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Guest Editorial

At a time when health and safety considerations are becoming ever more important, it is perhaps instructive to look 
at the work that we have been doing in the Mendip Hills (reported in this issue of the Journal) in a different light, as 
an example of what can be achieved when both amateurs and professionals work together.

Although far from complete, our study has so far occupied more than five years, involving a large international team 
comprising professionals from five museums1, seven universities2, and eight quarrying companies.  In addition, some 
50+ private individuals have loaned specimens for study, or provided unpublished data, personal notes and other 
information.

Equally instructive is a list of the results achieved:

• Conservation of a considerable amount of mineralogical material, which would otherwise have been lost forever. 
Large amounts of choice material have been added to national and public collections, both preserving it and 
forming a resource for future study, and many specimens have found their way into private collections.

• An increase in the number of minerals recorded from the Mendips from around 40 to over 110, including the ‘first 
UK occurrences’ of a number of minerals, such as fornacite, kombatite, and sahlinite.

• Redefinition of several existing mineral species, including mereheadite and chloroxiphite, including a realisation 
that more ‘common’ minerals such as hydrocerussite and crednerite need further study.

• Discovery of around a dozen new minerals, including several oxychlorides, some of which are in the process of 
being formally described. At least two of these have entirely new and novel structures.

• Discovery of the complex mechanisms behind the formation of the manganese deposits, and consequential 
understanding of their distribution as well as their unusual chemistry and mineralogy.

• A realisation that apparently separate deposits, such as Higher Pitts Farm and Merehead Quarry, are in fact related, 
and the discovery of parallels between the Mendips and the famous deposits at Långban in Sweden, the Kombat 
Mine in Namibia, and the Mammoth St. Anthony Mine in Tiger, Arizona.

• Production of a considerable number of scientific papers, some of which have already been published, with the 
remainder still being prepared.

Quite astonishingly, all of this has been achieved without any formal organisation. Mike Rumsey and I have done 
little more than guide and coordinate the various activities, and furthermore it has all been done without any budgets 
or expenditure. Numerous field trips have been undertaken (without a single untoward incident, I might add) and on 
many occasions, quarry companies have called us in when something interesting has turned up, or have provided 
heavy equipment to help with large scale excavation of interesting deposits. 

It is clear that everybody involved benefits from the collaboration, that it creates a significant resource for both 
professional and amateur scientists in the future, and that there has been a minimum of impact on the normal day-to-
day operations of quarries and institutions involved. 

I would hope therefore that this experience can serve as a useful model for future collaborations.

Rick Turner
August 2010

1 Natural History Museum; the Smithsonian Institute; Manchester University Museum; the National Museum, Wales; Stockholm Museum.
2 Cambridge, Loughborough, Manchester, Salford, St Petersburg (Russia), University of Western Australia, University of Wolverhampton
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INTROduCTION
For the past five years we have been researching the 

mineralogy of the Mendip Hills, with a particular focus on 
the manganese-hosted Pb deposits found throughout the 
region. This has proved to be an unexpectedly complex 
task, and far larger than we originally envisaged. The 
list of mineral species found in the deposits has grown 
substantially during our study, and the inter-relationships 
between various species and groups have proved to be far 
more intricate than we initially expected.

We have been compiling the large mass of information 
that we have obtained, so that it can eventually go into 
book form, but the sheer volume of data coupled with the 
length of time that will still be needed to undertake the 
many investigations still outstanding – several of which are 
probably PhD thesis material, thus likely to take some years 
to complete – means that any form of definitive volume is 
unlikely to be finished for a considerable time yet (years). 
Consequently, this paper presents a snapshot of our work 
and progress as of late November 2010, in order to make the 
information available to a wider audience.

For completeness, we include in this paper information 
about minerals that were originally reported in other papers 
or publications; relevant references are provided at the 
appropriate points in the text. We have also included our 
full list of literature references rather than limiting this to 
the subset directly related to this paper, as we hope that 
this might be of interest to future researchers. Some of the 
references we have located are obscure, to say the least.

A word of caution is necessary – because this paper 
reflects work in progress, not all of the data has been 
rigorously verified (yet) and some of the ideas that we 
present still need to be tested and finalised. Any items that 
fall into these categories are identified as such in the text, 
and with such things it is inevitable that changes will have 
to be made as research progresses. We have chosen to make 
our ideas and observations public at this moment in order to 
help other researchers and collectors by providing as much 
information as possible. 

We also want to put our data and ideas into a format that 
might be helpful to future researchers, even where there is 
only partial information. We suspect that all of us – whether 
professional mineralogist or collector – have at one time 
or another looked at some or other specimen from a now 
long-worked-out locality and wished “if only they’d kept 
records of ….”, so we determined not to be guilty of that 
particular crime ourselves. Consequently, if you have first-
hand knowledge of the deposits in question some of the 

statements in this paper may appear to be obvious, but we 
hope that the information will be useful to those without 
that personal experience.

A NOTE ON ThE COvERAGE Of OuR STudy
A glance at Table 1 (see fold out) will immediately make 

apparent the patchiness of our collective knowledge about 
the Mendip deposits – most of the table is blank, and this 
study has made us aware that there are very large gaps in 
the data related to the mineralogy, the mines, and their 
long history. We are still seeking information and would 
welcome any contributions. If you have any specimens 
from localities not on our list, or which contain minerals not 
shown in this table, please let us know.

The ‘shape’ of our knowledge is certainly distorted by 
another factor: the amount of material available for study from 
the various localities (Figure 1). There is a large amount of 
extant material from Merehead Quarry, relatively complete 
suites from localities around Bristol such as the Wesley Mine 
and Coombe Farm and from other quarries around Frome, 
such as Holwell (Coleman’s Quarry) and Whatley, and there is 
a reasonable amount of material from localities around Priddy 
including the Higher Pitts Mine. Consequently, we have good 
knowledge of these particular localities.

However, for the vast majority of Mendip localities we 
have at best extremely limited material – often only one 
or two specimens – and for a surprising number there are 
simply no specimens at all. This may be down to our inability 
to find the specimens, but we have conducted a pretty wide-
ranging (if informal) search and at one time or another have 
spoken to many of the major museums as well as to dealers 
and a large number of collectors all over the world. Even 
so, we have been unsuccessful and it begins therefore to 
appear that there is little or no preserved material. This is 
unfortunate, but perhaps not surprising given that some of 
the localities were worked out and closed before the end of 
the 17th Century – well before in some cases.

Finally, there is another source of distortion – this study 
is still a work in progress. We chose to begin studying 
some material from Merehead Quarry, but then quickly 
found that we had to add other localities. We first selected 
those localities for which we had material readily to hand 
– Higher Pitts Mine, Coombe Farm, Wesley Mine, Holwell 
Quarry, etc. In due course we began working out from there, 
adding localities around Priddy such as Priddy Hill Farm, 
Stancombe Lane, and Rowberrow. However, we have not 
yet studied significant parts of the puzzle. To cite but three 
instances, we have not looked at the suite of Al minerals 
found in the Harptree area, nor at the suite of minerals in the 

ThE mINERAlS Of ThE mENdIP hIllS ANd ThEIR RElATIONShIPS

Rick TURNER 
The Drey, Allington Track, Allington, Salisbury, Wiltshire SP 4 0DD, UK 

Michael S. RUMSEY 
Mineralogy Department, Natural History Museum, Cromwell Road, London, SW7 5BD, UK
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S.G. Perceval, L.G. Spencer, Arthur Kingsbury, Sir Arthur 
Russell, and Bob Symes. 

In passing, we need to say that we have not found any 
problems with any of Kingsbury’s Mendip specimens, 
papers or notes and it seems that his work in the Mendips 
is genuine. Fortunately for both the authors and for the 
mineralogical community in general, his work there appears 
to pre-date the problems that plague some of his later 
activities.

The core NHM resource has been augmented by 
information obtained from the study of material housed 
by other museums and of numerous specimens owned by 
individuals. Material in the collections of the National 
Museum, Wales and Manchester Museum have been studied 
by Tom Cotterell and David Green respectively, who have 
freely shared their data with the authors. Their contributions 
are significant, and we thank them for this.

