signet, i.e. a member of Scotland’s independent association 
for lawyers, and one of the oldest professional bodies in the 
world]. George was the son of John Schank More, advocate, 
and took the additional name of Gordon.

the house later saw use as Montrose mental hospital, 
a maternity hospital and a hotel, but by the 1970s it had 
deteriorated, and for a period was used as a hostel for 
refugees. In 2000 fire caused serious damage to what was 
left of the roof. it was demolished by the owners rGit,  
a legacy business of present day oil and gas training 
company Petrofac.

John Schank More-Gordon was one of George and 
Janet’s five children. Born on 13th april 1849, and educated 
at rugby and balliol College, oxford, he graduated in 
1873, winning the Ellerton Essay Prize in that year, and 
the denyer Johnson Scholarship in 1875, the year in which 
he was ordained. He later became Vicar of the Church  
of St John the evangelist, redhill, in Surrey (Figure 1, see 
p. 8), a post he held for some thirty years from 1882–1912 
(bulloch, 1909; Gibb, 1922; Campbell-Smith, 1922).

Whilst practising his ministry at redhill, John began 
to take an interest in minerals, apparently finding the 
study a mental relaxation from the theological and other 
problems that usually claimed his attention. His interest 
in science was very wide, and in addition to his pastoral 
duties he held fellowships of the Physical Society,  
the royal Microscopical Society and the Geological 
Society of london (elected in 1888). a keen mountaineer, 
and member of the Swiss alpine Club, More-Gordon used 
to spend a part of his vacation every year in Switzerland.  
as a consequence of this, he became an expert collector 
of Swiss minerals. in his obituary of More-Gordon, 
Walter Campbell-Smith (1922) noted that although he had 
published none of his work, he was a very keen student  
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of petrology and mineralogy, and formed a very fine 
collection of minerals (the specimens from Swiss localities 
being particularly good).

enquiries at St John’s, and a request posted in the 
Church Newsletter for information about, or a portrait of 
J.S. More-Gordon, have unfortunately failed to generate 
any leads whatsoever. it had been hoped that it might be 
possible to trace and contact some of his relatives, but thus 
far no progress has been made.

ThE gORdON BEQUEST
the university of aberdeen, as it is today, was formed 

in 1860 by a merger between King’s College (which had 
always referred to itself as the university of aberdeen) 
and Marischal College, a university founded in 1593 in 
aberdeen city centre as a Protestant alternative to King’s 
College. Mr More-Gordon had visited the, then new, 
geological department buildings at about the time that they 
opened in 1906, but, as it was the long vacation, he was 
unable to meet with any of the staff. He subsequently wrote 
to the Head of the department, stating that he would like 
to be permitted to commence building up a collection of 
minerals in memory of his grandfather, Harry Gordon, who 
had been a student in the university. this was granted.

More-Gordon clearly set about his task with considerable 
determination, and invested a good deal of time and money 

in his quest. during his time at redhill, and later, when he 
moved to london, he travelled each year to Montrose for  
a holiday, staying presumably at Charleton, and from there, 
journeyed on to pay a visit to the department at aberdeen. 
He travelled by train, arriving in the morning, often bringing 
a parcel of specimens with him, and returning after lunch  
to Montrose.

His periodic donations are recorded, for example, in  
a brief news item in the Educational Times and Journal  
of the College of Preceptors for 1st January 1909, which 
states that

the rev. J. M. Gordon, redhill, Surrey, has presented 
a further collection of minerals, some of them unique 
specimens, to the Geological department of the university 
of aberdeen. (anon., 1909).

at the time of his death on 18th January 1922, J.S. More-
Gordon resided at South Kensington, not far from earl’s 
Court underground Station and very close to the Natural 
History Museum. Gordon enjoyed an on-going relationship 
with the department of Mineralogy at the Natural History 
Museum. it is interesting to note that his obituary in the 
Quarterly Journal of the Geological Society was penned 
by none other than W. Campbell-Smith (1922), Keeper  
of Mineralogy at the british Museum (now Natural History 
Museum) from 1937–1952. the Museum registers record 
a number of donations made by Gordon over a period of 
years, the earliest being a large cube of perovskite, from 
Zermatt, in 1894 (M. rumsey, personal communication).

the terms of J.S. More-Gordon’s will, dated 5th July 
1917, stipulated that

…with a view to meeting a desire on the part of the british 
Museum authorities to have some of my Swiss Minerals 
for their collection i do hereby instruct my executors 
that after my death the authorities of the Mineralogical 
department of the british Museum (Natural History) shall 
be allowed to select such specimens of Swiss Minerals 
in my possession as they may consider suitable for the 
Museum collection on the condition that said authorities 
shall at their own expense pack up and forward the 
remainder of my whole Collection of Specimens to 
aberdeen university in virtue of the above bequest to 
said university Court and i direct that all specimens so 
selected shall be delivered free of legacy duty.

Further to this directive, the Museum authorities 
exercised their right, and some 377 specimens were 
accessioned as bM.1922,375–bM.1922,752 (which 
includes several suites of rock specimens). the vast 
majority of these are from Switzerland, with just a few from 
localities in France, italy and austria.

the remainder of the collection was duly transported 
to aberdeen (Figure 2) where a clearly delighted Professor 
Gibb (Gibb, 1922) wrote

by the will of the late rev. J. M. Gordon, of  
7 Moreton Gardens, london, S.W., and Charleton, 
Montrose, a valuable bequest has just come to the 
university. Mr Gordon was the donor of the “Harry 
Gordon Collection” in the Geological department, and 
it may be interesting to readers to have some particulars 
about Mr. Gordon and the origin of this collection. 

Figure 1 (see p. 7). the Church of St John the evangelist, redhill. 
roy Starkey photograph.
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by the new bequest some 3000 specimens will be added  
to the collection. they include hundreds of Swiss minerals, 
all from named localities, a set of Swiss rocks with 
microscopic sections to correspond, various gemstones, 
specimens of garnet, quartzes, fluorspars, tourmalines, 
micas, agates, felspars [sic], various ores and innumerable 
other types. in addition to the mineral specimens, there is 
a fine collection of instruments, including microscopes, 
goniometers, refractometers, spectroscopes, balances 

and other mineralogical and petrological apparatus.  
and also hundreds of books and monographs, the very kind 
of material that will be useful in a departmental library.

by the time of his death, the “Harry Gordon Collection”, 
the name assigned by Gibb (1922), had already reached 
a total of 714 specimens actually in aberdeen, and these 
are numbered sequentially in the typescript catalogue, 
many of them stated by Gibb (1922) to be “valuable and 
beautiful varieties”. Gordon was always on the lookout 
for new material, especially from Scottish localities, as he 
believed that Scottish minerals should be fully represented 
in a Scottish university. the very last thing he sent, only 
a week or two before his death, was a specimen of gold, 
recently discovered at Wanlockhead. a note in the typescript 
catalogue following number 714 states that

the remainder of rev. J.M. Gordon’s Mineral Collection 
was gifted (in 1922) in accordance with his Will, to the 
university and the Specimens are catalogued below 
according to their mineral classification.

the bulk of the collection is recorded in the typescript 
catalogue which continues with number G.715, a specimen 
of graphite, and runs on to number G.2948, Jet from Whitby. 
Following this are 31 gemstones, two examples of synthetic 
crystals, and a suite of “undetermined minerals and sands 
from various localities” running up to number G.2993. the 
remainder of the catalogue lists the Gordon rock Collection, 
237 specimens running from G.2998 to G.3235.

Figure 2. Photograph in the archives of university of aberdeen 
School of Geosciences showing the Gordon Collection 
laid out on laboratory benches after its arrival in aberdeen.  
image © copyright university of aberdeen.

Figure 3 (see p. 10). the well-thumbed typescript catalogue of the Harry Gordon Collection showing the title page and a typical page of entries.  
the pencil annotations indicate the display cabinet location in the former university Museum and the indicated price is presumably that paid 
by J.S. More-Gordon. image © copyright university of aberdeen.
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Gordon’s relatives were evidently very generous in their 
interpretation of his will, and permitted the university to 
select much material of interest that might not strictly have 
come under the terms of the bequest.

Gibb (1922) considered the collection, both for quantity 
and intrinsic value, to be the finest that had ever been given 
to the university. He noted that

Mr. Gordon had wisely made no condition about keeping 
the collection together, and duplicates, of which there 
are many, and for which there might not be space in the 
Museum, will be available for the teaching collections, 
which can absorb thousands of specimens of all kinds.

Surviving documentation includes two paper catalogues. 
The first is a loose-leaf compilation in accession number 
sequence, mentioned previously (Figure 3, see p. 9). the 
second catalogue is a hard-backed alphabetical index to 
localities represented in the Collection (Figure 4).

ThE COllECTiON
the Gordon collection showcases a good representative 

selection of british and World minerals, including such 
classics as Cumbrian calcite and baryte; witherite from 
Fallowfield Mine; scheelite and supergene minerals 
from the Caldbeck Fells; lead and copper secondaries 
from leadhills-Wanlockhead; and famous localities like 
andreasberg, Chessy, Kongsberg, the Mourne Mountains 
and Siberia.

I first became aware of the Gordon Collection as part of 
my research for a book on the minerals of the Cairngorms 
(Starkey, 2014). the Gordon Collection includes two 
very fine specimens of topaz from Aberdeenshire, and the 
rather limited documentary information associated with 
these specimens resulted in a protracted detective exercise 
in an attempt to unravel their history. the specimen of 
topaz ABDUG: MIN.8632 (Figure 5) and another similar, 
but smaller, specimen (abduG: MiN.9221, Figure 6) were 
both formerly part of the “Walker Collection” according 

Figure 4. the locality index to the Harry Gordon Collection. image © copyright university of aberdeen.

to the handwritten catalogue of the departmental mineral 
collection.

the original Gordon bequest catalogue includes 
transcripts of the earlier Walker labels (Figure 7). a note 
in the catalogue, against No. 8632, states that it was part of 
a group of specimens, removed in 1954, from a laboratory 
display of the Gordon Collection. the specimens were not 
numbered, and so could not be identified with certainty 
from the Gordon Collection catalogue, but this specimen 
is possibly G.513 or G.514 of the Gordon Collection, both 
of which are crystals of topaz recorded as being from the 
“Walker Collection”.

Gordon collection number G.513 had a corresponding 
Walker No. 403-H-1830, and a pencil note that it had “cost 
Mr H £6.6.0”. The other topaz crystal, Gordon Collection 
number G.514, was Walker number H-1836.

My researches suggested that “Mr H” was none other 
than the legendary mineral dealer and collector John 
Henry Heuland (1778–1856), and that “Walker” refers to 
the prominent collector and london brewer, isaac Walker 
(1790–1853) (anon., 1912). Walker is known to have 
purchased material at various of Heuland’s auction sales, 
of which there were many, and his labels are numbered in 
the format “403 – H – 1830”, where the “H” indicates that 
the specimen came from Heuland’s personal collection, 
and the “1830” indicates the year of sale/purchase (Cooper, 
2006; Wilson, W.e. (2016). The Mineralogical Record 
Biographical Archive; see www.mineralogicalrecord.com).

Sir arthur russell’s paper on John Henry Heuland 
(russell, 1950) provides an exhaustive list of Heuland’s 
sale catalogues from 1808 through to 1848. two sales in 
May 1830 contained a total of 1,110 lots, all from Heuland’s 
private collection, and a 5 day sale in May 1836 comprised 
a total of 1,025 lots, partly from Heuland’s and partly from 
lady aylesford’s collection. it therefore seemed probable 
that abduG: MiN.8632 was purchased by Walker at one 
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of these three sales. examination of the original auction 
catalogues (thomas, 1830) revealed that lot 403, sold on the 
afternoon of Wednesday 2nd June 1830 was a topaz crystal 
“from aberdeenshire, [which] cost Mr. H. £6. 6s.”, neatly 
confirming the evidence gathered in Aberdeen (Figure 8).

Walker’s collection was subsequently purchased in 
1912 by london mineral dealer Samuel Henson (1848–
1930), who sold many fine specimens from it to the British 
Museum (now the Natural History Museum). From 1888 
to 1914, Henson’s shop was at 97 regent Street, but he 
then moved south of the river thames, and from 1915 
to 1917 was based at 185 Norwood road near Herne 
Hill (less than 32 km from redhill, home of the reverend 
J. S. More-Gordon). His last known address, from 1918 to 
1920, was at 4 elliott House, in thornton Heath (Cooper, 
2006), a mere 6.5 km from redhill. it is therefore not too 
difficult to imagine that the two men might have traded 
minerals, and hence that More-Gordon acquired the topaz 
via Samuel Henson. there are a number of other specimens 
in the collection at aberdeen bearing Henson labels  
(e.g. Figures 26 and 36).

It is not possible to state with certainty when the topaz 
specimen was gifted to aberdeen university. However, 
number abduG: MiN.9221 was not catalogued as part 
of the departmental Collection until 1956 and is described 
as “water worn” and “Walker Collection”. it is followed 
in the catalogue by items noted as being “Nicol Coll.”. 
assuming that this refers to James Nicol (1810–1879), 
former Professor of Natural History at aberdeen, which 
seems likely, it was old material being catalogued belatedly. 
It thus seems probable that the two topaz crystals arrived 
in aberdeen prior to the main Gordon bequest, and were 
numbers 513 and 514, both of which are recorded as missing 
in the catalogue. both are labelled as “aberdeenshire”.  
the Walker Collection labels occur between entries 349 and 
519 in the Gordon Collection catalogue, and the dates range 
generally from 1827 to 1842 with outliers at 1808, 1816 
and 1847, which correlates well with the dates of Heuland’s 
auctions.

as it is recorded that 714 specimens were already in the 
collection at aberdeen prior to the main bequest, and if the 
513 and 514 assignations are correct, it could well be that 
the two topaz crystals were already in a display case and 
were missed during the cataloguing operation after the main 
bequest arrived at aberdeen in 1922. it seems probable, 
therefore, that they arrived in the department at aberdeen 
between 1906 and 1922.

as noted above, Gibb (1922) states that Gordon believed 
that “Scottish minerals should be fully represented in a 
Scottish University”. His purchase of the topaz crystals was 
thus clearly in line with his “acquisition policy”.

the weight of the crystal, 224 g (circa 8 oz), is in 
remarkably close agreement with one of those exhibited by 

Figure 5. Gordon Collection specimen No. G.513 - abduG: 
MIN.8632. Topaz, Cairngorms. Ex Walker Collection. A superb 
pale blue translucent waterworn prismatic crystal exhibiting 
typical orthorhombic crystal faces. dimensions 55 × 54 × 42 mm, 
weight 224 g. image © copyright university of aberdeen.

Figure 6. Gordon Collection specimen G.514 - abduG: MiN. 
9221, Topaz, Cairngorms. Ex. Walker Collection. Dimensions  
47 × 40 × 40 mm, weight 158 g. image © copyright university  
of aberdeen.

Figure 8. extract from the auction catalogue (thomas, 1830) 
for Wednesday 2nd June 1830, listing a topaz crystal “from 
aberdeenshire, [which] cost Mr. H. £6. 6s.” image courtesy of 
Natural History Museum library and archives.

Figure 7. Catalogue entries relating to the specimens shown in 
Figures 5 and 6. image © copyright university of aberdeen.
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Professor robert Jameson at a meeting of the Wernerian 
Natural History Society of edinburgh on 9th december 
1809. that crystal, from aberdeenshire, was reported as 
weighing nearly eight ounces [circa 227 g], which, at the 
time, was thought probably to be the largest crystallised 
specimen hitherto discovered in any country (anon., 1810).

Coincidentally, the weight of this crystal corresponds, 
almost exactly, with the reported weight of a crystal in the 
possession of Mr White, lapidary of edinburgh, recorded as 
having been found at the base of ben avon. that account 
stated the weight of the crystal as being 3450 grains (thereby 
conveying greater precision than quoting the weight in 
ounces), which converted to modern units is 224 g (anon., 
1809):

About a dozen of [these] specimens were brought from 
aberdeenshire along with the gigantic and ponderous rock-
crystal which we have just commemorated. two of these 
are regularly crystallised eight-sided prisms; and, what is 
very remarkable, one of them weighs no less than 3450 
grains [224 g], or nearly 8 oz. English, and is therefore by 
much the largest crystallized [sic] topaz known to exist. 
The largest Brazilian topaz in the National Museum at 
Paris is not much more than half the size of this Scottish 
topaz (about 1908 grains) [124 g]. All the Aberdeenshire 
specimens are more or less rounded or water-worn. Some 
are of a pale yellow colour; others greenish, and some 
of them beautifully opalescent. these rare Scottish gems 
were found, last autumn, in the course of digging for 
Cairngorm stones at the base of the mountain beinaan, 
or beiniain [ben avon], one of the Grampians, on the 
duke of Gordon’s estate in aberdeenshire. digging for 
crystals has now become a trade among the Highlanders 
of this district of the Grampians. almost a hundred acres 
of surface at the base of the hills have here been dug up, 
in this pursuit, within these few years. The topazes were 
found about the depth of twelve feet below ground [3.7 m], 
nearly at the same spot with the enormous quartz-crystal.