Many specimens belonging to Russell Society members 
and other individuals have also been studied. Over the 
years, significant amounts of important material have been 
collected on Russell Society field trips and by Society 
members and this too has been studied in detail. Material 
collected by Society members on the following field trips 
has been particularly useful:

thermally metamorphosed limestone wall-rocks, nor at the 
suite of slag minerals found in the old smelter dumps. All 
of these are quite extensive and will extend our knowledge 
significantly, but equally, will require a fair amount of 
work. We have however recorded whatever information we 
do have at this point in time. Some of it is culled from old 
literature references and (where we have done some work) 
this is augmented with data from chemical or XRD studies. 
We hope that we’ve found most of the significant previous 
papers and therefore summarise the known data here, but 
we can’t guarantee completeness since we have not yet 
undertaken a full study. If you know of any papers etc that 
we have missed, please let us know and we will add them 
to the list.

ThE mATERIAl uSEd fOR ThIS STudy
The specimens that we have examined during this 

study come from a number of sources. The most diverse 
and numerous single source of material is the collection of 
the Natural History Museum in London, where specimens 
from a wide variety of Mendip localities are conserved. 
The NHM collections include material collected whilst 
many of the Mendip mines were still in their final stage of 
operation, as well as large amounts of material collected in 
later years by many people, including such luminaries as 

figure 1. A map showing the location of known manganese deposits, highlighted in red. These cluster in a broad arc along the southern and 
western edges of the Mendip Plateau, tracing the Jurassic paleo-shoreline.
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•	 Holwell Quarry – field trips from ~1990 to 2009.

•	 Durnford Quarry in 2008-2009 – rhodochrosite and 
other minerals collected by Alastair Napier, Chris Field, 
and others.

•	 Merehead Quarry in April 2002 (AGM), July 2005, and 
June 2006. A number of other manganese pods were 
excavated by one of the authors (RT) during the 2005-
2007 timeframe, and this material too has been included.

•	 Stancombe Lane Quarry – material collected in 1980-
1990 by Chris Alabaster and others.

•	 Wesley Mine – material collected by Chris Alabaster in 1989.

A NOTE ON lOCAlITIES
More than the usual amount of confusion exists around 

the topic of locality names in the Mendips. Locality 
information for Mendip specimens is decidedly inaccurate 
in a lot of the cases that we have seen during this study – 
far more so than one would normally expect – and there is 
no reason to suppose that the situation is any better with 
respect to the large number of extant specimens in private 
hands.

It is worth remembering that the word ‘Mendips’ itself 
is a corruption of the original “Myne-deepes”, reminding us 
that mining activities have been taking place in this area for 
a very long time – since Neolithic times, if not earlier. With 
few exceptions, essentially all of the workings are long since 
filled in, lost, or built over and so are no longer accessible 
for investigation. Our findings on Mendip Mining History 
are summarised in a paper that will be published separately. 

The locality confusion itself arises from a number of 
causes. Firstly, many older specimens have been assigned 
either to a generic place name (e.g. “Priddy”) or in some 
cases, incorrectly to a locality that was well-known at the 
time (e.g. Higher Pitts Mine).  In more recent years, a large 
number of specimens have been ascribed to Merehead 
Quarry, even when they have obviously never been within 
miles of the Mendip Hills – a crystal of purple apatite on 
granitic matrix (looking suspiciously like a specimen from 
Pulcifer Quarry, Maine) being perhaps the most extreme 
instance that we have seen. 

Making things worse, Mendip place names are far from 
unique. As an example, there are at least three places called 
“Rowberrow” – two farms and a village – and unfortunately 
for researchers, manganese deposits occur near all three, 
making it more or less impossible to now determine which 
location was meant on a specimen label. This particular 
theme is one that repeats throughout the region. 

Complicating the matter still further is the fragmentary 
nature of Mendip mining records; those few that have 
survived are both incomplete and frequently inaccurate 
– given that taxes were levied on the output of lead, it is 
perhaps unsurprising that during mining operations the 
records were often obfuscated or ‘lost’. On top of this, 
most of the ‘mines’ were small scale affairs with superficial 
workings that lasted for a very short time, and those that 
were larger went through frequent changes of name and 

ownership during their lifetime, as well as enduring 
boundary changes over the years.

Consequently, in many cases it is now impossible to 
ascertain the true origin of a specimen, although EDX 
analysis of the manganese oxide matrix – where such a 
matrix exists – may help to locate the piece. Our research 
suggests that heavy metal trace element signatures may be 
sufficiently diagnostic in some cases to identify the source 
of the specimen. We have results that bear this out, but our 
limited number of analyses is insufficient to prove this 
hypothesis beyond doubt. It seems a plausible idea, though, 
given that individual deposits have their own unique micro-
chemical environments.

This confusion around localities is another contributing 
factor to the delay in producing our book – the problems 
attributing locations make it much harder to sort out 
paragenetic sequences or to determine local variations from 
the norm.

fORmATION Of ThE mANGANESE 
dEPOSITS

Manganese pod bearing veins started life as galena-in-
calcite veins identical to those found elsewhere throughout 
the Mendip region. These deposits are of the Mississippi 
Valley type and are broadly comparable to other UK 
limestone-hosted Pb deposits – those of Derbyshire and the 
Northern Pennines for example. The dominant ore mineral 
is galena, with minor amounts of sphalerite and copper 
sulphides (mostly chalcopyrite).

The original galena deposits were emplaced in the 
Carboniferous limestone basement at the end of the Permian 
era, around 230 Ma ago (Moorbath, 1962). Regional uplift 
during the Triassic led to erosion of the Permo-Trias layers, 
and generally speaking, rocks of this age are now more or 
less absent in the Mendips. Where there are occurrences 
of Triassic rocks, they are predominantly conglomerates, 
which tend to infill erosion features such as wash gullies 
in the paleo-land surface and thus represent secondary 
redeposition rather than primary rock formations. The 
erosion also exposed the Carboniferous limestone, and its 
enclosed lead veins, at surface. 

The land surface then subsided and a marine transgression 
followed, leading to the formation of a warm, shallow sea 
in the Jurassic era. The fossiliferous reef limestones of the 
Inferior Oolite series formed at this time and contain many 
coral fossils, a good indicator of the conditions prevailing 
in the paleo-environment. The Oolite has been deposited 
directly on top of the Triassic erosion surface, which now 
appears as the marked disconformity visible throughout 
much of the region, the disconformity representing a gap in 
the strata of some 130 Ma. 

During the period of submergence, seawater penetrated 
into any galena bearing veins exposed on the seabed. Surface 
alteration of the galena by seawater created local areas 
of very high pH. This triggered deposition of manganate 
minerals (such as birnessite and todorokite) in the same 
process as the one that forms seabed manganese nodules 
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today. Once started, this deposition process is autocatalytic 
and would therefore have continued until either all available 
space was used up, or until the supply of seawater was cut 
off. At the end of this phase the veins contained lumps of 
galena enclosed in layered manganate minerals. 

The shoreline of this Jurassic sea followed the southern 
and western edges of what is now the Mendip (high) Plateau 
– starting near Frome in the east, running westwards roughly 
parallel to the A361, and then swinging north to the west of 
Bristol. An instructive exercise is to plot the geographical 
location of known manganese deposits; these can be seen to 
form an arc parallel to the Jurassic paleo-shoreline (Figure 
1: manganese localities are marked in red). The Mendip 
plateau formed dry land to the north east, with areas to the 
south and west under the ocean.

Manganate compounds are well known to adsorb 
heavy metals, and this is the primary reason for interest in 
mining contemporary seabed manganese nodules (see e.g. 
Post, 1999). In the case of the Mendips, during deposition 
they adsorbed metals from both the seawater and the local 
environment – rocks and sediments, for example. Variations 
in local chemistry led to differences in the local heavy 
metal content of the manganates, and this has subsequently 
given rise to the differing chemistry of individual Mn pods 
and deposits, creating highly localised ‘chemical micro-
environments’. These local variations also give rise to the 
(probably diagnostic) heavy metal trace element signatures 
mentioned earlier. 

Manganate adsorption is the source of most of the 
heavy metals now found in minerals such as fornacite 
(Cr) as well as elements such as Al (e.g. dundasite) and Ti 
(e.g. macedonite) which probably came from sediments. 
However, not all metals came from this source: Pb, Cu, 
and Zn undoubtedly result from the in-situ alteration of 
the original ore minerals. Since Mendip galena is well-
known to be rich in As this is the most likely explanation 
for the predominance of arsenate minerals in the manganese 
pods, and also partly explains the complete absence of 
phosphate minerals, despite the presence of colloidal 
apatite (collophane) in some of the limestones. Mo is also 
relatively common and therefore most likely originated 
in the primary ore minerals, probably the galena. The 
dominant Mo mineral now found is wulfenite, which is the 
most thermodynamically stable phase when Pb- and Mo-
containing ions are present together in an aqueous solution.

The last stage of the manganese pod formation process 
occurred when one or more hydrothermal events emplaced 
quartz veins throughout the Mendips. The quartz-bearing 
veins that resulted are generally separate from, but 
almost parallel to, those bearing galena. The resulting 
high temperatures caused decomposition of the galena – 
releasing Pb2+ ions – and decomposition of the manganate 
minerals.  Heating converted them to the manganese oxides 
that we see today, and released their entrained heavy metals 
to participate in mineral-forming reactions, ultimately 
resulting in the production of minerals such as kombatite, 
parkinsonite, mimetite and fornacite as the deposits cooled. 
Local variation in starting conditions means that each 

vein or pod had its own unique chemistry and therefore 
potentially contains a unique suite of minerals. We have seen 
significant variation in mineral content between cavities as 
close as a few centimetres apart. The impervious Mn-oxide 
matrix and calcite rims completely and efficiently isolated 
individual pods and cavities, making them into independent 
closed systems. 

Evidence from exposures such as the one in Wurt Pit 
strongly suggests that there were multiple ‘pulses’ of 
hydrothermal activity. A number of indicators – such as 
the presence of kentrolite – show that temperatures were in 
excess of 500 °C. This is much higher than the temperatures 
traditionally ascribed to the Mendip deposits, which have 
often been thought to be epigenetic. The high temperatures 
led to local silicification of the limestone wall-rocks; 
however, the hydrothermal pulses involved cannot have 
been of long duration since the silicified layer is never more 
than two or three inches deep, and there are no occurrences 
of larger scale thermal metamorphism that we are aware of.

The last stage of emplacement occurred when 
these hydrothermal pulses initiated a very late phase of 
hydrothermal mineralisation. In the extreme north-west of 
the region, around Bristol, a second phase of primary ore 
mineralisation occurred when small Pb-Zn-Cu veins and 
stringers were emplaced. These cut the manganese deposits 
(e.g. at Coombe Farm and the Wesley Mine) and clearly 
post-date them.  Across the central part of the Mendips, 
secondary Pb and Zn ores (pyromorphite and smithsonite 
respectively) were emplaced in quantity, forming economic 
deposits along a line stretching from Churchill in the north-
west to Green Ore and Chewton Mendip in the south-east.  
Finally, at the very south-eastern end of the Mendips, quartz 
carrying copper sulphides was emplaced as small dyke-like 
features in the andesitic lavas of Moons Hill Quarry.

This process was originally detailed in Turner (2006), 
but since the publication of that paper significant facts have 
come to light which modify the interpretation given there. 
We have now discovered quartz veins that penetrate the 
(Jurassic) limestones of the Inferior Oolite at both Merehead 
and Holwell Quarries. This means that the hydrothermal 
event must have occurred in the early Jurassic period, 
somewhat later than the date postulated in that paper. This 
later date not only fits into a sensible regional pattern but 
also removes the major outstanding question about the 
formation of the Mn-hosted deposits – the source of the 
Mendip Hills hydrothermal event. A later event would be 
broadly contemporaneous with the emplacement of the 
South Wales and Bristol orefields. Once this later date was 
established, we also realised that the same hydrothermal 
event must have been associated with emplacement of the 
secondary Pb-Zn ores in the central Mendips and with the 
emplacement of copper mineralisation at Moons Hill. This 
later date resolves all the outstanding questions and all of 
the Mendip mineralisation events can then be placed into a 
single consistent regional context.

The Triassic dolomitic conglomerates undoubtedly 
played a significant role in the deposition of the secondary 
ores of Pb and Zn. These orebodies are almost exclusively 
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confined to the conglomerates, or around their boundaries 
with other rocks. It is probable that they acted both as a 
solution focus and as a contributor to the chemical balance 
of metals in these deposits, as well as providing a channel 
for fluid travel. A similar observation can probably be made 
for the deposits of (iron) ochre, which also seem to be 
associated with the conglomerates.

At least two regional geochemical trends are evident. 
One is the presence of zinc, which is abundant toward the 
west of the Mendips, and absent in the east. The other is the 
presence of Sb, which becomes more abundant toward the 
northern part of the region. The only Sb mineral present in 
any amount is bindheimite, which appears in the usual way 
as a powdery yellow coating in cavities in galena.

CONSTRAINTS ON MANGANESE DEPOSIT 
LOCATION

As already mentioned, if the positions of known 
manganese deposits are plotted on a map they all lie within 
a broad arc following the paleo-shoreline on its seaward 
side (Figure 1). All these occurrences share a common 
characteristic: they are places where the Carboniferous 
limestone was submerged under the Jurassic sea, close to 
the shoreline. 

Field observations at several quarries (including 
Durnford, Gurney Slade, Holwell, Stancombe Lane, 
and Merehead) provide another piece of information – 
the manganese deposits all lie within the ‘slice’ of rock 
immediately below the disconformity that represents the 
Triassic land surface (and Jurassic seabed). The thickness of 
this manganese-bearing slice must have been governed by 
the depth to which seawater could penetrate. Field evidence 
suggests that it is no more than perhaps 30 m deep at most, 
and in many places it seems to be much thinner than this. 

This attests to the importance of seawater in the 
formation of the deposits, and suggests geographical limits 
to the manganese occurrences – they will only be found 
in Carboniferous limestone close to the paleo-shoreline, 
and immediately below the disconformity that represents 
the paleo-seabed. This is a very restricted geographical 
distribution.

At present, there is no indication of manganese deposits 
occurring where the Jurassic sea was deeper; the reason for 
this is not known. This may simply be due to the absence 
of information, as there are no quarries working such areas.

OvERvIEw Of mINERAl SuITES ANd ThEIR 
RElATIONShIPS TO OThER dEPOSITS

The complicated geological history has created several 
‘suites’ of minerals:

ORE MINERALISATION
1. The original primary ore bearing suite – Pb, Cu and 

Zn sulphides and related gangue minerals, with their 
alteration products, such as malachite. These occur 
throughout the Mendip Hills and are very similar to 
other limestone hosted Pb deposits, such as those in 

Devon and Derbyshire. These ores are hosted in the 
Carboniferous limestone.

2. A suite of secondary ore minerals including “green ore 
of lead” – pyromorphite – and “foliated white ore of 
lead” – generally taken to be mendipite, but perhaps 
(also?) ‘hydrocerussite’. These ores were extensively 
worked in ancient times, probably because they were 
easy to smelt. As a consequence, very few specimens 
survive, and there is also little information on either the 
mines or deposits. The zinc ore present in this suite is 
smithsonite. 

THE MANGANESE DEPOSITS
3. A primary hydrothermal silicate mineral suite – quartz 

and primary silicates such as apophyllite, datolite, and 
nasonite. This suite is present throughout the Mendips 
but occurrences are small and dispersed. This suite is 
dominated by quartz – all the other silicates are very 
rare.

4. A suite of manganese and iron oxide minerals forming 
the ‘matrix’ of the manganese deposits. “Ochre” was of 
considerable economic importance in the Mendips until 
the early 18th Century.