These gems and quartz-crystal are now in the possession 
of Mr John White, lapidary, 34 North bridge Street, 
[edinburgh] where they may be viewed by the curious. 
We cannot conclude without remarking that it will be 
disgraceful if the finest crystallized topaz known to exist, 
be allowed to go out of this island; and yet fear that the 
Museum at Paris would give much more for it than any 
institution in Great britain. but we would rather hear 
of its being even sent to France, than of its being cut up 
for toys in Scotland. How praiseworthy would it be for 
the Magistrates and Council of the City of edinburgh to 
purchase this matchless specimen, and present it to the 
university Museum. there it would remain as a lasting 
monument of the taste and public spirit of our present city 
rulers. Canonmills 27th december 1809. N.

the evidence suggests that this 8 ounce specimen  
of topaz, now in the collection of Aberdeen University, 
number abduG: MiN.8632 (Figure 5), and the two reports 
above, all refer to the same crystal, and that it was therefore 
found at the foot of ben avon in the autumn of 1808 or 1809, 
and purchased by Mr White (edinburgh). How it came to be 
in the possession of John Henry Heuland is unknown, but 
given the stature of his collection, he would have been an 
obvious potential candidate to purchase it. the anonymous 
writer’s wish, back in 1809, that the specimen should be 

purchased and presented to “the university Museum” has 
been granted, but it took 100 years before it finally arrived in 
a university museum collection, and it was to be aberdeen, 
not edinburgh!

as a consequence of these investigations it was decided 
to explore whether it is possible to match up other specimens 
in the collection with the Heuland sale catalogues. an initial 
sweep of the typescript catalogue generated a list of 123 
specimens which had data suggesting that they may have 
originated from the Walker Collection / Henry Heuland sales. 
this list was formatted to facilitate a structured search of the 
Heuland sale catalogues held in the library of the Natural 
History Museum. examination of the original sale catalogues 
resulted in 51 specimens being correlated with entries in 
the sale catalogues. 47 of these specimens are presented  
in table 1 (see pp. 14–15).

as noted by Sir arthur russell in his fascinating 
Mineralogical Magazine article about John Henry Heuland, 
his sale catalogues do make most tempting reading (russell, 
1950). russell comments that

evidently he had a rich and most enthusiastic clientele, 
private mineral-collecting having reached its zenith in this 
country [UK] in the first half of the nineteenth century. His 
descriptions of the specimens are often quaintly elaborate, 
and sometimes, to say the least, somewhat exaggerated.

We are indeed fortunate that the late F.N. ashcroft 
obtained from Messrs. Stevens (auctioneers) of 38 King 
Street, Covent Garden, london, an incomplete series of 
these catalogues and subsequently presented them to the 
department of Mineralogy at the then british Museum, 
where they are now preserved and available for inspection. 
Several of the catalogues have informative annotations as to 
the purchasers present at the sale, and details of the prices 
realised for many of the lots.

I am grateful to the staff of the Natural History Museum 
library and archives for permission to reproduce the 
catalogue extracts which follow. they provide a rare 
opportunity for members to browse the catalogues of Henry 
Heuland, and provide a fascinating insight to the world of 
the wealthy fraternity of mineral collectors almost 200 years 
ago (see Figures 9–14, see p. 13 and pp. 16–17).

Heuland was clearly a very driven character, and always 
on the look-out for opportunities to maximise prices and his 
chance of a sale. the catalogue for a sale on 14th april 1834 
bears an annotation (in Heuland’s own hand, according 
to l.J. Spencer), drawing the auctioneer’s attention to the 
excellent pedigree of certain of the lots, doubtless adding to 
their desirability amongst the clientele present at the sale!

SpECiMENS
the following selection of specimens is intended to give 

a feel for the diversity and historical interest of the Harry 
Gordon Collection (Figures 15–35, see pp. 17–22).

in his appreciation of John Henry Heuland, russell 
(1950) singles out a specimen of red tourmaline from 
Perm in Siberia to illustrate the elaborate lengths to which 
Heuland went in pursuit of a sale.
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red tourmaline from Perm; in Siberia – to be put up at 
£50. this specimen has cost the late Mr Forster £52. 10. 0, 
and Mr H. can easily dispose of it for that sum in russia. 
Since the burning of Moscow this is the largest specimen 
known, and the english Mineralogists having visited St. 
Petersburg or Moscow, will have convinced themselves 
of the value of this variety of tourmaline; it may be well 
to observe that but one specimen has ever been found, 
and that the few existing in the collections come from it, 
having been broken with the intention to divide it amongst 
the collectors, though as already said, at enormous prices! 
(Sale Catalogue, May 10, 1830, lot 400).

The Gordon Collection does indeed contain a fine 
specimen of red tourmaline from Pirm [sic], which was 
described as “The finest specimen in this country of the 
celebrated red rubellite”, but unfortunately this does not 
align with russell’s account.

the Gordon Catalogue entry suggests that this specimen 
came via a Heuland sale in 1833, but my rapid sweep of the 
sale catalogues failed to locate it. the specimen is strikingly 
similar in colour and general form to a specimen from Shaitansk, 
Siberia, russia in the collection of the 6th duke of devonshire 

Figure 9. Catalogue cover page for a six day sale commencing 
on Monday 10th april 1826. image courtesy of Natural History 
Museum library and archives.

Figure 10. Conditions of sale for the auction, from the inside cover 
of the catalogue shown in Figure 9. image courtesy of Natural 
History Museum library and archives.

at Chatsworth House, derbyshire. that specimen was 
purchased for £20 9s 6d on Friday, May 4th, 1827, the 
13th day of the sale of the alexander Crichton Collection  
(lot 2087), (Cooper, 2005). the Gordon Collection 
specimen is figured below (Figure 30, see p. 21).

the collection also features a wide range of interesting 
old labels from dealers and collectors of the time when 
Gordon was actively acquiring specimens, a selection of 
which is reproduced in Figure 36 (see p. 23).

CONClUSiON
the Harry Gordon Collection has a fascinating history 

and enjoys links with a broad range of notable figures in 
the history of british mineralogy and mineral collecting.  
the specimens have been maintained intact, and in generally 
good condition, for just over a hundred years since the 
original bequest. there is much scope for further research, 
and indeed for a more extensive photographic record 
should time and circumstances permit, but it is hoped that 
the present work will serve to highlight the importance of 
this fine old collection and that the University will continue 
to safeguard it, perhaps enhancing its storage and display, 
and thus ensuring that its integrity is secured for future 
generations of mineralogists to enjoy.
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gordon 
Catalogue 
Number

Species name Species as per 
gordon Catalogue locality auction details abstracted 

from gordon Catalogue Year located in Sale 
Catalogues

404 Quartz / 
amethyst

amethyst Minsinsky, 
Catherineberg

H - 9 - 52 - 1816 amethyst 1816 25 March 1816 - day 
1 - lot 9

434 Malachite Malachite Gumoscheffsky 
Mine, Siberia

H - 74 - 1829 light green 
mamillary Malachite

1829 6 May 1829 - day 1 - 
lot 74

433 dolomite Primitive magnesian 
carbonate of lime

travensella, 
Piedmont

H - 410 - 1829 Primitive 
magnesian carbonate of 
lime

1829 6 May 1829 - day 3 - 
lot 410

495 Cinnabar Sulphuret of 
Mercury

almaden, Spain H - 42 - 1830 1830 10 May 1830 - day 
1 - lot 42

405 aragonite aragonite lobita, Molina, 
aragon

H - 575 - 1830  Group of 
symmetric aragonite 

1830 10 May 1830 - day 3 - 
lot 575

375 Malachite Globular Velvet ore 
(mentioned in dana 
1837)

Moldava; bannat. H - 215 - 1830. Globular 
Velvet ore. Very scarce

1830 31 May 1830 - day 2 - 
lot 215

421 Chalcedony Chalcedony iceland H - 324 - 1830 botryoidal 
chalcedony

1830 10 May 1830 - day 3 - 
lot 324

513 Topaz Topaz aberdeenshire H - 403 - 1830 1830 31 May 1830 - day 3 - 
lot 403

489 Magnesite Primitive Magnesian 
Carbonate

traversella, 
Piedmont

H - 28 - 1831 1831 2 May 1831 - day 1 - 
lot 28

440 omphacite omphacite San alpe H - 168 - 1832 omphacite 
with granular garnets

1832 14 May 1832 - day 1 - 
lot 168

350 Calcite Calcite Andreasberg, Harz. H - 377 -1832 Carbonate 
of lime

1832 14 May 1832 - day 2 - 
lot 377

403 diopside diopside tyrol H - 447 - 1832 bacillary 
leek-green diopside

1832 14 May 1832 - day 3 - 
lot 447

363 andradite aplome breitenbrunn, 
Saxony

H - 463 - 1832 aplome. 
Very select.

1832 14 May 1832 - day 3 - 
lot 463

422 orthoclase 
(adularia)

adularia St Gothard H - 468 -1832 Chatoyant 
adularia on Moonstone

1832 14 May 1832 - day 3 - 
lot 468

487 Calcite Carbonate of lime Andreasberg, Harz. H - 494 - 1833 1833 29 april 1833 - day 
3 - lot 494

445 orthoclase 
(adularia)

adularia St. Gothard H - 544 - 1833 adularia 1833 29 april 1833 - day 
3 - lot 544

488 Calcite Carbonate of lime Old Elizabeth 
Mine, Freiberg

H - 748 - 1833 1833 29 april 1833 - day 
4 - lot 748

376 tourmaline tourmaline Karosulie, North 
Greenland

H - 1153 - 1833 
euncahedral black 
tourmaline

1833 29 april 1833 - day 
6 (of 5 day sale) - lot 
1053 (misprinted in 
catalogue)

460 asbestos / 
Chrysotile?

asbestos / 
Grammatite

traversella, 
Piedmont

H - 229 - 1834 1834 14 april 1834 - day 
2 - lot 229

390 Azurite Carbonate of copper Moldava, bannat H -298 - 1834 deep blue 
lenticular carbonate of 
copper

1834 14 april 1834 - day 
2 - lot 298

367 ? triunitary Pyroxene Cape Calamite, 
elba

H - 341 - 1834 triunitary 
Pyroxene

1834 14 april 1834 - day 
2 - lot 341

509 Topaz Topaz Muisinsky, Siberia H - 409 - 1834 1834 5 May 1834 - day 3 - 
lot 409

414 opal opal Vicinty of Paris H - 462 - 1834 rose 
coloured common opal

1834 14 april 1834 - day 
3 - lot 462

371 Pyromorphite Phosphate of lead badenweiler, 
Swabia

H - 578 - 1834. apple-green 
botryoidal Phosphate of 
Lead, the finest of this ?? 
Known to Mr. H.

1834 14 april 1834 - day 
3 - lot 578
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gordon 
Catalogue 
Number

Species name Species as per 
gordon Catalogue locality auction details abstracted 

from gordon Catalogue Year located in Sale 
Catalogues

382 Chalcocite? Scarce variety of 
grey copper ore

Falkenstein, tyrol H - 85 - 1835 Scarce variety 
of grey copper ore

1835 11 May 1835 - day 1 
- lot 85

356 Hematite iron glance elba H - 710 - 1835 iron glance 
in very large crystals of a 
scarce form

1835 11 May 1835 - day 4 - 
lot 710

380 Chalcocite Pseudomorphous 
Copper Glance

Frankenberg, Hesse H - 814 - 1835 
Pseudomorphous Copper 
Glance, very large

1835 11 May 1835 - day 5 - 
lot 814

492 Siderite Siderite and rock 
crystal

dauphine Hh - 135 - 1837 1837 11 dec 1837 - day 1  - 
lot 135

392 Cassiterite oxyde of tin Cornwall H - 218 - 1837 unique 
specimen of oxyde of tin

1837 12 June 1837 - day 2 - 
lot 218

481 Calcite iceland Spar iceland H - 222 - 1837 1837 12 June 1837 - day 2 - 
lot 222

413 tourmaline tourmaline land's end, 
Cornwall

H - 602 - 1837 blackish-
brown acicular tourmaline

1837 12 June 1837 - day 4 - 
lot 602

406 Calcite Carbonate of lime Andreasberg, Harz. H - 745 - 1837 Carbonate 
of lime in very large cuboid 
crystals

1837 12 June 1837 - day 4 - 
lot 745

349 Cerussite Cerussite leadhills H 179 - 1838 bacillary 
Carbonate of lead

1838 14 May 1835 - day 1 - 
lot 179

437 Sphene / 
titanite

Hemitrope Caravat - Grisons H - 197 - 1838 Matchless 
specimen of hemitrope - 
transparent - sphene

1838 14 May 1838 - day 1 - 
lot 197

430 Chalcotrichite Plumose red oxide 
of copper

Cornwall H - 529 - 1838 Plumose red 
oxide of copper

1838 14 May 1838 - day 3 - 
lot 529

471 Hematite with 
rutile

iron Glance with 
rutilite

Caravat, grisons H - 807 - 1838 1838 14 May 1838 - day 4 - 
lot 807

462 baryte Sulphate of barytes Felsobanga H - 356 - 1839 1839 13 May 1839 - day 2 - 
lot 356

378 Calcite Carbonate of lime Andreasberg, Harz. H - 419 - 1839 Carbonate of 
lime l'annulaire

1839 13 May 1839 - day 3 - 
lot 419

384 Corundum Corundum thibet H - 769 - 1839 Perfect 
prismatic crystal of plate 
rose-coloured corundum

1839 13 May 1839 - day 4 - 
lot 769

387 rutile rutile Killin, Perthshire H - 263 - 1840 acicular 
tetanite, the richest 
specimen known to Mr. H. 
from Scotland. Given by 
late dr. MacCulloch

1840 4 May 1840 - day 2 - 
lot 263

459 Fluorite Green fluor Cornwall H - 289 - 1840 1840 4 May 1840 - day 2 - 
lot 289

427 Quartz rock crystal Brazil H - 405 - 1840 rock 
crystals with layers of 
quartz, en escalier

1840 4 May 1840 - day 2 - 
lot 405

496 Calcite Carbonate of lime derbyshire H - 529 - 1840 1840 4 May 1840 - day 3 - 
lot 529

449 Felspar Felspar baveno, lombardy H - 550 - 1840 1840 4 May 1840 - day 3 - 
lot 550

500 ? 2 silver strands in 
rock crystal

Brazil H - 602 - 1840 1840 4 May 1840 - day 3 - 
lot 602

494 Proustite? dark red silver ore Andreasberg, Harz. H - 612 - 1840 1840 4 May 1840 - day 3 - 
lot 612

439 Pyromorphite Phosphate of lead Johanngeagenstadt, 
Saxony

H - 251 - 1842 Green 
prismatic phosphate of lead

1842 9 May 1843 - day 2 - 
lot 251

Table 1. An analysis of specimens in the Gordon Collection which can be identified in Henry Heuland sale catalogues.
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Figure 11. The first page of the catalogue, setting the scene in 
delightful style for a six day sale commencing on Monday 10th 
april 1826. image courtesy of Natural History Museum library 
and archives.

Figure 12. Catalogue page for a sale on 14th april 1834 bearing a note written by Henry Heuland regarding the provenance of certain  
of the lots. image courtesy of Natural History Museum library and archives.

this paper demonstrates the potential historical value 
of well-curated and properly documented specimen 
collections for future research. the increasing trend for 
libraries (and museums) to digitise their collections and to 
make these available via the internet means that in the future 
the prospects for detailed historical research and analysis 
will be even greater. it is therefore possible that analysis 
by remote researchers will lead to connections being made 
between geographically disparate collections and result in 
hitherto obscured relationships coming to light. the future 
potential for historical research in the field of specimen 
mineralogy has probably never been brighter.
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Figure 14. Cover page for a sale at Stevens auction room, Covent 
Garden, commencing 14th May 1838, and featuring a selection of 
fine cabinets, specimens from Heuland’s collection and that of the 
late dowager Countess of aylesford a noted mineral collector. 
image courtesy of Natural History Museum library and archives.

Figure 15. Gordon Collection specimen G.569, Native silver, 
Kongsberg, Norway. 55 × 40 × 30 mm. image © copyright 
university of aberdeen.

Figure 16. Catalogue entry, tray label and former display label 
for Gordon Collection specimen G.569, Native silver, Kongsberg, 
Norway. images © copyright university of aberdeen.

Figure 17. Gordon Collection specimen G.387, rutile, 
Killin, Perthshire (see Figures 18 and 19, p. 18).  
“the richest specimen from Scotland known to Mr H.” [Heuland].  
100 × 80 × 45 mm. image © copyright university of aberdeen. 