5. A suite of manganese-oxide hosted secondary Pb and 
Cu minerals, this being the one for which the manganese 
deposits are most famous. This suite of minerals shows 
considerable similarities to the ‘anomalous suite’ of 
minerals from the Mammoth-St. Anthony Mine in 
Tiger, Arizona. More recently, we have also found 
striking parallels with the deposit at the Kombat Mine 
in Namibia.

6. A suite of minerals formed by hydrothermal alteration 
of the manganese pods. This suite is the rarest of all 
since it requires the presence of both manganese pods 
and hydrothermal quartz veins. Where a quartz vein 
intersects a manganese deposit, complex Pb-metal 
silicate minerals such as melanotekite and kentrolite 
are formed. This suite is similar to the set of alteration 
minerals found at the Långban Mine in Sweden.

7. A suite of minerals formed when the limestone host 
rocks are silicified by the hydrothermal veins. This 
suite has not really been studied at all yet, but contains 
quartz and what are likely Ca-silicate minerals such as 
wollastonite.

Many – if not most – manganese pods contain only 
minerals from suite 5, but in other cases suites 3 - 7 co-occur 
with considerable variation in their relative abundance. This 
variability has led to much of the confusion that exists in the 
collecting and mineralogical literature as to which minerals 
are – or are not – present in the deposits.

VOLCANIC MINERALISATION
8. A suite of minerals associated with the Silurian volcanics. 

These have no direct relationship to the manganese 
deposits (see Turner, 2006) but simply happen to occur in 
the same area. The Mendip basement is largely Silurian 

7



Journal of the Russell Society (2010)

in age and these rocks (andesitic lavas) are exposed at 
the Moons Hill Quarry in Stoke St. Michael. We include 
a brief description of this suite here for completeness.

OTHER MINERAL SUITES
9. Additionally, a variety of slag minerals occur in the 

various smelter slags. We have not studied these at all 
yet, but the information that we do have is included in 
Table 1.  We also know that our information in respect 
of the slag minerals is very incomplete, and therefore the 
information in this paper is not an accurate picture of the 
complete situation.

10. Coal measures are exposed in the general area of the 
Mendips around Radstock and Writhlington, amongst 
other places. The minerals found in these workings 
bear no relationship to the manganese deposits and also 
remain unstudied.

Suites 1–8 are discussed below, along with the mineral 
‘crednerite’, which does not fit easily into any of these 
groupings, but occurs most commonly with suite 5.

ORE mINERAlS

SUITE 1: PRIMARY ORE MINERALS
Primary lead ore deposits are widespread around the 

edges of the Mendip Hills, and do not contain any surprises, 
being very similar to other such deposits in Carboniferous 
limestones. The veins contain baryte, calcite, dolomite, and 
galena with minor fluorite and pyrite, with trace amounts of 
copper sulphides dominated by chalcopyrite. 

On the central (high) plateau of the Mendips there are 
very few vein deposits, and many if not most of the lead 
mines there seem to have worked alluvial deposits (“boulder 
lead”). Presumably the galena originated from erosion 
out of primary Pb veins when regional uplift exposed the 
Carboniferous limestones. Being dense, eroded galena 
accumulated in natural fissures in the limestone, as well 
as in sinkholes (known locally as “swallets”) and caves. A 
large number of ‘mine’ workings therefore centre on natural 
cavities in the limestone. 

SUITE 2: SECONDARY ORES
A belt of pyromorphite / smithsonite mineralisation 

runs through the centre of the Mendip region, along a line 
from Churchill in the north-west to Chewton Mendip and 
Green Ore in the south-east. Around the village of Churchill 
in particular, extensive old workings along the ridge of 
Sandford Hill extracted ‘foliated white ore of lead’ and 
‘green ore of lead’. 

The first of these would appear to be mendipite – for 
which “Churchill” is the type locality – although it seems 
increasingly probable that some (or all?) of it may have 
been ‘hydrocerussite’. Mendipite cannot form outside 
of manganese pods due to absence of the necessary 
environmental conditions. The presence of pyromorphite 
however clearly shows that Mn2+ cannot have been present, 
as these ions destabilise pyromorphite and prevent its 

formation (Aide and Huff, 2007). So few specimens from 
Churchill have been preserved that it is now probably 
impossible to be absolutely certain one way or the other. 
The only specimens that we are aware of are the very small 
number in the Woodward collection in Cambridge, and 
unfortunately these are inaccessible and thus unavailable 
for study. We have looked at the Pennant, Ludlam, Forster, 
Levy, and Heuland collections (at the NHM) but they 
contain no Churchill specimens that have unquestionable 
provenance.

 “Green ore of lead” is pyromorphite. There is no doubt 
that the identification of the mineral is correct – specimens 
exist in the NHM collection, and there are many references 
(such as e.g. Kingsbury, 1934) – but although apparently 
widespread at one time, specimens are now rare and it is 
difficult to get a full picture of the mineralogy or deposit 
characteristics. Contemporaneous reports indicate that the 
ore consisted of cavernous masses of green pyromorphite, 
with the cavities containing ‘mud’ and ‘ochre’. The 
specimens at the NHM bear this out with the matrix of 
specimen (BM 1935,979) consisting of a cavernous mass 
of sandstone and green pyromorphite showing hints of 
stubby lime-green hexagonal prisms. Other examples exist 
of well crystalline tapered pyromorphite barrels to 1 mm 
in fractures in sandstone (e.g. BM 1937,1397). When we 
examined the terracotta brown ‘mud’ infill in the cavities 
of a pyromorphite specimen from Charterhouse we got a 
surprise however – rather than being a clay mineral, it is in 
fact composed of plumbogummite, a mineral which has not 
previously been reported from the Mendips. 

On the perimeter of the Mendip plateau, particularly 
around the villages of Rowberrow (one of them!), Shipham, 
and Sandford large deposits of smithsonite were present, and 
these were mined extensively in the 18th Century. The ore 
consisted of cavernous masses of smithsonite, the cavities 
being filled with ‘limonite’ and other Fe oxides. Greg and 
Lettsom record pseudomorphs of smithsonite after calcite 
but we have not seen any of these. In the same outlying areas 
substantial deposits of ochre are found, and these too have 
been extensively mined. Smaller deposits of smithsonite 
existed around Chewton Mendip and Harptree, and these 
were worked in the 18th and 19th centuries. The smithsonite 
was referred to as calamine in many older documents, and 
this has led to the erroneous statement that hemimorphite is 
present in the Mendips – the term applying to both minerals.

In the west of the region, very late stage Pb-Zn (and 
occasionally, Pb-Zn-Cu) deposition emplaced further galena, 
sphalerite, and minor chalcopyrite. Supergene alteration 
of these has produced smithsonite and malachite. The ore 
chemistry seems to be different in these later deposits and 
small amounts of minerals such as bindheimite and cinnabar 
are sometimes found associated with them. The occurrence 
of Hg at Moons Hill Quarry (Turner, 2006) is most likely 
also associated with this late secondary mineralisation. It 
is worth noting here that the older – primary – ore deposits 
contain neither Sb nor Hg and therefore these elements are 
not present in the manganese pods.

Greenockite has been recorded associated with 
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galena from Green Ore (Kingsbury, 1939). The specimen 
probably comes from ‘Miners Lot’ and consists of a yellow 
powdery crust on banded sphalerite. No galena is present. 
More recently greenockite has been recorded from both 
Stancombe Lane Quarry and Whatley Quarry. The latter 
material is interesting as it also contains trace amounts of 
otavite (Oxford University Museum specimen 26947).

discussion – Origin of the Secondary Ores
It is not yet completely clear how these extensive 

deposits of secondary ore minerals relate to the primary ore 
mineralisation. The lack of specimens and records make 
it very difficult to investigate this topic and it is possible 
that a definitive answer may continue to elude us. Our 
view is that they represent discrete and separate phases of 
mineralisation, with the secondary ores being much younger 
than the primary galena veins. There is considerable 
evidence to suggest that this is so. Galena veins are hosted 
in Carboniferous limestone, whereas the smithsonite and 
pyromorphite occur in the Triassic conglomerate beds that 
overlay the Carboniferous limestones. This means that the 
secondary ores must have been emplaced later than the 
Triassic period, and must therefore be significantly younger 
than the galena deposits.

There is additional evidence to support the hypothesis. 
Firstly, the two types of ore always seem to occur separately 
as no ‘galena + pyromorphite’ masses have been seen so far. 
One pyromorphite specimen at the NHM contains a relict 
piece of galena embedded in mud in one of the cavities, 
clearly transported in from elsewhere suggesting that the 
galena was detrital and washed into the pyromorphite mass. 
This means that the galena veins had already been around 
for long enough that the ore was eroding out. In general, 
detrital galena is not unusual in the Mendips: several of the 
‘mines’ on the Mendip high plateau apparently consisting of 
natural caves and karst fissures into which galena pebbles 
had been washed, accumulating because of their density. 

Most papers on the topic (see e.g. Alabaster, 1990b) 
suggest that galena veins underwent ‘deep supergene 
oxidation’ to create the secondary ores, but we are not 
convinced that there is a single, simple explanation such 
as this. Secondary ore deposits are found throughout the 
Mendips, and they often lie alongside older, but unoxidised, 
galena deposits in the Carboniferous limestone. One 
would expect that any form of supergene oxidation should 
have affected the galena veins as well, especially as they 
are fractured and porous, and yet this has not occurred. 
Consequently, whatever mechanism formed the secondary 
ores was highly localised, and therefore unlikely to have 
been a regional supergene oxidation process.

It therefore seems most probable that emplacement of the 
secondary ores was associated with the hydrothermal event. 
This occurred in the right time period, and a number of the 
deposits show intense silicification of the host rocks (see e.g. 
Alabaster, 1990b again). One of the NHM specimens (BM 
1935,979 from the “Priddy District”) shows small quartz 
crystals associated with the pyromorphite. Furthermore, 
we know from evidence in the west of the region that late 

stage Pb-Zn (-Cu) mineralisation was connected with the 
hydrothermal event, and evidence from Merehead Quarry 
and Moons Hill shows that it extended across the necessary 
geographical area. Positing a hydrothermal origin for the 
secondary ores is therefore sensible, and has one further 
significant advantage: there is no need to propose a separate 
(and currently unknown / unrecognised) source event for 
these ores.

discussion – the Secondary Ores and the 
manganese deposits

With respect to the manganese deposits, there is clear 
evidence to show that they are completely unrelated to the 
secondary ore deposits. 

The manganese-hosted deposits are dominated by 
arsenate minerals with phosphate absent, but in the 
secondary ores it is the other way around – only phosphate 
minerals have been found. The secondary ore deposition 
sequence pyromorphite à plumbogummite observed on 
the Charterhouse specimen implies a change from acidic 
to alkaline conditions (Tzvetanova, 2003) – precisely the 
opposite to that seen in the manganese deposits. 

Thirdly, work related to the study of polluted soils (Aide 
and Huff, 2007) shows that the presence of Mn2+ inhibits 
formation of pyromorphite and consequently there can have 
been no Mn present when the secondary ores were formed. 
On the other hand, the manganese-hosted Pb deposits do 
not contain any pyromorphite and all ‘hexagonal prisms’ 
that we have tested have been near end-member (arsenate) 
mimetite, irrespective of colour (including green and 
yellow-green) or crystal shape. 

There are occasional old reports of pyromorphite 
occurring with ‘wad’ – see Kingsbury (1934) for one such – 
but we have not been able to locate a specimen to test. There 
are two possible explanations for this juxtaposition. Firstly, 
the material might in fact be mimetite. There is no evidence 
that Kingsbury analysed the material that he found, and 
he describes it as ‘yellow-green’, which is a colour that 
we have found to be associated with the mimetite, whilst 
the pyromorphite that we have seen from the secondary 
ores is a definite lime-green colour. Secondly, the mineral 
might really be pyromorphite, having been emplaced into a 
manganese pod when this was affected by the hydrothermal 
event. The presence of quartz on BM 1935,979 makes this 
too a possibility. Until a specimen or two is located, it is not 
possible to reach any definite conclusions.

East harptree – an unusual deposit
The deposits at East Harptree Mine are somewhat 

anomalous, in that they contain an array of aluminium-
bearing minerals that do not seem to occur elsewhere in 
the Mendips. Chris Alabaster suggests in his paper on the 
topic (Alabaster, 1990b) that the minerals are of periglacial 
origin. Clearly, some type of later and localised event has 
taken place, and the suite of minerals present suggest a near-
surface, low temperature supergene oxidation. 

The minerals that occur are allophone, dundasite, 
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gibbsite, halloysite, hydrotalcite, kaolinite, and scarbroite, 
and all occur as minute crystals and powdery aggregates 
enclosed in small cavities in the host rock. This mode of 
occurrence is very similar to that of slag minerals (from 
e.g. Lavrion) which supports the idea of a low temperature, 
water-mediated formation process. Clearly, the water had 
to have been acidic enough to be able to leach Al and Si 
from the host rocks – which are Triassic conglomerates 
locally silicified into chert – and this probably was due to 
the dissolution of pyrite, which can be locally common in 
the secondary ore veins.

Alabaster’s paper also describes this suite of minerals 
as occurring at Hampstead Farm Quarry, which lies to the 
north of the Mendip plateau. Here, they occur with unaltered 
primary Pb-Zn-Fe sulphide mineralisation. This clearly 
indicates that the formation of the suite of Al minerals is not 
directly connected with the emplacement of the secondary 
ore suite.

mINERAl RElATIONShIPS IN ThE 
mANGANESE dEPOSITS

Figure 2 (see fold out) shows our ‘relationship map’ for 
the minerals in suites 1-7, as these can all occur together. 
The relationship map contains a considerable amount of 
information, and is colour coded to help understand the 
material. Each mineral or phase is shown in its own box, 
and these are colour coded as follows:

•	 Blue – minerals previously known from the manganese 
deposits, where no new information has been found 
during this study.

•	 Green – previously known mineral species which have 
been found to occur for the first time in the Mendips – 
and in some cases in the UK – during the time that this 
study has been running. A number of these were reported 
by other authors, and where this is the case appropriate 
references are given in the text.

•	 Orange – known mineral species that we have either 
redescribed during this study, or where significant new 
information has been found.

•	 Red – these are probably / definitely new mineral 
species found during this study. Some are being formally 
described, others are in process, and some cannot be 
described (yet?) due to lack of material.

•	 Yellow – materials that need further investigation. 
Some (e.g. ‘crednerite’) are known species that need re-
investigation in the light of new data that we have found 
during this study. The remainder are things that we have 
not yet characterised – they appear to be distinct and 
homogenous, but we do not yet know what they are 
– it is possible that some are mixtures or just unusual 
occurrences of other minerals.

•	 White – minerals that we have not found in this 
study but which could occur under the chemical and 
environmental conditions in the Mendips. With one 
exception, these are therefore ‘placeholders’ in the map. 
The exception is blixite, which is discussed below.

•	 Solid lines joining minerals indicates a proven 
relationship – minerals that co-occur, or which form 
series between end members.

•	 Dashed lines denote an ‘occurs with’ relationship; one 
example being the link between chloroxiphite and 
mendipite (the former only ever being found entirely 
enclosed by mendipite).

•	 Fine dotted lines are used where we believe there to be 
a relationship, but have not yet fully investigated it, or 
where the details are not yet resolved. The various phases 
associated with ‘crednerite’ are an example of this.

Grey boxes are used to indicate related groups of 
minerals. The remainder of this paper discusses each of 
these groups in turn.

hydROThERmAl mINERAlS

SUITE 3: PRIMARY HYDROTHERMAL 
MINERALS

A suite of primary hydrothermal minerals is associated 
with emplacement of the quartz veins. The minerals in this 
group include apophyllite, datolite, nasonite, and quartz. 
In addition, we now suspect that the economic deposits 
of pyromorphite and smithsonite secondary ores are 
hydrothermal in origin too (q.v.).