Figure 13. extract from the catalogue for day 3 of an auction commencing 6th May 1829, listing prices realised and the name of the successful 
bidder. lot 410, “Primitive magnesian carbonate of lime...”, is preserved in the Gordon Collection as number G.433. the purchaser is recorded 
as “Walker” [isaac Walker]. image courtesy of Natural History Museum library and archives.



Journal of the Russell Society (2016)18

Figure 18. extract from the sale catalogue for 4th May 1840 (day 2). lot 263, “acicular titanite” [rutile], is preserved as Gordon Collection 
specimen G.387 (see Figure 17, p. 17). the “dr Mac Culloch” referred to is John MacCulloch FrS (6th october 1773 – 21st august 1835)  
a noted Scottish geologist and author of many papers and books. image courtesy of Natural History Museum library and archives.

Figure 20. Gordon Collection specimen G.388. two crystals 
of malachite, pseudomorphous after cuprite. Chessy, lyons.  
ex. Walker collection. 26 × 15 × 15 mm and 22 × 17 × 16 mm. 
image © copyright university of aberdeen.

Figure 19. Catalogue entry for Gordon Collection specimen 
G.387, rutile in quartz from Killin, Perthshire (see Figure 17,  
p. 17). image © copyright university of aberdeen.

Figure 21. Catalogue entry for Gordon Collection specimen 
G.388, malachite pseudomorphous after cuprite, Chessy, lyons. 
image © copyright university of aberdeen.

Figure 22. Gordon Collection specimen G.399. Malachite, Siberia. 
the specimen still bears the original lot number label from the 
1839 auction sale on the underside. the small label at the bottom 
of the lower image “3530” is a typical Heuland number label.  
140 × 130 × 60 mm. image © copyright university of aberdeen.

Figure 23. Catalogue entry for Gordon Collection specimen 
G.399, malachite, Siberia, listing the original lot number from the 
1839 auction sale. image © copyright university of aberdeen.
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Figure 24. Gordon Collection specimen G.478, Brookite on quartz, Snowdon, Wales. 70 × 50 × 45 mm. Image © copyright University  
of aberdeen.

Figure 25. Gordon Collection specimen G.384, Corundum, tibet. 20 × 15 × 15 mm. image © copyright university of aberdeen.

Figure 26. Gordon Collection specimen G.437, sphene [titanite] Caravati, Grisons (see Figure 27, p. 20), 120 × 80 × 25 mm; together with  
a S. Henson label glued to the reverse of the specimen. image © copyright university of aberdeen.
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Figure 27. Extract from the final page of the catalogue for the first day of the sale on 14th May 1838. lot 197 “a MatCHleSS specimen of 
hemitrope transparent Sphene...” from Caravati, Grisons in the Swiss alps, is preserved as Gordon Collection specimen G.437 (see Figure 26, 
p. 19). image courtesy of Natural History Museum library and archives. image © copyright university of aberdeen.

Figure 28. Gordon Collection specimen G.376, tourmaline, Karosulie, Greenland. 100 × 80 × 75 mm. image © copyright university  
of aberdeen.
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Figure 29. Gordon Collection catalogue entry for specimen G.456, a fine specimen of red tourmaline from Pirm [sic], Siberia, which was 
described as “The finest specimen in this country of the celebrated red rubellite.” Image © copyright University of Aberdeen.

Figure 31. extract from catalogue for day 3 of the sale commencing 14th May 1832. lot 463, “a MoSt SeleCt SPeCiMeN oF aPloMe...”  
[andradite garnet], is preserved as Gordon Collection specimen G.363. image courtesy of Natural History Museum library and archives.

Figure 30. Gordon Collection specimen G.456, tourmaline var. rubellite, Pirm, Siberia. 75 × 55 × 40 mm. image © copyright university  
of aberdeen.
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Figure 32. Gordon Collection specimen G.419, aplome [andradite 
garnet], breiterbrunn, Saxony. 105 × 65 × 20 mm. the Gordon 
catalogue entry states “the finest specimen known to Mr Honland” 
[Heuland]. the lower label in Figure 33 (2118), affixed to the 
rear of the specimen is a Henry Heuland number label. image  
© copyright university of aberdeen.

Figure 33. detail of Gordon Collection specimen G.419, showing 
the characteristic hand-written Heuland number label (2118). image  
© copyright university of aberdeen.

Figure 34. extract from catalogue for the sale on 10th May 1830. lot 575, “an uNCoMMoNly FiNe group of symetric 
[sic] arragonite [sic], from Cobeta, near Molina, in arragon, Spain”, is preserved as Gordon Collection G.405. image courtesy  
of Natural History Museum library and archives.

Figure 35. Gordon Collection specimen G.405. aragonite, Molina de aragon, Spain. 70 × 55 × 40 mm. image  
© copyright university of aberdeen.
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iNTROdUCTiON
The calcium beryllium phosphate fluoride herderite, 

ideally CabePo4(F), is extremely rare in the british isles. 
Published records, all of which are from southwest england, 
are summarised by tindle (2008). two unpublished 
localities are represented by specimens in the arthur 
Kingsbury collection at the Natural History Museum (NHM)  
in london (rumsey, 2016). Herderite and hydroxylherderite 
are the fluoride- and hydroxyl-dominant members of the 
herderite–hydroxylherderite series. Gaines et al. (1997) 
note that the fluoride-dominant end member may not exist 
in nature. Herderite-series minerals typically contain both 
F and oH and, despite there being more published reports 
of hydroxylherderite than herderite, fluoride-dominant 
compositions have been noted at a number of localities 
(Harlow and Hawthorne, 2008).

Herderite was claimed from two localities in Cornwall 
by arthur Kingsbury (1958). it was subsequently described 
from Meldon in Devon by von Knorring and Condliffe 
(1984). Due to Kingsbury’s proven history of falsification 
(ryback et al., 1998; 2001; bridges, 2009) the Cornish 
occurrences require critical re-examination, and a detailed 
analysis is included in this volume (rumsey, 2016).

the Cornish localities described by Kingsbury (1958) 
are Wheal Cock, near St Just, and Colcerrow Quarry, near 
luxulyan. Kingsbury records that:

in 1949, while on a visit to the St. Just area... [he] collected 
several specimens of almost identical scaly chlorite from 
the waste material lying round one of the old shafts of 
Wheal Cock just above and inland from the same Zawn 
[referring to Stamps and Jowl Zawn, where arthur russell 
(1920) had collected phenakite and scheelite in a matrix of 
loosely coherent, scaly, brownish green, partially altered 
chlorite].

one of Kingsbury’s claimed specimens is described 
as rather shattered, short, prismatic crystals of phenakite 
associated with shattered, buffish, apparently hexagonal 
crystals, which appeared to be apatite. However, an X-ray  
powder photograph gave an unexpected pattern, 
spectrograms showed the presence of calcium and 
beryllium, and the mineral was identified as herderite 
(Kingsbury, 1958). the specimen is preserved at the NHM  
as bM.1958,41. based on the reported composition 
(specifically, the absence of fluorine) it is likely to be 
hydroxylherderite.

Kingsbury (1958) also records that he re-examined  
a number of other specimens of apatite that he had collected 
in Cornwall and this led to the identification of a second 
herderite locality, at Colcerrow Quarry. one of Kingsbury’s 
Colcerrow specimens (bM.1958,42) is accompanied by a 
note stating “New british occurrence” (rumsey, 2016), 
and his collection contains additional sub-centimetre-size 
fragments which appear to have been broken from a larger 
piece. the Colcerrow herderite is described as occurring 
in coarse pegmatitic granite as somewhat rounded, 
pseudohexagonal crystals in association with, and difficult 
to distinguish from, colourless or very pale yellow rounded 
apatite crystals. associated species include globular 
aggregates of gilbertite and creamy-coloured feldspar and in 
some cases albite, tourmaline and somewhat smoky quartz. 
No indication of the identification technique is provided.

at Meldon, near okehampton in devon, von Knorring 
and Condliffe (1984) identified herderite as an intergrowth 
with beryllonite, in aplite, close to a pegmatite veinlet. tindle 
(2008) referred to this occurrence as the Meldon aplite 
quarries but von Knorring and Condliffe (1984) describe the 
specimens as from “the Meldon aplite, near okehampton, 
devon”, and their grid reference [SX 573 927] is more than  

hERdERiTE-hYdROXYlhERdERiTE SERiES MiNERalS FROM  
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Small, euhedral crystals of herderite-hydroxylherderite are reported from Chywoon Quarry in Cornwall. all previous 
reports of herderite from Cornwall are based on specimens in the collection of arthur Kingsbury who is known to have 
falsified some of his specimens and publications. The only other report of British herderite, from the Meldon aplite in 

Devon, provides no analytical data and no specimens are traceable. This is the first account of herderite-series minerals 
in the British isles to be supported by chemical and structural data. The geological setting at Chywoon Quarry  

is identical to one of Kingsbury’s unpublished localities, demonstrating his detailed knowledge of the appropriate 
conditions required for the formation of this species.
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a kilometre northeast of the two well-known aplite quarries at 
Meldon. Unfortunately, von Knorring and Condliffe (1984) 
provide no information about their identification methods 
and the whereabouts of the specimens is not recorded. 
However, in recent correspondence Eric Condliffe’s 
recollection is that oleg von Knorring separated the 
unidentified mineral and performed an XRD analysis as the 
main basis for the identification, with Condliffe undertaking 
a partial microprobe analysis on a further portion of the 
sample (Eric Condliffe, personal communication, 2016). 
This identification is believed to be valid, however, neither 
the sample nor the analytical records can be located.

bancroft and Weller (1993) noted that:
Herderite has been found just recently at botallack, as rare, 
small specimens. one is in the collection of the Natural 
History Museum, london.

it is unclear, however, whether they are referring to the 
arthur Kingsbury specimen from Wheal Cock, or another 
discovery (tindle, 2008).

The recent identification of herderite and 
hydroxylherderite at Chywoon Quarry in Cornwall, 
provides the first detailed analytical data relating to these 
species in the british isles.

gEOlOgY
the geology and mineralogy of Chywoon Quarry are 

described in detail by Moulding and Hooper (2005). the 
quarry extracts porphyritic muscovite-biotite granite from 
the Carnmenellis Granite pluton which forms part of the 
Cornubian batholith. the granite hosts pegmatites nearly all 
of which appear to contain cavities. Moulding and Hooper 
(2005) note that the size, development and paragenesis of 
the minerals in different cavities is very distinctive, so much 
so that it is generally possible to assign a specimen to the 
specific pegmatite from which it originated.

Chywoon Quarry came to the attention of mineralogists 
during the late 1990s with the discovery of some of the 

finest British fluorapatite and excellent purple and silver-grey  
fluorite, examples of which are figured in Moulding 
and Hooper (2005). associated species include albite, 
bertrandite, columbite, K-feldspar, lepidolite, muscovite, 
quartz and tourmaline.

the herderite-hydroxylhederite series mineral described 
here occurs as colourless blocky crystals up to 1 mm across 
on a small number of specimens collected by one of us 
(dM) from a cavity in the southeast face of the sump level in 
February 1998 (location 5 of Moulding and Hooper, 2005).  
A few specimens from this find were donated to the Royal 
Cornwall Museum in truro and to fellow collectors.  
one of these specimens, in the collection of Jeremy Hooper, 
has herderite crystals on it (Figure 1). the crystals occur 
mainly on the prism faces of quartz crystals, although a few 
have been found associated with fluorite and fluorapatite on 
‘gilbertite’ mica.

hERdERiTE–hYdROXYlhERdERiTE
the specimen described in the following text was 

collected by dM and recognised as unusual by NH. 
Individual sub-millimetre-size crystals were submitted 
to amgueddfa Cymru – National Museum Wales  
(AC–NMW) for identification. Initial analysis was by 
powder X-ray diffraction (PXRD), using a PaNalytical 
X’PertPRO diffractometer fitted with a sample spinner, 
equipped with an X’Celerator solid state detector. the 
operating conditions were 40 kV and 30 ma using  
Cu Kα radiation. The small sample size resulted in poor 
data (PXrd No. NMW X-2909) but suggested a member 
of the herderite-hydroxylherderite series.

two additional crystals were submitted to aC–NMW 
(now registered as NMW 2016.14G.M.1 a&b). these 
crystals were mounted on an SeM stub and carbon coated 
for imaging (Figure 2) and analysis (table 1, see p. 26). 
SeM-edS data were obtained by tFC using an Fei Xl30 
FeG-SeM equipped with an oxford instruments X-act  
10 mm2 silicon drift detector, at Cardiff University. Analyses 

Figure 1. Sub-millimetre sized crystal of a herderite-
hydroxylherderite series mineral from Chywoon Quarry. Jeremy 
Hooper specimen. david Green photograph.

Figure 2. Scanning electron micrograph of a herderite–
hydroxylherderite crystal detached from a specimen collected 
by dM. the numbers denote the position of SeM-edS analyses 
listed in table 1. NMW 2016.14G.M.1a.
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showed the presence of Ca, P, o and F, in the proportions 
broadly expected for herderite. an X-ray peak for be was 
observed, but the instrument was not calibrated for light 
elements and therefore no data for be was obtained. in the 
absence of be, normalisation of analytical data relating to 
herderite-hydroxylherderite series minerals has the effect 
of increasing the apparent quantity of the other elements,  
if they are recorded as wt% oxide, by approximately 15 %. 
regardless of this correction, the amount of F recorded in 
two of the three analyses (spot analyses Numbers 1 and 3 
in table 1) sufficiently exceeds the 5.86 wt% figure which 
marks the boundary between hydroxylherderite (<5.86 wt% F) 
and herderite (>5.86 wt% F) (anthony et al., 2000) for the 
analysis to fall within the herderite composition field. The third 
analysis (Number 2 in table 1) falls well below 5.86 % F. it is 
unclear if this difference in composition is due to zonation in 
the crystal, or whether it might be caused by an orientation 
or absorption effect during SEM-EDS analysis.

a second PXrd analysis, performed over a much longer 
(11 hour) period, improved the quality of data, resulting in a 
much closer match with herderite-hydroxylherderite series 
minerals (table 2).

diSCUSSiON
it is clear from the study undertaken by rumsey 

(2016) that arthur Kingsbury’s claimed british herderite 
occurrences are dubious. With no published analytical 
data and no recorded repository for their study material,  
von Knorring and Condliffe’s (1984) herderite from 
Meldon, devon, cannot be studied further. Consequently, 
this paper provides the first published account of herderite-
series minerals from the british isles supported by chemical 
and structural data.

Herderite-hydroxylherderite series minerals typically 
occur within granitic pegmatites and associated miarolitic 
cavities and griesens (Harlow and Hawthorne, 2008).  
if granites are enriched in F the likelihood of herderite 
occurring, (as opposed to hydroxylherderite),  
is increased. this appears to be the case at Chywoon 
Quarry where an enrichment in F has resulted in late-
stage F-bearing minerals, fluorite and fluorapatite, 
crystallising in cavities in the pegmatites (Moulding 
and Hooper, 2005). two (out of three) of our SeM-edS 
analyses (table 1) have compositions consistent with 
herderite. The third analysis yielded a lower fluorine 
content indicating a composition in the hydroxylherderite 
field. However, it is unclear at this stage, whether this  
is due to compositional zoning in the crystal, or an orientation 
effect caused by the angle of the crystal face during analysis 
that might be responsible for the lower F reading in spot 
analysis 2. Nevertheless, the fluorine-rich paragenesis, and 
two out of three analyses indicate that herderite, rather than 
hydroxylherderite, is likely to be the prevalent herderite-
hydroxylherderite series composition at Chywoon.

due to the presence of be- and F-rich minerals in the 
neighbouring granite quarries at Maen, trolvis and Kessel 
downs (Halvasso) (tindle, 2008) further occurrences of 
herderite-hydroxylherderite series minerals in this part of 
the Carnmenellis Granite are considered likely. this makes 

arthur Kingsbury’s dubious occurrences all the more 
fascinating, particularly his unpublished report of herderite 
from trolvis Quarry, noted by rumsey (2016). Clearly 
Kingsbury had a very good understanding of the geological 
and geochemical environment in which this mineral was 
likely to be encountered.

it is hoped that this publication will encourage 
collectors to check their specimens from Chywoon Quarry,  

Chemistry 1 2 3 4

P2o5   52.65   50.37   51.87   43.80
beo     n.d     n.d     n.d   15.43
Cao   39.58   44.71   39.55   34.60

F     7.77     3.97     8.58     5.86
H2o     n.d     n.d     n.d     2.78

-o = F2     n.d     n.d     n.d     2.47

Total 100.00 100.00 100.00 100.00

Table 1 (see p. 25). Chemical composition (wt%) data for  
a single detached crystal from Chywoon Quarry (Figure 2). three 
normalised spot analyses (1–3) obtained by SeM-edS from the 
surface of the unpolished carbon-coated crystal compared with the 
ideal composition of Cabe(Po4)(oH, F) with oH:F = 1:1 (analysis 4; 
see anthony et al., 2000, p. 256 and deer et al., 1992, p. 680 for an 
explanation of the correction factor applied to F-bearing minerals). 
n.d. = not detected.
Note the elevated levels of P2o5, Cao and F in the Chywoon 
Quarry analyses (1 to 3) caused by normalisation of data in the 
absence of beo and H2o. additional analytical error could also 
be caused by the orientation of crystal faces: for example the low 
fluorine and elevated calcium readings for spot analysis 2 relative 
to spot analyses 1 and 3 coincide with different face orientations.