Ardennite, nasonite and kentrolite were originally 
written up by Bob Symes at the time they were first 
identified (Symes, 1986) but the paper was never published. 
Partial information from this unpublished draft somehow 
got into general circulation, and this – together with the 
original but incorrect identification of ganomalite rather 
than nasonite – has been the source of much confusion ever 
since. Hopefully, this situation can now be put right once 
and for all. Nasonite genuinely occurs at Merehead Quarry; 
ganomalite does not. We have reported this before (Turner 
and Rumsey, 2007) but we are still getting questions about 
this topic, so repeat the information here. We have also 
just uncovered data which suggests that the occurrence of 
ardennite is also incorrect – see below – and now regard this 
species as ‘not occurring’ in the Mendips.

Apophyllite and datolite (Bm 1985,650 and 648)
Apophyllite and datolite are recorded (Symes and 

Embrey, 1977) as having occurred at Merehead Quarry in 
association with baryte, “overlying some of the goethite 
veins in juxtaposition to the manganese”.  A small number 
of large specimens at the NHM show this assemblage, 
with all three minerals occurring together inside cm-sized 
cavities in botryoidal goethite. 

Datolite occurs as thin greenish-white crusts on radiating 
aggregates of baryte, apophyllite and calcite. On these 
crusts there can sometimes be found well formed individual 
crystals of apophyllite, baryte or calcite up to 10 mm across. 

Within the pinkish-white radiating masses of the 
intergrown phases are occasional remnants of an earlier 
crystalline infilling of the cavity. This seems to have been 
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terminated by a final layer of dark grey translucent baryte. 
This gives the appearance of small, dark veinlets within the 
mass and it is within these that nasonite has recently been 
observed.

As far as we know, this represents the only known 
occurrence of these minerals in the Mendips, but given 
that they are associated with the hydrothermal event, it is 
possible – or even likely – that they are more widespread.

Ardennite
Two specimens of ardennite in the NHM collection (BM 

1987,475 and 476) are labelled as coming from Merehead 
Quarry. The specimens contain large (~20 mm) aggregates 
of lemon to honey-yellow crystals in ordinary white vein 
quartz (Figure 3).  The specimens are unique for the area and 
nothing similar has been found either at Merehead Quarry 
or in the Mendips in general. Visually, the material is very 
similar to ardennite from the classic (and type) locality at 
Salm-Château in Belgium but is arsenic-rich and vanadium 
deficient – an observation that is in keeping with the general 
observation that in the Mendips, arsenic is abundant and 
vanadium very rare.

The Merehead Quarry origin was accepted at the time 
on the basis of two facts – firstly, that the specimens were 
collected in 1977 by Reg Parkinson and his son Chris from 
loose blocks of vein quartz standing on the quarry floor in the 
vicinity of the No. 1 and No. 2 veins, and secondly, because 
the chemistry was significantly different from ardennite 
from the type locality at Salm-Chateau (Symes, 1986). At 
the time, there was considerable debate within the NHM as 
to the validity of this occurrence since the specimens occur 
on white vein quartz, which was (and is) rare at Merehead 
Quarry. This debate culminated in Bob Symes visiting the 
Musée Royale in Brussels to compare the specimens with 
their collection of Salm-Chateau material. No directly 
comparable specimens were found there, so the Merehead 
Quarry occurrence seemed to be valid.

Some time ago (2006) we re-analysed the Merehead 
Quarry material, confirming the identity by XRD – which 
verified that it was indeed ardennite – and also checked the 
chemistry, which we found to match the As-rich, V-poor 
analysis reported in Bob Symes’ 1986 unpublished paper. 

Because of the correct species identification and chemistry 
we reported that this was a genuine occurrence (Turner and 
Rumsey, 2007).

Until very recently, our work has been largely focussed 
on the Pb secondary minerals and so it was not until August 
2010 that we were able to examine the two ardennite 
specimens in detail. As a result of this more detailed 
examination, we now believe that it is very doubtful 
that these specimens originated at Merehead Quarry. 
Unfortunately, it appears far more likely that they are in fact 
from Salm-Chateau, as we have been able to cast doubt on 
both facts used to support the Merehead Quarry occurrence.

Firstly, the chemistry of the specimens; when Bob Symes 
analysed the specimens in 1985 he compared them with 
representative specimens from Salm-Chateau in the NHM 
collections (BM 1917,466). He found that compared to the 
Merehead Quarry specimens, which are arsenic rich and 
vanadium deficient, thus having As>V, the specimen from 
Salm-Chateau was vanadium rich and arsenic deficient, 
having V>As. At the time, quite reasonably, this was taken 
to be a diagnostic fact, and was used as evidence to suggest 
that the material was from a different locality. However, 
ardennite with V>As has been determined as a new mineral 
(ardennite-V, approved in 2005) and thus there are now 
two distinct species, ardennite-As, and ardennite-V. The 
analysis undertaken by Bob indicates that the Salm-Chateau 
material he studied would be now called ardennite-V and 
so is a different species altogether from the ardennite-As 
which was apparently discovered in the Mendips.

In order to test the Merehead Quarry material against 
ardennite-As and determine exactly which ardennite species 
were present within the collections at the NHM, we studied 
a number of specimens from different localities, including 
Salm-Chateau, Ceres, and Gambatesa. We found a wide 
range of As:V ratios, which could also change significantly 
between specimens from a single locality. Most importantly 
we were able to determine that at Salm-Chateau there are 
textures that might represent two generations of ardennite 
growth, and on a single specimen it is possible to obtain two 
analyses that give both a distinct, near end-member result 
of ardennite-As as well as ardennite-V. Analyses on Salm-
Chateau material that gave results for ardennite-As were 
often almost identical to those from Merehead Quarry. 

Based on this new information, the difference in 
chemistry cannot be used to justify occurrence at Merehead 
Quarry, and in fact, probably implies the opposite since 
the match with some of the Salm-Chateau material is 
sufficiently close to make it unlikely to be a coincidence.

We therefore next looked at the provenance of the 
specimens and found that this too unfortunately cannot be 
proven.  The specimens were donated to the NHM by Chris 
Parkinson, the son of Reg Parkinson. From the accession 
date in the NHM catalogue (1987) this happened ten years 
after the stated date of collection. Chris Parkinson was 
unable at the time to provide any detailed information 
about their collection or about the location of the find 
within the quarry (Bob Symes, personal communication), 
which is not unreasonable given the time lag but which 

figure 3. The two ardennite specimens at the NHM that are 
supposed to originate from Merehead Quarry. Although still not 
definitely proven one way or the other, our research now suggests 
that it is most likely that they are in fact from the type locality 
at Salm-Chateau in Belgium. Photograph courtesy of the Natural 
History Museum.
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does introduce an element of doubt. Presumably, during 
the years between collection and donation the specimens 
were in Reg Parkinson’s shed along with all the rest of his 
material. Those of us who are old enough to have visited 
Reg will recall how wonderfully disorganised that was, with 
piles of loose material all over. Reg was both a collector and 
a mineral dealer so had material from many places in his 
shed, and it is quite conceivable that ardennite from Salm-
Chateau inadvertently became mixed up with Merehead 
Quarry material at some point, although this cannot be 
proven. We have asked a number of people if they have any 
recollection of ardennite in Reg Parkinson’s collection or 
shed, but so far have only had negative replies. We have 
also tried to trace Chris Parkinson to see if any additional 
information might be available, but to date we have been 
unsuccessful.

Given that (1) the chemistry is no longer either unique or 
even diagnostic, (2) that we cannot verify the provenance, 
and (3) that there is no material from the Mendips that is at 
all similar in any way to these specimens, we believe that 
we now have to regard the occurrence of ardennite in the 
Mendips as ‘unproven’ unless and until a new occurrence is 
found in situ, or more sophisticated tests can show that there 
is something to unambiguously distinguish the specimens 
from Salm-Chateau material. We plan to do additional work 
on the samples to try and definitely resolve this question one 
way or the other, and will report any results in due course.

Nasonite
The original specimens of nasonite studied in the 1970s 

were returned to their owner at the time and are not available 
for study (Bob Symes, personal communication). It was 
recorded at the time that on these large goethite specimens, 
nasonite occurred as bright royal blue crystalline patches up 
to 3 mm across on the interface between botryoidal goethite 
and the other silicates infilling cavities. ‘Folklore’ identifies 
this mineral as ganomalite and this incorrect identification 
has even crept into the literature, but we would like to state 
here that the blue lead silicate from Merehead Quarry is 
beyond any shadow of a doubt truly nasonite. 

Recently a large specimen (BM 1985,650) already held 

at the museum, and clearly from the same suite was studied 
and a small grain of nasonite was confirmed upon this 
piece. Interestingly, on this “new” piece nasonite occurs as 
small (<1 mm) pale blue to royal blue grains and patches in 
massive, opaque whitish-grey veins containing quartz and 
baryte, rather than the goethite of the earlier material (Figure 
4). Since then, two other specimens have been located in the 
NHM collections (BM 2010,88 and BM 2006,89)

Quartz
Quartz generally occurs in the form of massive, opaque 

clear to white vein quartz, but occasionally occurs as 
euhedral crystals (Figure 5). These are generally small (<3 
mm) but crystals as large as ~40 mm are known (Figure 6). 
Most crystals are clear to white, but smoky quartz has been 
found at Holwell Quarry and at Writhlington, and massive 
amethystine quartz is sometimes found in wallrock adjacent 
to and also within outer portions of the silicified manganese 
pods. 

figure 4. A close-up view of the newly identified nasonite 
specimen, BM 2006,89. Width of view approximately 15 mm. 
Photograph courtesy of the Natural History Museum.

figure 5.  A clear 5 mm tall crystal of quartz on calcite. Collected 
on Bench F of Merehead Quarry in 2005. 

figure 6. A large crystal of quartz, measuring approximately 40 
mm in length. One end is terminated, and the other partially ter-
minated. This crystal is exceptionally large for the Mendips. Col-
lected from Bench F of Merehead Quarry during the Society AGM 
field trip in April 2002. This is from the vein system that yielded 
the mereheadite etc. in 2005.
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The purple colour of Mendip quartz tends to be pale 
and fugitive, fading over time (and with exposure to light?) 
to an anaemic brown tinge. This may indicate that the 
colour is due to manganese, with the colour change likely 
being the result of manganese oxidation (presumably from 
Mn2+ to Mn3+) but this needs further investigation (by e.g. 
cathodoluminescence study) before we can be certain 
what is happening. If the purple colour is due to included 
manganese this is not ‘classic’ amethyst (where the colour 
is due to iron). The fugitive nature of the colour supports 
this hypothesis, but on the other hand, the presence of Fe-
bearing minerals (such as melanotekite) in the silicified 
zones does suggest that Fe could be involved.

We speculate that the colour of ‘smoky’ quartz from 
the Mendip deposits may also be due to the presence of 
oxidised manganese, the darker colour possibly being due 
to included MnO2 (in other words, Mn4+ ) but this too needs 
further investigation. The smoky quartz has a much darker 
hue than that arising when the purple quartz fades.

SUITES 6 AND 7: HYDROTHERMAL 
ALTERATION (SILICIFICATION) PRODUCTS

A suite of minerals has resulted from silicification of 
the Pb–Mn veins and their wall rocks by hydrothermal 
fluids. Minerals in this group include chrysotile, kentrolite, 
lizardite, melanotekite, and the amethystine quartz 
mentioned in the previous section. It is possible that Ca-
silicate minerals have also been created but we have not yet 
studied this suite of minerals in detail. 

The suite of silicification products bears a close 
resemblance to part of the suite of high-temperature silicate 
minerals found at the Långban Mine in Sweden.

Chrysotile and lizardite
Chris Alabaster (Alabaster, 1985a) reported the 

occurrence of waxy white chrysotile and possibly lizardite 
in the Coombe Farm deposit. These identifications are 
correct and material is held at the NHM.

Lizardite is also reported from Merehead Quarry in a 
Russell Society publication on Mendip minerals (Morse, 
2002) but no data source is given and we have so far been 
unable to locate any specimens. We therefore cannot verify 
this second occurrence. 

Kentrolite
Originally identified in material from Kingsbury’s 

collection of Didsbury material (Symes, 1986), kentrolite 
has subsequently independently been confirmed from there 
and from Merehead Quarry by the authors and by David 
Green of Manchester University Museum. 

Kentrolite appears to be relatively common in the 
manganese oxide hosted deposits. It seems to have gone 
largely unnoticed, presumably because it is small and 
visually identical in appearance to goethite.  Kentrolite 
most commonly occurs as small radiating fibrous brown 
to red-brown masses with ‘crednerite’, ‘hydrocerussite’, 
quartz malachite, and wulfenite (Figure 7) but occasionally 

occurs as platy masses or as radiating clusters of dark brown 
crystals to a few millimetres in size. 

At Merehead Quarry, kentrolite occurs in material 
collected between 2005 and 2007 from benches F and G of 
the quarry. It appears to be locally common in these later 
finds, occurring as radiating rosettes of dark brown blades 
to approximately 5mm, closely resembling goethite, and as 
small botryoidal masses (Figure 8). Kentrolite is not stable 
above about 525°C and its presence in the manganese pods 
gives an upper bound on the formation temperatures of the 
pods themselves.

Specimens are stored at the NHM under accession 
numbers BM 1985, MI32711, K.947, BM 1988,209, and 
BM 1988,212.

melanotekite 
Melanotekite occurs as a yellowish-green material in the 

outer layers of manganese pods, where the inner Mn-oxide 
core begins to transition into the outer Fe-oxide layers. It 
occurs both as powdery layers and more solid granular 
masses (Figure 9). Melanotekite does not form below 

figure 7. Reddish brown stringers of kentrolite with malachite 
and a blue Cu-rich silica gel. Honey-yellow wulfenite blades are 
present on some of these specimens. Collected on a Russell Soci-
ety field trip in June 2006 from a blast pile on Bench G of Mere-
head Quarry. Width of view approximately 20 mm. Photograph 
courtesy of the Natural History Museum.

figure 8. Radiating balls of kentrolite from Merehead Quarry. 
Width of view approximately 10 mm. The white material is the 
saponite-like amorphous clay mineral. Photograph courtesy of the 
Natural History Museum.
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325°C and this gives us a lower bound on the temperatures 
attained at the outside of the manganese pods during the 
hydrothermal event.

Specimens are stored at the NHM under accession 
numbers BM 1985,483, BM 1985,485, BM 1989,112, and 
BM 1989,111.

Celadonite Group mineral 
Amongst old research material at the Natural History 

Museum collected by Bob Symes was a specimen of Mn 
and Fe oxides accompanied by a label that merely read “L”. 
The original notes for specimen “L” are now lost, and there 
is no documentation with the specimen to indicate exactly 
where it is from. However, the specimen was found with 
further samples indicative of a mineral suite from Merehead 
Quarry, and this locality was confirmed when Bob Symes 
inspected the material. All specimens sent to the chemistry 
lab at the BM (as then was) were identified by letter or 
number identifiers and “L” was probably one of these – 
it is likely that it was associated with the work that was 
subsequently published in Din et al. (1986) (Bob Symes, 
personal communication).

The specimen, now stored at the NHM under accession 
number BM 2010,89, predominantly consists of crystalline 
goethite, calcite and bands of orange brown iron oxides, 
but conspicuous by its ‘British Racing Green’ colour is a 
single discontinuous band. This layer is about 1 mm wide 
and around 7 mm in length. Analysis by XRD revealed 
the green phase to be a member of the celadonite group 
of minerals. Semi-quantitative EDX work found it to 
dominantly contain K, Fe, Mg, Al, Si and O and there is 
a chance that the material is the rare iron rich end member 
of the group, ferroceladonite. It is intergrown with a white 
mineral, the identity of which remains undetermined.