3.763 20 3.750 10
3.433 35 3.414 15
3.135 100 3.135 100
3.022 17 3.020 10
2.998 35 2.995 19
2.868 45 2.862 17
2.550 25 2.518 8
2.210 30 2.205 9
1.996 17 1.989 7
1.879 16 1.889 16

Table 2. Comparative Xrd data for JCPdS reference pattern PdF 
No. 00-034-01471 and herderite2 showing the 10 strongest lines.

JCpdS  pdF  
No. 00-034-0147

Chywoon Quarry

d 
(spacing)1

relative 
intensity1

d 
(spacing)2

relative 
intensity2



Journal of the Russell Society (2016) 27

and neighbouring localities, in the hope that more specimens 
of herderite-hydroxylherderite series minerals are found.
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a REViEW OF UNiTEd KiNgdOM hERdERiTE lOCaliTiES 
aTTRiBUTEd TO aRThUR KiNgSBURY

Mike S. ruMSey

department of earth Sciences, Natural History Museum, Cromwell road, london, SW7 5bd.

a number of articles published in the last 18 years have shown that many claims of rare British mineral species 
made by Arthur Kingsbury (1906–1968) would benefit from reassessment as they are potentially misleading. A recent 

analytical study of a herderite-hydroxylherderite series mineral from the British isles has prompted a review of 
herderite specimens claimed by Kingsbury to be from the United Kingdom. There are specimens from four British 
localities in Kingsbury’s specimen material at the Natural history Museum (london), although only two have been 
used as a basis for publications. a visual inspection of specimens from all four occurrences indicates that none were 

likely sourced in situ, from the United Kingdom. The specimens share many characteristics which act as indications of 
inaccurate provenance seen in other studies of Kingsbury specimens. it is suggested that until proven otherwise, the 

herderite specimens and localities claimed by arthur Kingsbury should be removed from published topographic lists.

iNTROdUCTiON
The first report of herderite from a British locality is 

by arthur Kingsbury (1958). However, modern studies 
have thrown doubt on many of Kingsbury’s locality 
attributions for rare minerals (ryback et al., 1998, 2001; 
bridges, 2009; rumsey et al., 2012). this paper provides 
a re-examination of Kingsbury’s herderite specimens 
that he attributed to british localities. Sometime before 

Kingsbury’s (1958) paper was published, the mineral that 
was known as herderite had been re-examined and divided 
into hydroxyl- and fluorine-dominant species to more 
accurately reflect the compositions found in nature (Palache 
et al., 1951, p. 820). these two minerals are now known as 
herderite, CabePo4F, and hydroxylherderite, CabePo4(oH) 
(see: www.ima-cnmnc.nrm.se/imalist.htm). Without detailed 
chemical analysis it is not possible to determine which 
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of the herderite-hydroxylherderite series minerals are 
present in the Kingsbury specimen material. However, for 
the purposes of this document it is sufficient to consider 
the two species as one, and henceforth they are described  
as herderite. a complementary description of analysed 
herderite from the united Kingdom is provided in a 
companion paper in this journal (Cotterell et al., 2016).

REpORTEd lOCaliTiES
Arthur Kingsbury first documented herderite from 

the uK in 1958, reporting its occurrence from the dumps 
at Wheal Cock, botallack, Cornwall and from Colcerrow 
Quarry, luxulyan, Cornwall (Kingsbury, 1958). Specimens 
from both localities were donated by Kingsbury to the 
bM(NH) (now NHM) in 1958 and registered as specimens 
bM.1958,41 (Wheal Cock) and bM.1958,42 (Colcerrow). 
at about the same time, Kingsbury provided a specimen 
from Colcerrow to arthur russell; this specimen came to the 
NHM in 1964, following russell’s death, and is registered 
as bM.1964,r8416.

the labels with these specimens (Figures 1 and 2) 
are informative; those written in Kingsbury’s hand are 
particularly interesting, giving a collection date for the 
Colcerrow material of august 1931 and a date for the Wheal 
Cock specimen of august 1950. it is further recorded that 
the identification confirming the presence of herderite was 
performed in 1954 on the material from Colcerrow, and it 
is this occurrence that Kingsbury notes on his labels to be  
a “New british occurrence”.

there are two minor discrepancies between the labels 
in Kingsbury’s hand and his published paper (Kingsbury, 
1958); the date of collection for the Wheal Cock material  
is given as 1949, not 1950, and the paper states that the 
Wheal Cock material was identified first. It may also be 
relevant that a further label for the Wheal Cock material has 
the date 1949 crossed out and replaced by 1950.

another herderite specimen from arthur Kingsbury 
was donated to the NHM in 1965 and is registered in the 
collections as bM.1965,80. this specimen is from a third 
occurrence, recorded on Kingsbury’s handwritten labels 
(Figure 3) as “trolvis Quarry, long downs, Cornwall” 
and collected in July 1958. this occurrence has not been 
recorded in the mineralogical literature to date (tindle, 
2008; www.mindat.org, retrieved 27-1-2016) although it is 
discoverable on the NHM online database (Cotterell et al., 
2016).

 in 1968, specimens belonging to arthur Kingsbury 
were acquired by the NHM. two further herderite 
specimens and their associated handwritten labels have 
been identified in uncatalogued material. These specimens 
include a fourth claimed occurrence, which has not been 
discussed in the scientific literature or added into the 
NHM collection database. this specimen does not have  

Figure 1. Specimen label for herderite specimen bM.1958,41 when 
it belonged to arthur Kingsbury. the label shows Kingsbury’s 
handwriting and the numbers in the top left, correspond to analysis 
numbers rather than any catalogue of specimens. it appears that 
Kingsbury never had any of this material in the numbered and 
catalogued portion of his collection. the label pre-printed with 
“a.W.G. KiNGSbury ColleCtioN” is found throughout 
most of the material that came from him and doesn’t necessarily 
mean that it formed part of his formally catalogued collection.

Figure 2. two specimen labels, in arthur Kingsbury’s handwriting 
for herderite specimens from Colcerrow.

Figure 3. Specimen label for the Kingsbury, trolvis Quarry 
herderite occurrence.
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a catalogue number; it was found in a small tray with a 
label (Figure 4) reading: “Herderite – aggregated, rounded 
colourless crystals, on quartz and orthoclase, with gilbertite, 
From a pegmatite, lesceave Pot, (Praa Sands, eastern end)  
Nr breage, Cornwall.” the label indicates that the specimen 
was collected in 1966, very late in Kingsbury’s life.  
the other specimen found in the uncatalogued material is 
from Colcerrow.

as the Kingsbury material is still largely uncatalogued 
and unregistered, it is possible that further herderite 
specimens are present. However, the six specimens 
described herein are likely to represent the bulk of herderite 
specimens that can be attributed to arthur Kingsbury. it is 
interesting to note that Kingsbury did not retain specimens 
of herderite from the Wheal Cock or the trolvis occurrences 
within his own material and that no specimen from any of 
the four claimed herderite discoveries was found within the 
small numbered and catalogued portion of his specimen 
material.

ThE SpECiMENS
all four occurrences are represented by fragments,  

as if they had each originally been a single specimen which 
had been broken into smaller pieces. it is hard to describe 
any of the fragments as a specimen in the conventional 
sense. a broken and fragmented nature was noted by ryback 
et al. (2001) as being indicative of specimens that had been 
ascribed to incorrect localities by Kingsbury during his 
studies. the following is a detailed review of the specimens 
carried out using a leica MZ16 stereomicroscope.

Colcerrow Specimens
BM.1958,42 (Figure 5). this registration number relates 

to two small specimens, originally micromounts, but now 
detached from their bases, each about 10 mm in width and 
consisting of colourless, lustrous herderite crystals up to  
3 mm in width and 5 mm in length with very little matrix. 
the specimens have clearly been removed from a herderite-
bearing surface or cavity, the matrix is white feldspar 
and dark greenish grey to silvery chlorite-group mineral,  

the feldspar is further coated by tiny pale yellow-green 
sheaves of an unidentified mica. The two specimens join 
together and were certainly once part of a larger piece;  
it is not clear how large the original specimen was, as there 
are other ‘fresh’ broken surfaces where further adjoining 
herderite fragments would have been present before  
the specimen was broken.

BM.1964R,8416 (Figure 6). a micromount specimen, 
less than 10 mm long, consisting of colourless, lustrous 
herderite crystals similar in size to BM.1958,42. The matrix 

Figure 5. the two small micromount specimens that constitute 
herderite sample bM.1958,42, alongside the label and cylindrical 
micromount box. the specimens are about 10 mm in width.

Figure 4. Specimen label for the Kingsbury, lesceave Pot 
herderite occurrence. Note: the handwriting on the far right was 
made by curators at the NHM after the sample arrived. Figure 6. Herderite specimen BM.1964,R8416, about 10 mm in size.
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(and maybe also bM.1964,r8416). Certainly, on joining 
the two fragments of bM.1958,42 together, there are gaps 
where small fragments of herderite of the right size to match 
this unregistered specimen may have fallen out.

Conclusions. it is reassuring that these three specimens 
are consistent with each other as they are reportedly from 
the same location. it is likely that they originated from just 
one larger specimen, which to most collectors or curators 
would have been much more desirable intact. although 
there are sometimes good reasons for disseminating 
portions of a rare or new occurrences in order to safeguard 
the material, this instance is unusual because there has been 
no clear intent to preserve better ‘bits’ or limit damage to 
the original specimen; breakages occur across the middle of 
crystal-rich faces.

‘Shaft dumps at Stamps and Jowl Zawn - 
Wheal Cock’ Specimen

BM.1958,41 (Figure 8). this material is a collection 
of fragments and micromounts. there is a small, whitish, 
translucent herderite crystal (3.5 x 4.5 mm) that has grown 
upon, and is included by, tiny white plates of bertrandite. it is 
a micromount, still attached to its original wooden base, and 
seems to have been given the most significance within the 
suite. There is a container with a few isolated millimetre-size 
herderite crystals, but these are transparent and colourless 
and not associated with bertrandite. they seem to have been 
repaired in the past to recreate a larger crystal cluster around 
5 mm in size, but have since come apart again. Another tube 
contains very small, analysed fragments of bertrandite with 
minor white herderite. Finally, there is a larger glass tube of 
fragments that consists of millimetre-size chips of feldspar, 
quartz prisms, dark green, lustrous chlorite flakes and larger 
pale buff to beige, translucent to transparent, fragments  
of broken herderite up to 8 mm in length with striated crystal 
faces giving a frosted appearance. these broken crystals are 
larger, perhaps more significant, and a different colour from 
the prominent micromount.

Conclusions. this specimen is confusing, as many 
of the separate fragments are dissimilar in nature.  
it seems implausible that the whitish herderite micromount 
associated with bertrandite relates directly to the larger tube 
of fragments which contains no bertrandite, and herderite of 
a different colour and physical character. It is also odd that 
the larger herderite pieces in the tube were not made into 
micromounts or given more significance within the suite 
of fragments. it is noteworthy that the dark green, lustrous 
grains of chlorite in the tube are always isolated, and that 
there is no trace of chlorite on any of the other herderite, 
quartz or feldspar fragments. It is difficult to see how these 
fragments could all have come from one, presumably small, 
occurrence.

Trolvis Quarry Specimen

BM.1965,80 (Figure 9). this specimen consists of 
four centimetre-size fragments and a tube of broken pieces 
ranging from powder up to about 10 mm long. three of the 
four fragments are cleaved pieces of white feldspar with one 

Figure 7. an unregistered tube of fragments found within the 
material obtained by the NHM from Kingsbury, associated 
with an analysis number K142. the largest fragments are just  
2 mm in size.

Figure 8. the entire constituents of herderite specimen 
bM.1958,41, including labels and ‘tickets’ that have been 
associated with it while it has been in the NHM; the largest 
fragments are 9 mm in width. 

that remains is similar to that on bM.1958,42, although 
this specimen has more greenish grey chlorite-group flat 
surfaces, which the herderite crystals overgrow. although 
this specimen cannot be directly joined to the two described 
in the foregoing text, it is very similar in appearance and 
probably came from the same or a nearly identical precursor 
specimen.

Kingsbury Unregistered (Figure 7). a small tube 
of crystal fragments, generally about 1 to 2 mm in size, 
and very similar to the lustrous, colourless herderite 
described on bM.1964r,8416 and bM.1958,42. it would 
be reasonable to assume that these fragments resulted 
from the breaking up of the specimen that was split to 
create the two micromounts catalogued under bM.1958,42  
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surface entirely coated by millimetre-size lustrous, equant 
(or rounded), colourless crystals of herderite. the herderite 
is occasionally associated with tiny oxidised pyrite cubes, 
both within the feldspar and amongst the herderite, and with 
quartz prisms, sometimes partially coated by the herderite. 
Smaller pieces of this material are clearly present in the tube 
of fragments. two of the large pieces and one of the larger 
fragments in the tube can be assembled to form part of  
a small, now broken specimen. the third large piece is 
almost certainly from the same specimen but it does not 
directly fit onto the other two pieces. The fourth fragment, 
although similar to the other three in being composed 
mainly of white feldspar has, on its broken face, slightly 
buff to yellow glassy herderite, closely associated with 

the feldspar. this probably formed from the complete 
infilling of interstices between elongate feldspar crystals 
which is why this buff herderite shows few distinct crystal 
faces. broken and irregular shards of this yellowish glassy 
herderite are also found within the tube of fragments,  
the largest piece measuring up to 8 mm in size.

Conclusions. all of the separate portions of bM.1965,80 
can be correlated with one another. it seems likely that 
they originated from one small precursor specimen. this 
specimen consisted of herderite in two different habits, the 
small rounded crystals and the larger buff-coloured irregular 
crystalline infill, which is similar to the larger fragments 
preserved in the tube of material supposedly from Wheal 

Figure 9. The specimen fragments that constitute herderite specimen BM.1965,80. Note the first two images from the left are the front  
and back view of a larger piece that has been re-constructed with ‘museum-tack’ in order to show how Kingsbury’s specimens were often  
a larger piece broken into smaller fragments; the reconstructed specimen is 30 mm in width.

Figure 10 (see p. 32). the specimen fragments that constitute the unregistered herderite in the Kingsbury material at the NHM from 
lesceave Pot . in this case almost the entire specimen could be successfully reassembled. the six images show the reassembled piece from  
a number of different view-points; the largest reconstructed specimen is 42 mm in width.
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Cock (bM.1958,41). as with the sample from Wheal Cock, 
considering that herderite was a rare and new discovery,  
it is interesting to note that the larger pieces of buff-coloured 
crystalline herderite are again in the tube of fragments.  
it seems unreasonable, as with the specimen from Colcerrow, 
to have broken a small, but desirable, specimen of herderite 
into fragments for dissemination with little regard for the 
quality of the resultant pieces.

‘lesceave pot’ Specimen1

Kingsbury Unregistered (Figure 10, see p. 31). this 
consists of six broken centimetre-size fragments and  
a tube of tiny fragments and shards. all six fragments can 
be reassembled to form a larger specimen; the tessellation 
is not complete but it might be that the missing portions are 
present in the tube of fragments and shards. the six pieces 
consist of white cleaved feldspar with a thin iron staining on 
the unbroken surfaces. Between the feldspar crystals, buff to 
beige, glassy and transparent herderite crystals have grown, 
and where space has allowed it, partially iron-stained crystal 
faces are developed. the largest euhedral crystal is 5 x 5 mm, 
although there are partial crystals up to 7 mm in size. Their 
faces exhibit both lustrous surfaces and others with distinct 
micro-scale crystalline growth features giving a frosted 
appearance. the associated mineralogy includes occasional 
small quartz prisms, tiny, iron-stained mica sheaves and 
iron-oxide staining.

Conclusions: the fragments were originally all part of 
the same specimen, and the herderite shares characteristics 
with the buff coloured infilling crystals on the specimen 
from trolvis and the larger herderite shards preserved 
in the tube of fragments from Wheal Cock. once more,  
it seems rather odd to have broken a desirable small herderite 
specimen into these fragments.

COMpaRiSON WiTh glOBal 
OCCURRENCES

it is prudent to investigate all Kingsbury specimens, 
especially those that are composed largely of broken 
fragments that can be reassembled. ryback et al. (2001) 
commonly found specimens from a different global 
locality that were nearly identical in terms of their matrix, 
form and associated mineralogy, to the broken specimens 
reported by Kingsbury as being from the uK. this led to  
a general consensus that a number of Kingsbury’s published 
occurrences were not from the localities that were claimed 
and, as such, all his publications and anything that was 
published on the basis of his material needs to be considered 
with caution.

in order to assess the case for Kingsbury’s occurrences 
of herderite, 21 visually similar specimens from the 
collections at the NHM were studied in detail using a leica 
MZ16 binocular microscope. it became clear from a visual 

examination of the herderite habit, associated mineralogy 
and remaining matrix, that all of the Kingsbury micromount 
specimens and fragments listed above are good matches to 
specimens from elsewhere in the world.

the specimens labelled by Kingsbury from Colcerrow 
are very similar to a number of specimens in the NHM 
collection labelled from Stoneham in Maine, uSa.  
the small fragments attributed to Kingsbury could 
have been removed from a larger specimen or simply be  
a broken ‘thumbnail’. the specimens bM.55666, bM.55663 
and bM.55667 in the collections at the NHM show small 
lustrous, colourless herderite crystals in centimetre-scale 
clusters coating green-grey ‘chlorite’ surfaces associated 
with white feldspar with coatings of pale green mica. 
Placing the Stoneham specimens side by side with those 
Kingsbury reported from Colcerrow, it would immediately 
be assumed that they are from the same place (Figure 11).

the material claimed to be from trolvis Quarry is very 
similar to a specimen in the NHM collection labelled from 
auburn, Maine, uSa (bM.83004). this specimen is a 5 cm 
piece of feldspar entirely coated on its ‘reverse’ side with 
sub-millimetre size, lustrous, equant (‘rounded’) herderite 
crystals associated with an occasional altered pyrite cube 
and double-terminated quartz prism. As well as the identical 
mineral association, the relative size of the three different 
minerals is very similar on the claimed specimen from 
trolvis and that from auburn, Maine. Furthermore, on the 
‘front’ of specimen BM.83004, there are large, slightly buff 
to yellow herderite crystals, which would explain the larger 
buff coloured herderite fragments found in Kingsbury’s 
glass tube of broken fragments. Placing the specimens side 
by side, it seems almost certain that the ‘trolvis’ material 
is actually a single broken specimen from auburn, Maine 
(Figure 12).

the material attributed to lesceave Pot is fairly similar 
to bM.1963,655, labelled from Stoneham, Maine, uSa. 
The herderite crystals are the same size, diaphaneity, colour 
and form, and they share occasional growth patterns and 
strikingly similar frosted surfaces on some, but not all,  
of their faces. the associated minerals are also generally 
the same, however there is a greater degree of iron staining 
on the material from lesceave Pot and a less complex 
growth and habit to the associated minerals directly in the 
vicinity of the herderite which, on the Stoneham material, 
includes small quartz prisms and little individual feldspar 
terminations. When considered altogether with the broken 
state of the specimen, the unreported nature of the find, the 
complete lack of anything else of significance ever having 
been reported from lesceave Pot, the late date of collection 
(for Kingsbury) and how this correlates within a couple 
of years to the date of acquisition of the similar Stoneham 
specimen in the NHM, it seems highly probable that this 
specimen, as with those from Colcerrow and trolvis,  
is also from one of the many herderite producing quarries 
in Maine.

the incoherent nature of the specimen claimed to 
be from Wheal Cock, makes it harder to compare it with 
specimens from elsewhere. it is easiest to divide the Wheal 

1 lesceave Mine (but not lesceave Pot) is listed as a locality on 
Mindat (www.mindat.org , accessed august 2016), and lesceave 
Farm [SW 587 276] is marked on the ordnance Survey map.  
lesceave Pot is assumed to be closely associated, at the eastern 
end of Praa Sands, but its exact whereabouts has not been verified.
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Cock material into three separate types. this yields very 
little material to work with in order to compare with known 
examples, and as a consequence, significantly lowers 
confidence in the potential correlations.

the isolated crystal and analysed fragments from 
Wheal Cock are very small, however, one specimen again 
from Stoneham, Maine (bM.56181), shows colourless to 
whitish herderite crystals growing upon, and included by, 
tiny flakes of bertrandite. It is significant that the form, 
habit and relative size of the two minerals are similar to 
the isolated Kingsbury crystal and this suggests that  
a Stoneham specimen would be a candidate for the original 
source of this material. However, on such a small specimen 
it is impossible to be confident about this.

the reconstructed crystal cluster is visually identical 
to the material that constitutes the pieces that Kingsbury 
reported as being from Colcerrow, with that in mind it can 
be linked to the specimens used in that portion of the study 
bM.55666, bM.55663 and bM.55667, all from Stoneham 
in Maine.

Finally, the tube of fragments allegedly from Wheal 
Cock remains an interesting playground for speculation. 
the Wheal Cock occurrence is plausible for herderite 
because prior to Kingsbury’s publication, arthur russell 
had discovered phenakite, (another beryllium mineral) at 
the locality

either attached to yellowish, iron-stained prisms of quartz 
or…embedded in a loosely-coherent, scaly, brownish 
green, partially-altered chlorite (russell, 1920).

Kingsbury (1958) indicates that he found herderite in what 
sounds like a very similar environment in “almost identical 
scaly chlorite”, perhaps giving greater credence to the 
discovery.

inspection of several phenakite specimens (including 
bM.1964,r10096 and bM.1964,r10097) from russell’s 
original Wheal Cock find reveals the beryllium-
mineral bearing material is quite distinctive (Figure 13).  
the chloritic matrix is hard, russell’s term “loosely-
coherent” may refer to the mineralogical nature of the  
chloritic matrix rather than the physical friability of the 
chlorite. the chlorite is heavily iron-stained, micro-crystalline, 
dull brownish green (not silvery) and probably inter-grown 
with microscopic crystals of other phases (e.g. axinite, 
wolframite, cassiterite and quartz). Within this matrix there 
are occasionally large, isolated and irregular crystals of buff 
to beige scheelite, vughs of poorly crystallised quartz prisms 
and small elongated prismatic hexagonal phenakite crystals 
which may be isolated in the matrix or associated with 
quartz in the cavities. The tube of fragments that constitute  
bM 1958,41 (Figure 8) bears no resemblance whatsoever 
to this material, casting doubt on what seemed from 
the literature to be a similar and plausible occurrence.  
The quartz prisms preserved within the tube are well formed, 
the chlorite is not intergrown with other minerals and is  
a rich dark green, flaky, lustrous and has little iron staining, 
while the broken herderite crystal fragments are large with 
no adherent chloritic matrix.

As it is possible to find potential alternatives from 
Maine for the other portions of bM.1958,41 and the tube 
fragments bear no resemblance to the beryllium-rich 
material from Wheal Cock, it is prudent to assume, until 

Figure 11. the small micromount specimens of bM.1958,42 
alongside specimens bM.55666 and bM. 55663 from Stoneham 
in Maine, note the similarity in form, size and aggregation  
of the herderite crystals and the very clear association on silvery 
grey-green chlorite surfaces – identical to the underside of the 
micromounts mentioned in the text, but not visible in this image; 
the largest specimen is circa 45 mm in width.

Figure 12. the broken herderite-encrusted samples from trolvis 
on the right, alongside specimen bM.83004, from auburn  
in Maine with identical mineralogical association on the left; the 
largest specimen is 52 mm in width.

Figure 13. Specimen bM.1964,r10097 from the russell 
Collection, an example of the distinctive be-containing (phenakite) 
assemblage from Wheal Cock. the specimen is 9 cm wide.
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proven otherwise, that the inconsistencies presented here 
are sufficient justification to remove the listing of herderite 
from Wheal Cock from the literature.

CONClUSiONS
although it is impossible to show conclusively that the 

herderite localities reported by arthur Kingsbury in the 
literature, and those preserved within his collection, are 
incorrect, the overwhelming visual evidence would suggest 
that this is a possibility that needs to be considered in any 
scientific publication drawing on these occurrences. It may 
be possible using advanced analytical techniques to prove 
this more conclusively one way or the other at some point 
in the future. For all current practical purposes, the above 
review is conclusive enough to demonstrate considerable 
doubt over the validity of reported occurrences of herderite 
from Colcerrow, Wheal Cock, trolvis and lesceave Pot. 
these four localities for herderite should be removed from 
the scientific and collector literature until proven otherwise.

it is unfortunate to have to write another negative 
article about specimens attributed to Kingsbury but,  
in spite of this, it is worthy of mention that during his 
time as an active scientist, arthur Kingsbury contributed  
a number of undoubted, relevant additions to our knowledge  
of topographic mineralogy in the united Kingdom.
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aN OCCURRENCE OF EUhEdRal SChUlENBERgiTE aT ThE 
pENBERThY CROFT MiNE, CORNWall.

John bettertoN.
Haslemere educational Museum, 78 High Street, Haslemere, Surrey, Gu27 2la.

ian e. Grey.
CSiro Mineral resources, Flagship, box 312, Clayton South, Victoria, 3169, australia.

Previous Cornish occurrences of schulenbergite were 
described either as botryoidal (Penberthy Croft Mine,  
St Hilary, Mounts’s bay district; betterton, 1996, 2000), 
or as feathery aggregates (Prince of Wales Mine, Calstock, 
Callington district; Green et al., 2001). these two previously 
reported occurrences did not produce any euhedral crystals.

This note describes the first reported occurrence 
of euhedral schulenbergite crystals in Cornwall, 
recently discovered at the Penberthy Croft mine dumps  
[SW 555 324]. this mine was worked for copper and tin 
from the 17th century and closed down during the 1840s 
(betterton 2000). it is a well-known source of numerous 
secondary arsenate minerals in particular from the 
mine dumps (betterton 2000). it has produced, to date,  
101 confirmed mineral species supported by analytical data.

Schulenbergite, (Cu,Zn)7(So4)2(oH)10·3H2o, occurs 
here as bright blue, thin, hexagonal, platy crystals up to 
about 1 mm in size. They form small clusters, sometimes 
as composite groups on the surface of a quartz-rich slate 
without any other mineral associates. Off-white vein quartz 
is present as a thin, massive, irregular vein (1–2 mm thick) 
on the surface of the slate matrix about 3 mm away from the 
schulenbergite crystal groups. the crystals possess a strong 
pearly lustre on {0001}.

SeM studies (using an Fei instrument, model QuaNta 
400F), and edS analysis (using a bruker system, model 
X-Flash, with silicon drift detector) at CSiro, in Melbourne, 
australia, gave Cu and S as major elements with minor 
amounts of Zn and C. SeM images taken of the specimen 
show the typical hexagonal morphology of the platelets 
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with the form {0001} particularly well developed on only  
a few crystals (see Figure 1). the previously reported 
Cornish analyses were by Xrd methods only and thus there 
is no chemical data available to compare with these results. 
the majority of the crystals display a strong parallel growth 
as can be seen in the two images.

Schulenbergite is an uncommon secondary mineral 
formed by supergene oxidation processes in the zone of 
Cu-Zn-bearing hydrothermal polymetallic deposits, and 

as a post-mining alteration product of primary copper 
(chalcopyrite) and zinc (sphalerite) sulphides. Altered 
sphalerite was associated with specimens from previously 
reported Cornish occurrences. Here the sulphide may 
all have been consumed during the formation of the 
schulenbergite crystals. the slate matrix appears to be quite 
fresh with no evidence of alteration or discolouration.

other reported uK locations with schulenbergite crystals 
include Waterbank Mine, Wetton, Ecton Hill, Staffordshire; 
Smallcleugh, Nenthead, alston, Cumbria; and ystrad 
einion (dolgoch) Mine, ysgubor-y-coed, Ceredigion, 
Wales (tindle, 2008).
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Figure 1. SeM photograph showing parallel growths of platy, 
hexagonal crystals of schulenbergite.

ThE FiRST OCCURRENCE OF MaNdaRiNOiTE, Fe2(SeO3)3·6h2O,  
iN ThE BRiTiSh iSlES, FROM CliFFS NEaR BallYBUNNiON,  

CO. KERRY, iRElaNd
Mike S. rumsey

department of earth Sciences, Natural History Museum, london, SW7 5bd.

Mandarinoite, ideally Fe2(SeO3)3·6h2O, has been identified by EDX and XRD as minute white to pale green crystals 
replacing chalcomenite on black shale from cliffs north of Ballybunnion, County Kerry, Ireland. It seems likely that the 
supergene mineral suite crystallises at transient intervals, when conditions are appropriate. This is the first documented 

occurrence of mandarinoite in the British Isles and the fifth report of a selenite- or selenate-bearing species1.

iNTROdUCTiON
Mandarinoite, ideally Fe3+

2(Seo3)3·6H2o, was 
characterised by dunn et al. (1978) on specimens from the 
Virgem de Surumi Mine, Chayanta, bolivia. twelve further 
localities are recorded by the online data portal mindat 
(www.mindat.org; retrieved March 2016). Mandarinoite  

is found typically as green to whitish-buff crystals and crusts 
that form by the supergene alteration of primary selenides. 
it also occurs in red-bed sedimentary sequences in which 
the mineralisation is produced through the concentration of 
exotic elements by redox and diffusion processes.

there are 34 iMa-approved selenite- or selenate-
bearing minerals. of these, seven are relatively common. 
these are chalcomenite, a chemically and structurally 
simple copper selenite; molybdomenite, a simple 
lead selenite; cobaltomenite, a simple cobalt selenite; 
mandarinoite, a simple iron selenite; olsacherite, a lead 

1 the other reported selenites or selenates are chalcomenite  
(Francis and ryback, 1987), schmiederite (rust, 1990), 
molybdomenite (Milodowski et al., 2002) and olsacherite  
(rust and Green, 2005).



Journal of the Russell Society (2016)36

selenate-sulphate; schmiederite a copper lead selenite-
selenate; and munakataite a copper lead selenite-sulphate 
(www.ima-mineralogy.org; retrieved March 2016). of the  
simple selenites, mandarinoite is the most recently described. 
this is surprising considering the near ubiquitous presence 
of iron on the Earth’s surface and may, perhaps, reflect the 
fact that it is relatively inconspicuous.

lOCaTiON
Mandarinoite was identified at the Natural History 

Museum in london on specimen bM.1985,Mi37243, 
which was once part of the collection of the Museum of 
Practical Geology and obtained by that institution in 1981 
from mineral dealer richard ‘dick’ barstow (Starkey and 
Cooper, 2010).

The first report of a selenite mineral in the British Isles 
is due to Francis and ryback (1987), who documented 
chalcomenite on material collected from ballybunnion in 
1979. The exact locality is at the base of cliffs near Doon 
Village about 1.3 km north of Ballybunnion. Less specific 
details are recorded on the label accompanying specimen 
BM.1985,MI37243, but it is clearly from the same find. 
Highly contorted carbon- and pyrite-rich shales of the 
upper Carboniferous Clare Shale Formation are exposed 
at the base of the cliffs (Sevastopulo, 1981; see p. 173). 
Pyrite, arsenopyrite and chalcopyrite, and their supergene 
decomposition products chalcanthite and melanterite, were 
reported by ainsworth (1834; pp. 79–96). a suite of transient 
aluminium and iron sulphates was described more recently 
by Moreton et al. (1995). the supergene assemblages appear 
to form by evaporative concentration of acidic metal-rich 
groundwater. in this situation, precipitation is driven by 
the increase in concentration of metal ions in near-surface 
fractures. The composition of the pore fluid determines the 
species that crystallise.

Many of the supergene minerals noted in the preceding 
text are metastable. the assemblage is therefore transient 
in nature and alters on a geologically rapid timescale,  
by dissolution and precipitation, depending on local weather 
and environmental conditions. the best collecting is likely 
to be during periods of dry weather with calm seas following 
significantly wetter conditions; however, it should be noted 
that the locality is rather dangerous (Moreton et al., 1995).

MiNERal aSSEMBlagE
Specimen BM.1985,MI37243 is a hand-sized block 

of carbon-rich black shale with sharp fractures and 
bedding planes (Figure 1). two fractures, approximately 
perpendicular to the bedding, host isolated crystals, radiating 
groups and crude dendrites of bright blue chalcomenite. 
Chalcomenite also occurs in cracks and in less consolidated 
shale. A flattened morphology is often present, indicative of 
growth within the fractures.

a white encrustation surrounds most of the chalcomenite 
(Figure 2). it completely replaces some crystals although due 
to its microcrystalline nature it is rather friable, commonly 
leaving a white ‘ghost’ consisting of a very thin layer on 
the shale where a chalcomenite crystal once was. Some 

of these ‘ghosts’ have a crudely dendritic form (Figure 3). 
Rarely, where sufficient microcrystalline material is present,  
the phase has a subtle pale green-grey colour. this white to 
pale green-grey material has been identified as mandarinoite.

there are very few other minerals on the specimen, 
tiny yellow-green crystalline aggregates of a sodium iron 

Figure 1.  Specimen of black shale with the bedding plane at the 
bottom of the picture. blue crystals, crystal clusters and ‘dendrites’ 
of chalcomenite dominate the fracture surface shown. away from 
the bedding plane, the blue colouration disappears and is replaced 
by whitish-green ‘ghost-like’ dendrites and clusters that have been 
determined as mandarinoite. the numbered scale bar divisions are 
in centimetres.

Figure 2. Close up showing the rims of the (blue) chalcomenite 
crystals that are being replaced by whitish-green microcrystalline 
mandarinoite.
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sulphate (possibly sideronatrite, metasideronatrite, jarosite 
or natrojarosite) about 0.1 mm in diameter occur on  
a fracture surface perpendicular to both the chalcomenite 
fractures and the bedding planes. extremely small  
(<0.1 mm diameter) pale green spheroidal aggregates of 
a copper chloride (by edS analysis), are most likely to 
be atacamite, and tiny 0.1 mm efflorescences of what is 
probably gypsum are also present

aNalYSiS

optical investigations used a leica MZ16 
stereomicroscope with 25x oculars (maximum resolution 
about 1 µm), and a Zeiss axioplan petrological microscope 
in both reflected and transmitted light modes.

Some of the ‘ghost’ crust was removed from a 
dendritic area on the specimen with a scalpel and placed 
on a carbon adhesive for analysis in a Philips leo 1455 
variable pressure (VP) Scanning electron Microscope 
(SeM). Qualitative chemical analyses were made using an 
oxford instruments energy dispersive X-ray detector and 
the INCA software package with pre-defined software-
based calibration standards to identify qualitatively the 
dominant chemical components of the material under study. 
there was no attempt to prepare material for quantitative 
chemical analysis as chemical data was used to direct the 
XRD identification, and not as a method of identification on 
its own merits.

the microcrystalline nature rendered the material 
unsuitable for analysis by single crystal X-ray techniques, 
but entirely suitable for powder diffractometry.  
A significant amount of the white crust, including some 
of the more densely packed areas with a greenish hue was 
removed for X-ray powder diffraction. The amount was 
exceedingly small, and therefore a diffractometer with an 
inel PdS120 curved position-sensitive detector, set up in 
reflection geometry, and a long analysis time, was used 
to maximise accumulated peak intensity and the resultant 
signal to noise ratio. the material (estimated at only about 
0.3–0.5 mm3) was scraped using a medical scalpel onto  
a low-noise synthetic aluminium oxide substrate for 

analysis. the powder was crushed in situ using a glass 
slide and agitated by suspension in a drop or two of acetone 
which was allowed to evaporate. The resulting thin film was 
analysed for 148000 s, and spun around one axis to improve 
the intensity profile. Silver behenate (silver (I) docosanoate) 
and elemental silicon were used as calibration standards. 
these data were collected using bespoke difgrab software 
and interpreted using Stoe XPoW and the JCPdS database.

RESUlTS

optical investigations showed that all of the material 
was microcrystalline, even those areas with a crude crystal 
shape. Differing illumination techniques on the Axioplan 
microscope indicated that the true colour was always a very 
pale green. the edS analysis revealed the presence of only 
Fe, Se and S.

Analysis of the powder diffraction pattern confirmed 
that the material was mandarinoite, but due to the poor 
signal to noise ratio only about eight peaks were clearly 
distinguishable. Contaminant peaks from quartz and clay 
minerals in the shale matrix were present. although neither 
dataset is entirely conclusive, combining the edS and Xrd 
results leaves little doubt that the mineral is mandarinoite, 
as no other simple iron selenites or selenates have been 
recorded in nature.

diSCUSSiON
Mandarinoite occurs as whitish to pale green crusts in 

selenium-rich rocks of the Clare Shale Formation which 
crop out in sea cliffs north of Ballybunnion, County Kerry, 
ireland. it is slightly sulphatian. although chalcomenite 
specimens are relatively well known to collectors, the 
inconspicuous appearance and the small size of the crystals, 
and concomitant difficulties in identification, are probably 
why it has not been reported until now.  an iron- and selenium-
bearing phase of exactly similar appearance was discovered 
in an edS analysis of a ballybunnion chalcomenite 
specimen submitted for analysis to the Manchester Museum 
(david Green, personal communication, March 2016), but 
too little material was present for analysis by X-ray powder 
diffraction.

the formation of the mandarinoite is of some interest.  
its microcrystalline nature and occurrence around the 
rims of what were euhedral chalcomenite crystals indicate 
that the mandarinoite is commonly pseudomorphous.  
It is believed that this is the first time this pseudomorphous 
relationship has been documented.

the solutions from which chalcomenite crystallised 
contained selenium and copper leached from the shale by 
the acidic groundwater produced from the decomposition of 
sulphide minerals. the ‘dendritic’ forms alongside isolated 
radiating crystal clusters suggest that the growth in the 
fractures was mediated by a diffusion-dominated process 
(Chopard et al., 1991); the principal determinants being the 
concentration of the copper and selenium within the system. 
the fact that there are no obvious primary mineralogical 
sources of copper (Moreton et al., 1995) or selenium (Francis 
and ryback, 1987) in the shale at the exposure suggests 

Figure 3. Close up of well-developed ‘dendrites’ of chalcomenite 
on the fracture surface. Some small whitish areas of replacement 
with mandarinoite can be seen on the edges of some of these 
crystal groups; the scale bar divisions are in millimetres.
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that more complex geochemical processes are required to 
produce abundant millimetre-scale chalcomenite crystals in 
a relatively small area; their precise nature remains obscure 
and it is unfortunate that the locality is no longer available 
for study. No field notes accompany the specimen and 
little was recorded of the precise area from which it was 
collected, which appears to have been lost to erosion.

the extent of replacement of chalcomenite by 
mandarinoite can be seen to range from complete, to 
minimal, loosely related to distance from the bedding plane 
which forms the bottom edge of the specimen in Figure 1. 
this indicates that there have been at least two periods of 
supergene mineralisation, each with a different solution 
chemistry. the second period forming the pseudomorphs 
is a progressive, irreversible alteration extending some 
way across the fracture surface from fluid ingress at the 
bedding plane, which was not so extensive as to produce 
alteration all the way through the fracture, or to the larger 
chalcomenite crystals.

The precipitation of iron selenite sufficiently close to 
the chalcomenite crystals to form pseudomorphs shows 
that the selenite ions had a limited geochemical mobility 
in comparison to the copper, which appears to have been 
removed from the direct vicinity of the chalcomenite crystals 
via solution (perhaps to be precipitated in small amounts 
as the copper chloride which is occasionally present in 
some areas). it is suggested that an acidic iron-rich solution 
gained access to the fracture through the bedding planes and 
dissolved the chalcomenite, releasing selenite and copper 
ions into solution. the solution rapidly became saturated 
with respect to iron selenite, leading to the replacement by 
mandarinoite. the progressive nature of the replacement 
might indicate a single slow-moving reaction front as the 
iron-rich fluid permeated the fracture, or multiple periods 
of ingress from the bedding plane with penetration into the 
fracture with different extents each time, culminating in 
complete replacement only near the bedding plane where 
ingress was most frequent.

even relatively simple supergene assemblages may have 
complex histories involving multiple periods of dissolution 
and precipitation. At some sites, such as eroding sea cliffs, 
there are rapid changes in the chemical and physical 
conditions and the exact mineral assemblage found at any 
particular time is dependent on local conditions, recent 
weather patterns and the composition and rate of flow  
of percolating groundwater.

the remaining common (in terms of number of 
occurrences) selenite or selenate species that have not been 
reported from the uK are munakataite and cobaltomenite. 
these make for interesting speculation. Munakataite would 
be unlikely at ballybunnion due to the low concentration 
of lead in the system, but other potential munakataite 
localities do seem plausible particularly where schmiederite 
has been reported alongside sulphates (Greystones Quarry, 
llechwedd Helyg, Frongoch, etc…). Cobaltomenite on the 
other hand is extremely unlikely at ballybunion and most 
other localities in the british isles due to a lack of cobalt and 
selenium mineralisation in the same place. it is suggested 

that the only location currently known that could provide 
appropriate geochemical conditions in the british isles is 
littleham Cove. Here erythrite is a fairly common secondary 
phase and selenium-bearing secondaries have also been 
reported (Milodowski et al., 2002). the preponderance 
of aluminium sulphates at ballybunnion (Moreton et al., 
1995) gives rise to the possibility of the formation and 
identification of the rare and recently discovered white 
aluminium selenite, alfredopetrovite (Kampf et al., 2015). 
this white mineral is quite common on specimens from the 
type locality, but was overlooked due to its colour and the 
small size of the crystals.

the author will continue to search for selenium minerals 
in the uK, focusing on littleham Cove and ballybunnion. 
it will be particularly interesting to see if any useful 
predictions of mineral occurrence can be made with a 
directed search. this study demonstrates the potential 
power of how understanding a mineral assemblage can give 
insights into local solution chemistry, without having to 
know the specific thermodynamic properties of exotic and 
unusual phases.
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iNTROdUCTiON
First described from broken Hill, New South Wales, 

australia (birch et al., 1992), the complex lead-iron-hydrogen 
arsenate hydroxide segnitite, PbFe3H(aso4)2(oH)6, has 
been positively recorded from two british localities at 
Penberthy Croft Mine, St Hilary, Cornwall (betterton  
et al., 2000) and dolyhir Quarry, Powys, Wales (Cotterell 
et al., 2011).  Powdery crusts, identified as either segnitite 
or beudantite have also been described from the supergene 
assemblage present in outcrop workings between driggith 
and Sandbeds mines on the Caldbeck Fells of Cumbria 
(Green et al., 2006). Here we describe the occurrence 
of segnitite from surface workings in the Slitt Vein at 
Heights Pasture Mine, Westgate, Weardale, Co. durham  
[Ny 9220 3882].

gEOlOgY OF SliTT VEiN

Slitt Vein is one of the broadly east-west trending 
‘Quarter Point’ suite of veins within the alston block 
portion of the Northern Pennine Orefield. Like most other 
veins in the area, Slitt Vein has enjoyed a long history  
of lead production from some sections of the vein, and of iron 
ores from associated local wall-rock replacement orebodies 
(flats). However, the vein’s principal economic importance 
has been as a major source of fluorspar from several large 
orebodies along its 19 km (12 mile) strike length, at such 
well known mines as blackdene and Cambokeels (dunham, 
1990). Heights Pasture Mine worked a substantial fluorspar 
orebody both underground and in a large surface excavation. 
it is from parts of this surface working that the segnitite 
described here was recovered.

The abandoned opencast fluorspar workings at 
Heights Pasture Mine, centred on Ny 9220 3882 form  
a conspicuous feature adjacent to the course of the old 
mineral railway immediately south west of Heights Quarry. 
the vein, which here cuts the Four Fathom limestone and 

SEgNiTiTE FROM WEaRdalE, COUNTY dURhaM
brian young

department of earth Sciences, university of durham, South road, durham, dH1 3le.

adam Pacey
department of earth Sciences, Natural History Museum, Cromwell road, london, SW7 5bd.

Segnitite,  pbFe3h(asO4)2(Oh)6, is described here for the first time from the Pennines, from the supergene  
weathering zone of the Slitt Vein at heights pasture Mine in Weardale, County durham. The source of the arsenic,  
an uncommon element in the mineral deposits of the Northern pennines, has not been established, but we speculate  

it is hosted by iron sulphides which form part of the primary vein assemblage.

the overlying sandstones and shales, almost to the base of 
the Great limestone, is up to approximately 10 m wide and 
is composed almost entirely of white quartz with wide lenses 
of white to very pale purple compact crystalline fluorite. 
Galena occurs in very small amounts as disseminated 
crystalline patches up to only a few centimetres wide 
within the quartz and fluorite. Much of the quartz exhibits 
conspicuous fracturing and shearing roughly parallel with 
the vein walls. Surface extraction of the wide fluorite-rich 
lenses has left substantial voids within the vein exposure. 
A quartz rib, up to approximately 4 m wide within the 
central part of the vein, forms a conspicuous feature in the 
easternmost parts of the Heights Pasture opencast workings 
(Figure 1).

Figure 1. Heights Pasture opencast workings, looking west. 
Fluorspar has been extracted from lenses within the Slitt Vein, 
leaving a prominent iron and manganese oxide stained quartz 
rib in the centre of the vein (centre and right of view). Segnitite 
occurs in manganese oxide-rich pockets and as crusts on quartz 
along a 20 m long section of the southern face of this rib.  
brian young photograph .
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the vein in the Heights Pasture opencast exhibits 
significant supergene alteration. Small pockets of galena 
typically display crusts of white crumbly cerussite, and 
scattered small (up to 5 mm) characteristic ‘Jack Straw’ 
crystals of this mineral are locally common on joint surfaces 
in the vein quartz. Covellite and malachite alteration rims, 
up to 1 mm thick, are also common around many of the 
galena pockets. despite this, no primary copper sulphide 
minerals have been found within the vein here, though small 
amounts of chalcopyrite are common within the sulphide 
assemblage beneath the supergene zones of this and many 
other nearby veins (dunham, 1990). dark brown ‘limonite’ 
staining is almost ubiquitous along fractures within large 
portions of the vein quartz, accompanied in many places by 
black coatings of botryoidal manganese oxides.  in places these 
manganese oxides form irregular pockets up to 5 cm wide.  
No primary iron or manganese minerals have been seen 
here, although iron sulphides and manganese bearing 
ankerite are widespread within the primary assemblage of 
this vein elsewhere in the vicinity.

SEgNiTiTE iN SliTT VEiN
Segnitite, which is clearly of supergene origin, occurs 

as pale yellow earthy pockets and irregular crusts up to  
5 mm thick, along with quartz, in black earthy to botryoidal 
manganese oxide concentrations (Figure 2). these are 

Figure 2. representative specimen of segnitite (yellow) on white 
quartz, accompanied by black manganese oxides. The specimen  
is 24 mm tall. adam Pacey photograph.

Figure 3. X-ray diffraction pattern of a sample of yellow crust from Slitt Vein at Heights Mine. The positions of the identified peaks (orange)
are in excellent agreement with those expected of segnitite (red) and quartz (blue), as shown.
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present within a belt of strongly fractured iron and manganese 
oxide-stained quartz over a strike length of approximately 
20 m along the southern flank of the prominent quartz rib 
exposed in the eastern parts of the Heights Pasture opencast 
workings. Segnitite also occurs here as pale yellow earthy 
crusts up to 3 mm thick and 25 mm across, coating fracture 
surfaces in the quartz.

Segnitite was positively identified by X-ray diffraction 
(Figure 3) using an Enraf-Nonius powder diffraction 
system 120 diffractometer and INEL 120° curved position-
sensitive detector. A powdered sample was placed on a zero 
background sapphire substrate and measured for 30 minutes 
in reflection geometry, with a fixed angle between the X-ray 
tube, sample holder and detector. Co-Kα1 radiation was 
generated under operating conditions of 40 kV and 40 ma, 
and confined by a germanium primary beam monochromator 
and slit system to produce an X-ray beam of 0.14 x 5 mm, 
incident at an angle of 4° to the sample surface. Angular 
linearity of the detector was calibrated using silver behenate 
and silicon standards.

it was not possible, during the present investigation,  
to characterise the manganese oxide phases present here.

aRSENiC iN ThE NORThERN 
pENNiNES

the discovery of segnitite invites speculation on the 
source of the arsenic within Slitt Vein.

arsenic is generally uncommon within the deposits of 
the Northern Pennine Orefield, though the following small 
concentrations of primary arsenic-bearing minerals have 
been recorded.

arsenopyrite, FeasS, was described by Vaughan and 
ixer (1980) as tiny inclusions in sphalerite from Closehouse 
Mine, lunedale and as a minor constituent of the baryte vein 
at New brancepeth Colliery (dunham, 1990). Nickeline, 
Nias, was found at Settlingstones Mine, near Fourstones 
(russell, 1927), Hilton Mines, near appleby (bridges, 
1982) and at lady’s rake Mine, teesdale (young et al., 
1985). The sulphide-rich flat deposits at Tynebottom Mine, 
Garrigill contain glaucodot, (Co,Fe)AsS, and gersdorffite, 
NiasS, intergrown with iron sulphides (ixer et al., 1979).

amongst the area’s supergene minerals, erythrite, 
Co3(aso4)2·8H2o, has been found as very distinctive 
conspicuous rose-pink post-mining encrustations at 
tynebottom Mine, Garrigill (dunham, 1931), rotherhope 
Fell Mine, alston (davidson and thomson, 1951), Hilton 
Mine, Scordale (thomson, personal communication, in 
dunham, 1990), at Crossgill, Garrigill (bridges and young, 
1998) and in mine spoil in the river Nent at Nenthead, 
thought to have been derived from the underground workings 
of the nearby Smallcleugh Mine (young et al., 2005).  the 
nickel analogue of erythrite, annabergite, Ni3(aso4)2·8H2o, 
forms conspicuous apple-green encrustations on weathered 
ore samples at Hilton Mine, near appleby (bridges, 1982), 
lady’s rake Mine, teesdale (young et al., 1985) and 
Smallcleugh Mine, Nenthead (bridges, 1983; bridges and 
young, 1998). beudantite, PbFe3(aso4)(So4)(oH)6, has 

been identified from Tynebottom Mine, Garrigill (Dossett, 
personal communication, in bridges and young, 1998). in 
their review of supergene minerals in the orefield Bridges and 
young (1998) were unable to substantiate previous reports 
of olivenite, Cu2aso4(oH), and mimetite, Pb5(aso4)3Cl. 
young (1985) revealed that all known occurrences of 
pyromorphite group minerals within the orefield are close 
to the pyromorphite (i.e. P-rich) end member. 

diSCUSSiON
No primary arsenic-bearing species have hitherto been 

reported from Slitt Vein or any other veins or associated 
deposits in Weardale. Considerable arsenic may, however,  
be hosted by iron sulphides, present either within the minerals 
by substitution for sulphur, or as microscopic inclusions 
of arsenic-bearing species. as such, iron sulphide-rich 
assemblages, locally found within Slitt Vein, and observed 
elsewhere in Weardale, are the most likely source of the 
arsenic required to form segnitite. Given the similarity 
of these iron sulphide assemblages to those present at 
Tynebottom Mine and elsewhere in the orefield, it is further 
conceivable that microscopic inclusions of glaucodot and 
gersdorffite, as recorded at Tynebottom Mine, by Ixer et al. 
(1979), or other arsenic-bearing species may also be present 
within iron sulphides of the Slitt Vein. Nonetheless, in the 
absence of any records of arsenic in such sulphides in this 
area, this must be regarded as a speculative suggestion.

Whereas the pale yellow colour of the segnitite found 
at Heights Pasture is comparatively conspicuous where 
it contrasts with associated black manganese oxides, the 
mineral is otherwise rather easily overlooked, or may be 
readily confused with similar coloured species such as the 
jarosites, especially where it occurs coating fractures in vein 
quartz. As with many other relatively inconspicuous species, 
it is therefore possible that it may prove to be of more 
widespread occurrence if more analyses were undertaken 
on supergene coatings with a similar appearance.

aCKNOWlEdgEMENTS
We are grateful to dr Jens Najorka of the Natural History 

Museum, London, for assistance in X-ray diffraction.  
We also wish to thank dr richard braithwaite and  
dr Monica Price for their helpful reviews of the manuscript.

REFERENCES
betterton, J., Green, d.i., Jewson, C., Spratt, J. and tandy, 

P. (2000). Famous mineral localities: Penberthy Croft 
Mine, St. Hilary, Cornwall, england. UK Journal of 
Mines & Minerals, 20, 7–37.

birch, W, d., Pring, a. and Gatehouse, b.M. (1992).  
Segnitite, PbFe3H(aso4)2(oH)6, a new mineral in the 
lusungite group from broken Hill, New South Wales, 
australia.  American Mineralogist, 77, 656–659.

bridges, t.F. (1982). an occurrence of nickel minerals in 
the Hilton Mines, Scordale, Cumbria. Journal of the 
Russell Society, 1(1), 33–39.

bridges, t.F. (1983). an occurrence of annabergite in 
Smallcleugh Mine, Nenthead, Cumbria. Journal of the 
Russell Society, 1(2), 18.



Journal of the Russell Society (2016)42

bridges, t.F. and young, b. (1998). Supergene minerals of 
the Northern Pennine Orefield - a review. Journal of the 
Russell Society, 7, 3–14.

Cotterell, t.F., Green, d.i., Hubbard, N., Mason, J.S.,  
Starkey, r.e. and tindle, a.G. (2011). the Mineralogy of 
dolyhir Quarry, old radnor, Powys, Wales. U.K. Journal 
of Mines & Minerals, 32, 5–61.

davidson, W.F. and thomson, N. (1951). Some notes on 
the minerals of Cumberland and Westmorland. North  
Western Naturalist, 23 (for 1948), 136–154.

dunham, K.C. (1931). Mineral deposits of the alston 
block. Proceedings of the Geologists’ Association, 42, 
274–281.

dunham, K. C. (1990). Geology of the Northern Pennine 
Orefield (2nd edition); Volume 1 Tyne to Stainmore. 
economic Memoir of the british Geological Survey, 
england and Wales.

Green, d.i., bridges, t.F., rumsey, M.S. and tindle, a.G. 
(2006). A review of the mineralization at Driggith and 
Sandbed mines, Caldbeck Fells, Cumbria. Journal of the 
Russell Society, 9, 4–38.

ixer, r.a., Stanley, C.J. and Vaughan, d.J. (1979). Cobalt-, 
nickel- and iron sulpharsenides from the north of england. 
Mineralogical Magazine, 43. 389–395.

russell, a. (1927). Note of an occurrence of niccolite and  
ullmannite at the Settlingstones Mine, Fourstones, 
Northumberland. Mineralogical Magazine, 21, 383–387.

Vaughan, d. J. and ixer, r. a. (1980). Studies of sulphide 
mineralogy of north Pennine ores and their contribution 
to genetic models. Transactions of the Institution of 
Mining and Metallurgy, 89, b99–109.

young, b. (1985). the occurrence of pyromorphite in the 
Northern Pennines. Journal of the Russell Society, 1(3), 
81–82.

young, b., Styles, M.t. and berridge, N.G. (1985).  
Niccolite-magnetite mineralization from Upper  
teesdale, North Pennines. Mineralogical Magazine, 49, 
555–559.

young, b., Hyslop, e.K., bridges, t.F. and Cooper, J. 
(2005). New records of supergene minerals from the 
Northern Pennine Orefield. Transactions of the Natural 
History Society of Northumbria, 64, 211–214.

EXhalaTiVE BaNdEd iRON OXidE MiNERaliSaTiON aSSOCiaTEd 
WiTh MiddlE ORdOViCiaN pillOW-BaSalTS FROM CadaiR idRiS, 

NORTh WalES
John S. MaSoN

bronygraig, Forge, Machynlleth, Powys, Sy20 8rW.

The Middle to late Ordovician aran Volcanic group (aVg), assigned a darriwilian to Sandbian (formerly llanvirn-
Caradoc) age, comprises much of the mountainous massif that stretches from Cadair idris to aran Fawddwy in 

southern Snowdonia. its base marks the local onset, in the Middle Ordovician, of bimodal volcanism in a back-arc 
tectonic setting. In the Cadair Idris district, the first major episode of effusive basic volcanism within the AVG is 

recorded by the llyn y gafr Volcanic Formation (lgVF), dominated by up to 360 m of frequently pillowed basaltic 
lavas and basic tuffs. Within the outcrop of the LGVF in the Llynnau Cregennen area, to the north of Cadair Idris,  

a series of poorly-documented trial workings explored banded iron oxide deposits of a nature unique to Wales.  
The iron mineralisation, dominated by magnetite, hematite and jaspery quartz, lying conformably on top of basalt 

pillows and passing up into feldspathic tuffite, has a visual resemblance to banded iron formation (BIF). The deposit 
has been modified by burial-related regional metamorphism, but petrological investigations reveal that it was probably 

deposited by repeated undersea exhalations of iron-rich hydrothermal fluids in the absence of significant available 
sulphur. This paper provides an initial petrographic description of the deposit, as a foundation for further research.

iNTROdUCTiON aNd gEOlOgiCal 
SETTiNg: ThE llYN Y gaFR 
VOlCaNiC FORMaTiON

at the type section of the lGVF (Pratt et al., 1995), the 
lower part of the formation is described as being dominated 
by massive, pillowed basalt lavas with intercalated basic 
and minor acidic tuffs and mudstones, along with coarse-
grained debris flows of basic tuff. The upper part of the 
formation generally consists of massive, vesicular and 
pillowed basalt lava, overlain by coarse-grained reworked 
breccia. The basalts are interpreted to reflect passive 
effusive eruption in a submarine environment below wave-
base and the variable thickness (up to 360 m) is interpreted 

to reflect ponding of lava in fault-bounded depressions, 
although basic intrusions, which are locally common within 
the lGVF, often inhibit accurate thickness estimates.

the lGVF is overlain, unconformably in places, by the 
ty’r Gawen Mudstone Formation (tGMF), which includes 
near its base the Fron Newydd Member, a dark grey pyritic 
mudstone unit containing an impersistent oolitic ironstone 
which has been trialed and in places exploited for iron 
at several points along its outcrop, notably near Cross 
Foxes [SH 761 165]. Poorly-preserved graptolites within 
the mudstone tentatively suggest a darriwilian (formerly 
llanvirn-llandeilo) to early Sandbian (formerly Caradoc) 
age (Pratt et al., 1995), the implication being that the 
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underlying lGVF is likely to be entirely of darriwilian age. 
in the Cadair idris district, the tGMF is overlain by the  
Pen y Gadair Volcanic Formation, consisting of basalt lavas 
and thin acid tuffs, and the Craig Cau Formation, dominated 
by acidic ash-flow tuffs and marking the final major episide 
of volcanism in the southern Snowdonia district. these 
younger volcanic rocks, of Sandbian age, are thought to be 
the lateral equivalents of the benglog Formation and the 
aran Fawddwy Formation, which feature on older adjacent 
1:50,000 geological maps, respectively (rushton and 
Howells, 1998).

in the general area of the trial workings (Figures 1 and 2), 
exposures of the lGVF reveal greenish-grey basaltic 
lavas, locally with well-developed pillows (Figure 3) 
and intercalated with pale grey tuffites with a distinctly 
bleached appearance. the basalts consist of augite, feldspar 
and interstitial chlorite, epidote and leucoxene/titanite  
(Pratt et al., 1995). alteration comprises replacement 
of augite by actinolite and albitisation of original calcic 

feldspar with development of calcite, chlorite and epidote. 
locally abundant vesicles, typically 5–10 mm in diameter, 
are filled by calcite. Quench textures are developed at pillow 
margins, which consist of chloritised basaltic glass, locally 
with disseminations of chalcopyrite forming clustered 
millimetre-sized grains at one outcrop [SH 661 138].  
The inter-pillow tuffites consist almost entirely of albite, 
with minor titanite, in a devitrified groundmass. In the 
vicinity of the trial workings, a thicker acidic ash-flow tuff 
overlies the pillow-lava–tuffite sequence, the whole of which 
dips steeply (>60°) to the ESE. The pillows are commonly 
flattened, a response to the compressive deformation 
that occurred during the acadian orogeny. regionally,  
the sequence lies adjacent to the southern margin of the 
Harlech Dome, with the strata having a steep (50–70°) dip 
averaging to the ESE but modified locally in direction by 
smaller-scale folds, both regional and local tilting again 
being of acadian origin.

ThE TRial WORKiNgS aNd ThE 
MiNERaliSaTiON

Small opencuts, adits and shafts, mentioned by Pratt et al. 
(1995), where they are said to be driven on mineralised 
faults, extend intermittently along an approximately 
650 m tract of the outcrop of the lGVF to the SW of the 

Figure 1. Map showing location of the Cregennen ironstone 
workings. the best-developed mineralisation is at the middle  
of the three trial workings shown.

Figure 2. Simplified geology of the Cregennen district with 
minor roads (yellow) and the Cregennen lakes included.  
tyG = ty’r Gawen Mudstone Formation (mudstones with oolitic 
ironstone near base); G = microgranite; l = llyn y Gafr Volcanic 
Formation; B = basalt, interpreted as intrusive; F = acidic tuff;  
M = microgabbro; Cg = Cregennen Formation (mudstones 
with tuffs and tuffites; O = older Ordovician and Cambrian, 
undifferentiated. X = position of main trial. Contains British 
Geological Survey materials © NerC 2016.

Figure 3. Pillow-basalts, belonging to the llyn y Gafr Volcanic 
Formation, by the roadside at SH 663 137.

Figure 4 (see p. 44). the main trial near Hafotty-fach. another 
small trial is visible in the distance near the lHS of the photograph.
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Figure 5. the steeply-dipping iron oxide mineralisation in situ, 
partially obscured by vegetation.

Figure 6. Tuffite, from above the top of the massive iron ore, with 
a further thin band of lamellar hematite and scattered magnetite 
euhedra. the hematite band is approximately 5 mm in thickness.

Table 1. the conformable, steeply-dipping stratigraphic sequence 
(top downwards) from the walls of a small shaft-like excavation to 
the west of the ruined house of Hafotty-fâch [SH 659 134].

Thickness description

1.5m from top Pillowed basalts: highly vesicular, with calcite-
filled vesicles in bands. Tuffite at base and 
further intercalated thin tuffite bands with traces 
of weak hematite-magnetite mineralisation.

Variable: up to 
30 cm

Tuffite: although the basal contact appears 
sharp from a distance, there exists a gradational 
transition from the underlying massive iron 
oxides into a pale grey (locally pinkish near 
the base), feldspathic tuffite (mostly albite, 
with minor titanite). the lower 10 cm of the 
tuffite contains bands of scattered 0.25–1 mm 
euhedral magnetite crystals and persistent thin 
bands of lamellar hematite (Figure 6). there 
is evidence for a locally discordant contact 
between the base of the tuffite and the top of 
the massive iron ore (Figure 7), with truncation 
of hematite lamellae along the boundary

Variable: up to 
30cm

Massive iron ore: banded jasper passing 
up into mineralisation dominated by bands 
packed with euhedral magnetite crystals  
(1–3 mm) alternating with bands dominated by 
lamellar hematite (Figure 8) which lead up to 
the top of the deposit. traces of chalcopyrite 
(in places oxidised to small specks of goethite 
and malachite) and minor quartz and chlorite

Variable: up to 
30cm

Massive iron ore: podiform, bright to dull 
red jasper, always with scattered magnetite 
euhedra, in places concentrated into bands. 
Material on the tips indicates that the banding is 
variable in nature: locally it is well-developed 
(Figure 9); other blocks show a cruder banding 
whilst in yet others a mottled texture of patches 
of jasper surrounded by later milky quartz  
is exhibited, suggestive of internal brecciation 
of the jasper (Figure 10). Chalcopyrite is rarely 
present in small, millimetre-sized patches 
(Figure 11)

2-4 cm Massive iron ore: alternating bands of coarse 
(typically 1–3 mm) euhedral magnetite and 
lamellar hematite. When broken, bedding-
parallel surfaces in the lamellar hematite 
are smooth and have a dull metallic lustre  
(Figure 12).

1.6 m to base Pillow basalt: highly vesicular, with calcite-
filled vesicles in bands. Chalcopyrite, present 
elsewhere in the district, is not observed. 
Quenched, smooth top covered in 1–3 mm 
magnetite octohedra (Figure 13)

Cregennen lakes, from SH 658 132 to SH 662 139. the 
key exposure (Figures 4 and 5; Figure 4, see p. 43), where 
the mineralisation is most strongly developed, is a small 
shaft-like excavation to the west of the ruined house of 
Hafotty-fâch [SH 659 134]. the excavation was long ago 
partially back-filled with rubbish and stony debris, but it is at 
least 3 m deep and, judging by the size of the tip, probably 
deeper. in 2006 (since when it has become more vegetated), 

its walls showed a conformable, steeply-dipping sequence, 
documented from the stratigraphic top downwards  
in table 1.

the other trial workings, to the SW and Ne of the main 
locality, expose only minor iron oxide mineralisation of  
a similar nature to that at the top of the basal unit above.

pETROlOgY OF ThE iRON ORE
thirteen polished sections and twelve polished thin 

sections were prepared from samples collected during 
fieldwork. The deposit has a simple mineralogy dominated 
by hematite, magnetite and quartz. Two facies are present, 
with lamellar hematite-dominated and banded jasper-
dominated groundmasses respectively, within both of which 
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Figure 7. the top of the massive iron ore, showing truncation 
of hematite lamellae against the overlying pale tuffite, in which 
further but less abundant magnetite euhedra occur.

Figure 8. From the massive iron ore, basalt (at base), then 
magnetite/hematite then jasper with a prominent magnetite band 
towards the top of the sample.

Figure 9. From the massive iron ore: well-banded jasper.

Figure 10. From the massive iron ore: jasper showing internal 
brecciation and cementation by quartz.

Figure 11. From the massive iron ore: polished section of jasper 
with minor chalcopyrite - image obtained with scanner. Field  
of view 20 mm across.

Figure 12. From the massive iron ore: the smooth, lustrous surface 
of a lamellar hematite band, with embedded magnetite octahedra.

Figure 13. From the base of the massive iron ore: flattened, 
vesicular pillow-lava, overgrown by hematite and magnetite and 
then jasper.

the magnetite occurs as euhedral porphyroblastic crystals up 
to 3 mm in diameter, varying in abundance from scattered 
to crammed.

the hematite-dominated facies has a bedding-parallel 
lamellar fabric in hand specimen, and is steely-grey in colour. 
it parts easily along some of the lamellae, the surfaces of 
the partings having a dull metallic appearance (Figure 12).  
In polished section, the hematite is extremely fine-grained 
and the banding is picked out by layers that are relatively 
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Figure 15. From the massive iron ore: photomicrograph of 
euhedral magnetite crystals to around 1 mm in diameter, replacing 
lamellar hematite and the groundmass.

Figure 16. From the massive iron ore: photomicrograph of lamellar 
hematite band, truncated on rHS. euhedral magnetite crystals  
to 1 mm in diameter have replaced the hematite. later deformation 
has generated well-developed quartz pressure-fringes.

Figure 17. From the massive iron ore. Photomicrograph of 
polished section of lamellar hematite (white) and euhedral 
magnetite (pinkish-grey) partially replacing both the hematite and 
the groundmass. lamellar hematite is slightly deformed against 
magnetite crystals, the largest of which are around 1 mm in 
diameter.

rich in finely-divided quartz, chamosite and feldspar  
(Figure 14). Magnetite occurs as inclusion-free 
porphyroblastic euhedra which appear to have overprinted 
the lamellar fabric without any disruption (Figure 15). 
Prominent pressure-fringes around the magnetite euhedra 
(Figure 16), composed of quartz, record later Acadian 
compressive deformation and thereby indicate that the 
growth of the magnetite euhedra pre-dated the acadian 
regional strain-related metamorphism. the lamellar fabric 
of the hematite is rarely observed to be slightly deformed 
against the magnetite porphyroblasts (Figure 17).

the banded jasper-dominated facies varies in terms 
of the preservation of the banding. in some instances, the 
banding is preserved in great detail (Figure 9), whereas in 
others it has been completely disrupted into an irregular 
mixture of jasper and milky quartz. In such cases, the 
milky quartz encloses the angular, millimetre to centimetre-
sized fragments of jasper, the texture suggestive of the 
jasper having undergone local internal brecciation and 
cementation by the quartz (Figure 10). Within the banded 
jasper-dominated facies, magnetite is present as scattered 
to abundant euhedra of a similar size to those present in 
the lamellar hematite. Chalcopyrite is present as rare, often  
part-weathered, irregular grains mainly less than 1 mm 
across (Figure 11); partial replacement by goethite and 
malachite is frequent. in most instances, the paragenetic 
position of the chalcopyrite is unclear as it polishes poorly 
due to the weathering: in one polished section chalcopyrite 
was observed to enclose euhedral magnetite. locally, narrow 
(<5 mm) fissure-filling veinlets are present. Orientated 

Figure 14. Tuffite, from above the top of the massive iron ore: 
polished section showing bands of lamellar hematite and scattered 
magnetite octahedra - image obtained with scanner. Field of view 
20 mm across.
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(see bevins and Mason, 2010, pp. 201–381), so tin and 
tungsten were included in this instance. 

representative portions of the sample were digested in 
aqua regia and the resulting solution was analysed by either 
atomic absorption (most elements), or inductively-coupled 
plasma mass-spectrometry (tin and tungsten). Gold and 
the platinum group metals were determined by fire assay 
(J. Mahoney, personal communication). these analyses 
yielded the results shown in table 2.

Copper, lead, zinc, cobalt, nickel and silver are enriched 
to varying extents relative to average crustal abundance 
although cobalt, nickel and zinc are close to average values 
for basaltic rocks. Copper is clearly present in the deposit 
in the form of rare chalcopyrite and supergene malachite, 
although the source of the lead remains unresolved.  
The 46.64 % Fe content strongly reflects the bulk mineralogy, 
which is dominated by crudely to finely-banded iron oxides.

diSCUSSiON 

Origin of the deposit
examination of textures in the hematite-jasper-magnetite 

mineralisation at Cregennen, as described above, strongly 
suggests that it originated as a hydrothermal exhalative 
deposit, but was subsequently modified during diagenesis, 
burial-related metamorphism and acadian strain-related 
metamorphism. the precipitation pathways of hydrous 
and anhydrous ferric oxides in a near-seafloor environment 
are variable in their detail because they are sensitive to  

Figure 18. From the massive iron ore. Polished section showing 
drusy, jasper-red quartz forming veinlets parallel to the banding 
(image obtained with scanner). Field of view 20 mm across.

Figure 19. Photomicrograph of the same polished section as in 
Figure 18, viewed under crossed polars. Euhedral jaspery quartz 
is overgrown by fine-grained hematite. Both are replaced by later, 
euhedral magnetite crystals between 1 and 2 mm in diameter.

Table 2. analytical data for a representative sample of the magnetite-dominated mineralisation from 
the main trial near Hafotty-fach. elements below detection limits (in parentheses) were arsenic and 
bismuth (<10ppm), tin and tungsten (<5ppm), platinum and palladium (<5ppb).

Cu ppm Pb ppm Zn ppm ag ppm Sb ppm Fe % Co ppm Ni ppm au ppb

308 620 100 0.6 10 46.64 52 175 10

parallel to the layered texture of the jasper and appearing to 
be shrinkage (syneresis) cracks, they are lined by euhedral 
quartz crystals that have grown along each wall. Quartz 
crystals are coloured vivid jasper-red due to microscopic 
red hematite inclusions (Figures 18 and 19). the crystalline 
quartz is overprinted by magnetite euhedra and the central 
zones of such veinlets consist of fine-grained hematite.

The gradation into the pale grey overlying tuffite again 
features bands of hematite lamellae and magnetite euhedra 
(Figure 14), both of which gradually and respectively 
decrease in thickness and size upwards. Again, pressure-
fringes related to later compressive deformation are present 
around the magnetite crystals.

gEOChEMiSTRY
a representative grab-sample of approximately 1 kg of 

magnetite-dominated mineralisation was analysed in the 
late 1990s by oMaC laboratories, Co. Galway, eire, for a 
range of elements that can be enriched in various igneous-
related metallogenic settings. For example, in the Snowdon 
Caldera, some 30 km to the north, vein-breccias believed to 
be cogenetic with ordovician volcanism contain abundant 
magnetite associated with cassitterite and scheelite  
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a number of factors including pH, eh and oxygen levels  
(e.g. Chan et al., 2007). one reaction takes soluble ferrous 
iron straight to hematite:
2Fe2+(aq) + ½o2(g) + 2H2O(l) → Fe2o3(s) + 4H+(aq)
an alternative reaction produces goethite:
2Fe2+(aq) + ½o2(g) + 3H2O(l) → 2FeO(OH)(s) + 4H+(aq)
Goethite can then be dehydrated to form hematite:
2Feo(oH)(s) → Fe2o3(s) + H2o(l)

However, in the case of the Cregennen deposits,  
the existence of a hydrous precursor to the hematite  
is implied by the apparent syneresis cracks, which suggest 
that shrinkage occurred, itself indicative of dehydration.  
One possibility is that the iron first precipitated as ferrihydrite, 
Fe3+

10o14(oH)2, a widespread, but poorly-defined, ochreous 
mineral. Ferrihydrite dehydrates to hematite at much lower 
temperatures than goethite, thereby permitting the reaction 
to occur earlier in the diagenetic process. the hypothesis 
proposed below requires further testing, but it is supported 
by textural evidence and has similarities to that discussed, 
for example, by Grenne and Slack (2003).

the podiform and variable thickness of the deposit 
is interpreted to represent ponding of relatively dense, 
pulse-exhaled iron-rich hydrothermal fluids within the 
topographical lows that would have been commonplace on a 
sea-floor consisting of recently-erupted pillow-basalts. The 
fluids deposited iron in the form of laminae of amorphous 
hydrated ferric oxide, accompanied and at times overlain 
by varying quantities of hydrated amorphous opaline 
silica, the whole deposit essentially forming a laminated, 
ferruginous silica gel. For a time, mineral deposition was 
the predominant process but eventually tuffite deposition 
became more important, though during the transition from 
one process to the other, periodic resurgences of exhalative 
activity occurred, resulting in the deposition of further, 
thinner bands of hydrated iron oxide, within the lower 
part of the tuffite. The deposition of the base of the tuffite 
appears to have been accompanied by minor erosion of the 
layered hydrated ferric oxide, suggesting possible turbidity 
current activity.

diagenesis led to the dehydration of the laminated, 
ferruginous silica gel and the conversion of the hydrated 
ferric oxide to hematite, which still retained the layered 
texture to an extent. Hydrated silica crystallised to form 
jasper with the original laminar banding preserved. However, 
further dewatering caused localised internal destabilisation, 
involving brecciation of the jasper and loss of the laminated 
texture. locally, syneresis during dehydration permitted 
small shrinkage-cracks to develop which in turn became 
lined with euhedral quartz (enclosing fine hematite dust) 
and hematite.

Progressive burial-related metamorphism (from 
diagenesis through to lower greenschist facies) then led 
to the remobilisation of iron (from hematite and/or from 
chamosite) and the development of porphyroblastic 
magnetite euhedra which replaced both hematite and the 
matrix. the variable distribution of the magnetite euhedra, 
scattered but locally packed into ‘bedding’-parallel 

bands, possibly reflected the variable concentrations of 
available iron at different horizons within the deposit. 
during subsequent acadian strain-related metamorphism,  
the matrix, especially where hematite-dominated, was 
deformed against the magnetite euhedra to generate 
pressure-fringes which became filled by quartz.

The regional picture

How does the Cregennen iron oxide mineralisation fit 
into the overall scheme of Lower Palaeozoic metallogenesis 
in North Wales? to address that question, it is instructive 
to compare and contrast Cregennen with other, spatially-
associated, mineral deposits of the South Snowdonia region. 

Firstly, there are the more widespread bedded ironstones, 
of an oolitic or pisolitic nature, which occur at several 
horizons in the Lower to Middle Ordovician across North 
Wales (Figure 20) and, in the Cadair idris district, examples 
are found in the lower part of the ty’r Gawen mudstones, 
just above the lGVF (trythall, 1989, pp. 213–220). the 
bedded ironstones supported a modest iron-mining industry 

Figure 20. oolitic sedimentary iron-ore from the ordovician 
of North Wales - a characteristic sample, circa 50 mm across,  
from the Penyrallt iron Mine near Penrhyndeudraeth.

Figure 21. Photomicrograph of polished section of oolitic 
sedimentary iron-ore from tyllau-Mwn Mine. the oolith has been 
partially replaced by fine-grained magnetite and has been replaced 
by later euhedral magnetite porphyroblasts, these reaching 0.5 mm 
in size.
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primarily during the 19th and earliest 20th centuries. typically 
yielding 35–45% metallic iron (Strahan et al., 1920),  
the ores consist variably of chamosite, stilpnomelane, 
pyrite, magnetite and siderite. the presence of pyrite (as at 
the Cross Foxes Mine), silica and phosphorus were regarded 
as metallurgically detrimental, which according to North 
(1962) was a major factor in the tendency for the mines 
to be mostly near-surface affairs, the implication being 
that the ores were only economical if the costs of raising 
them could be minimised. the ironstones typically occur 
within shallow-water sedimentary sequences and, together 
with others of a similar age deposited elsewhere along the  
peri-Gondwanan margin, they indicate a widespread influx 
of iron. young (1993, pp. 446–489) interpreted the iron 
influx to have resulted from large-scale terrestrial weathering 
taking place in the vicinity of the sediment source. the fact 
that the ironstones formed upon local topographical highs 
is supportive of the assertion that the ooliths and pisoliths 
were formed by reworking and winnowing of existing  
iron-rich sediments with little or no contemporaneous 
sediment deposition.

the above description is at odds with the characteristics 
of the Cregennen hematite-magnetite deposits, highlighting 
the quite different nature of the latter. The only thing 
Cregennen has in common with the oolitic iron ores is that 
porphyroblastic magnetite, well-developed at Cregennen, 
is a feature of some of the oolitic ironstone occurrences. 
However, the tendency of magnetite to form coarse, euhedral 
porphyroblasts during burial-related metamorphism of iron-
rich sedimentary rocks is well known. Figure 21 shows an 
example of partial replacement of ooliths by magnetite 
euhedra in a sample from the tyllau Mwn ironstone Mine, 
situated a short distance to the west of aran Fawddwy 
summit (bevins and Mason, 2010, pp. 201–381). tyllau 
Mwn is not far (circa 15 km) from Cregennen and it is 
reasonable to infer that it and the Cregennen mineralisation 
probably underwent similar degrees of burial-related 
metamorphism. However, as Figure 21 shows, the oolitic 
texture clearly remains, despite the partial recrystallisation.

a notable feature of the Cregennen mineralisation is the 
apparent absence of pyrite, with rare chalcopyrite having 
been the only sulphide mineral identified to date. In the 
context of the Lower Palaeozoic rocks of North Wales, the 
lack of pyrite is most unusual; iron sulphides are widespread 
and often abundant in these strata. Most of the sedimentary 
rocks of the district contain disseminated pyrite and/or 
pyrrhotite, abundantly so in units deposited in an anoxic 
environment such as the black mudstones of the Middle 
Cambrian Clogau Formation and the late ordovician Nod 
Glas Formation.

one possibility is that the Cregennen mineralisation 
is a distal, oxide-dominated representative of a larger, 
volcanogenic massive sulphide (VMS) exhalative system. 
it is worth noting that the benglog Volcanic Formation, 
which is approximately the lateral equivalent to the lGVF, 
was investigated by the british Geological Survey for its 
VMS potential (Cooper et al., 1983). in the explored area, 
between dolgellau and bala and some 20 km to the Ne  
of Cregennen, disseminated pyrite was found to occur, 

locally abundantly, with minor chalcopyrite and pyrrhotite, 
in the lower part of the benglog Volcanic Formation.

an example of iron oxide mineralisation that is 
associated with VMS deposits occurs at Parys Mountain, 
on anglesey. Here, a banded, magnetite-bearing ironstone 
horizon, associated with basaltic lavas, was encountered 
in deep drill cores from Morfa du, at the western end of 
the mountain (Southwood, 1982). Further afield, and on the 
laurentian continental margin, iron oxide mineralisation 
with some similarities to Cregennen occurs in ordovician 
volcanic rocks in Co. tyrone, Northern ireland and has 
geochemical affinities to some important VMS deposits 
worldwide (Hollis et al., 2015). Clearly, more detailed 
geochemical studies are required in order to compare the 
Cregennen mineralisation with other, visually similar, 
occurrences.

a brief comment on the lack of arsenic in the Cregennen 
mineralisation, as indicated by the geochemical analysis, 
which failed to detect the element, is justified because of 
the proximity of the Cregennen district (circa 3 km) to the 
southern outcrop of the metallogenic province known as 
the dolgellau Gold-belt. in the Gold-belt, pre-acadian and  
post-Cambrian mesothermal gold-lodes are widespread 
(Mason et al., 1999). the lodes are hosted by Cambrian 
sedimentary rocks and associated igneous intrusions, 
thought to be of lowermost ordovician age. arsenic  
is highly elevated on a regional basis and massive 
arsenopyrite is common at the numerous gold mines and trial 
workings, with the wall-rocks almost invariably affected 
by locally-pervasive pyritisation and arsenopyritisation 
(Mason et al., 2002). Porphyry-type copper mineralisation 
also occurs within the Gold-belt at Coed y brenin and other 
localities: it is regarded as being of lower ordovician age 
and is likewise strongly enriched in arsenic (allen and 
Jackson, 1985; bevins and Mason, 2010, pp. 201–381).

that arsenic and sulphur were readily available in 
nearby crust yet were not significantly incorporated into 
the Cregennen deposit is suggestive of a rather localised 
hydrothermal plumbing system that did not tap deeply 
into the rocks below. Such mineral deposit chemistry is 
indicative of a hydrothermal system operating in a submarine 
geochemical environment with little sulphur activity and  
a lot of oxygen activity. the source for the iron appears to 
have been hydrothermal exhalation associated with pillow 
basalt eruption. Jasper is a common accompaniment to  
pillow-basalts worldwide, originating as ferruginous 
sediment precipitates from low-temperature hydrothermal 
fluids and accumulating as small mounds above 
hydrothermal vents. Such sediments then become entrapped 
beneath successive flows where, rather than forming 
continuous beds, they tend to form irregular bodies between 
the pillow-lava flows.

in the case of the Cregennen mineralisation, the picture 
seems to be more evolved than is the case with most pillow 
basalt-related jasper occurrences. repeated hydrothermal 
exhalation in association with submarine volcanism has 
created a compositionally-banded deposit with a more 
complex mineralogy and a much greater enrichment of 
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iron, with some textural and mineralogical similarities to 
biF. However, in order to fully explain the genesis of the 
Cregennen mineralisation, further research is required.
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