The celadonite group minerals are generally 
inconspicuous greenish, layered phases related to muscovite 
and the micas. It is often thought of as a rock forming 
mineral and its identity at Merehead Quarry is likely to 

figure 9. A granular mass of melanotekite on the boundary 
between Mn and Fe oxide layers. The mass is approximately 15 
mm across. Specimen collected by RT in June 2006 from Bench G 
of Merehead quarry, and now in the NHM collection. Photograph 
courtesy of the Natural History Museum.

have been overlooked in the past as it occurs in the iron rich 
outer zone of manganese pods where little lead-oxychloride 
mineralisation occurs.

uncharacterised Phases
There are also a number of as-yet-uncharacterised 

minerals in the suite of hydrothermal alteration products. 

•	 A Pb-Ti-O phase occurs as minute (<4 µm) balls of a 
reddish-brown colour on specimens of manganese 
oxide matrix from Merehead Quarry (BM 2010,93 
and BM 2010,94). This is potentially macedonite but 
the small size of the material precludes x-ray analysis 
and therefore quantitative identification is not possible 
(Figure 10).

•	 A very similar phase also containing Fe exists in 
association with the “macedonite”; this Pb-Ti-Fe-O 
phase does not correspond to any known mineral, but 
it is probably most likely be an admixture of the above 
phase with Fe oxides

•	 Finally, a Pb-Mg-Si-O phase occurs as small clear 
grains, and we suspect that this is most likely to be 
molybdophyllite. This phase has been encountered 
by other investigators (Bob Symes, personal 
communication) but always in amounts too small for 
definitive characterisation. It appears to be reasonably 
widespread though in minute amounts.

All three of these are very rare, and do not occur in large 
enough amounts to analyse with certainty.

SuITE 5: mANGANESE POd fORmING 
mINERAlS 

Mn AND Fe OXIDES
The manganese pods and veins of the Mendip Hills have 

a standard form. The core contains competent and hard 
black manganese oxide minerals, which may in turn contain 
mineralised cavities; it is in these cavities that the interesting 
secondary minerals are found. Around the core lies a zone of 

figure 10. An SEM image of a minute (<10 µm) ball of a Pb-Ti-O 
mineral from Merehead Quarry. This is probably macedonite but 
the small size precludes definitive identification. Scale bar 40 μm. 
Photograph courtesy of the Natural History Museum.
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friable, powdery grey-black to brownish manganese oxides 
that often displays a layered structure. The outermost zone 
of the pod is made up from brown iron oxides, and between 
the two there may be an inner transition zone that contains a 
mixture of both Mn and Fe oxides.

The minerals forming these zones are consistent – the 
black parts of the manganese oxide matrix are comprised of 
manganite and pyrolusite, and the brownish areas contain 
a mixture of manganite and cryptomelane. The outer iron 
oxide rich zones are made up of a mixture of hematite, 
limonite, goethite, and other iron oxy-hydroxides. The 
iron minerals often occur locally in large quantities, when 
they became of significant economic importance. Iron was 
extensively mined up until about the 18th Century, at which 
point in time the deposits seem to have become worked out.

A number of these minerals produce euhedral crystals 
wherever there are cavities:

•	 manganite usually occurs as metallic black crystals to 
about 3 mm (Figure 11) but on occasion, these can be 
larger. Spherical aggregates are common, and these show 
a radiating structure when broken. Massive manganite is 
the most common manganese mineral.

•	 Pyrolusite usually occurs as radiating aggregates of 
needles, which are difficult or impossible to distinguish 
from similar occurrences of manganite. Where there are 
cavities, pyrolusite forms radiating ‘tufts’ of acicular 
crystals (Figure 12).

•	 Goethite is the most common Fe-oxide mineral found. 
Predominantly massive, it varies from dark red-brown 
to black in colour. When crystallised, it typically forms 
rectangular, thin plates of dark red to red-brown colour 
(Figure 13).

•	 hausmannite is known from a single crystallised 
specimen from Merehead Quarry (Figure 14). This was 
noticed by Neil Hubbard amongst some old material and 
set aside due to the unusual crystallisation. Subsequent 
XRD analysis showed the material to be hausmannite. The 
specimen is now in the NHM collection (BM 2009,157).

•	 ‘limonite’ – a generic term encompassing impure and 
poorly crystallised Fe-oxides/hydroxides of a brownish 
colour – is often present in massive or earthy form, and 
occasionally as pseudomorphs after other minerals. 

figure 11. Crystals of manganite showing the typical curved form 
and metallic black appearance. Width of view approx 10 mm. 
From Bench G of Merehead Quarry.

figure 12. A typical specimen of pyrolusite from Merehead 
Quarry, consisting of radiating fibrous crystals to about 1 mm in a 
cavity in calcite.

figure 13. Well formed bladed crystals of goethite on calcite. Width 
of view approximately 5 mm. From Bench F of Merehead Quarry.

figure 14. The only known crystalline specimen of hausmannite, 
donated to the NHM by Neil Hubbard and now BM 2009,157. 
This is an old specimen from Merehead Quarry approximately 75 
mm across. Photograph courtesy of the Natural History Museum.
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UV illumination. The most common colour is pink, but 
a range of colours from orange to deep red can be found. 
Some exhibit marked phosphorescence, continuing to glow 
for up to a minute after the UV illumination is removed. 

‘Limonite’ after siderite was found near Harptree Works 
and ‘limonite’ after marcasite near Chewton Mendip 
(both Kingsbury, 1934). It is widespread in massive, 
earthy form throughout the Mendips.

OXIDES OF Mn OR Fe AND ANOTHER METAL
A number of compound oxides and oxy-hydroxides of 

Mn with another anion occur in small amounts throughout 
the Mendips. Although rare, they are probably more 
commonplace than our study would imply, as they are 
visually (very) similar to the widespread manganese oxide 
minerals, and have simply gone unnoticed.

Coronadite with minor Ba and Ca has been confirmed 
from Rowberrow during this study (BM 2009,155 and 156).
The specimen is massive with a matt dark-grey appearance 
identical to many of the common place manganese oxides. 
Hollandite (which is in the coronadite group but has Ba>Pb) 
has been reported from Merehead Quarry but we have been 
unable to confirm this. 

Cesarolite has been tentatively identified using EDX on 
a specimen from “Priddy” collected by S.G. Perceval (BM 
1923,724). Unlike the other manganese oxides this has a 
distinctive shiny lustre and a dark grey to black polished 
waxy appearance with no noticeable crystalline form.

Kingsbury (1934) reports “psilomelane” from Higher 
Pitts Mine, this name being typically used for a mixture of 
hydrated manganese oxides containing variable amounts 
of other cations. This may be the source of the reports of 
species such as hollandite and also romanechite which 
again, we have not encountered during this study. If either 
of these phases does occur, it must be in small amounts and/
or confined to very localised areas.

RELICT MANGANATE MINERALS
On very rare occasions, small amounts of manganate 

minerals such as todorokite are found in the manganese 
oxide matrix (Figure 15). Presumably, these are unaltered 
relicts of the original mineralisation.

CARBONATES
Carbonates of Ca are major constituents of manganese 

pods, forming up to about 25% by volume. These Ca-
carbonates often include small amounts of Fe, Mg, and 
(unsurprisingly) Mn, and therefore ankerite, dolomite, and 
mangano-calcite have been reported.

Calcite
Calcite is the dominant pod-forming carbonate phase, 

both as massive material in the pod and where there are 
cavities, when it is found exhibiting a wide variety of crystal 
forms. Many manganese pods show evidence of multiple 
phases of calcite deposition. Crystals as large as several 
inches are known, and smaller crystals make attractive 
specimens and micromounts. An example is illustrated in 
Figure 16, and zoned calcite crystals in Figure 17.

Most of the calcite from the manganese deposits is 
strongly fluorescent under both longwave and shortwave 

figure 15. An SEM image of todorokite from Merehead Quarry. 
Small amounts of manganate minerals (presumably relicts of the 
original manganese mineralisation) are occasionally found. Photo-
graph courtesy of the Natural History Museum. Scale bar 30 μm.

figure 16. A typical Mendip calcite specimen, showing complex 
composite crystals. Width of view approximately 10 mm. From 
Bench G of Merehead Quarry.

figure 17. Calcite crystals showing zoning indicating preferential 
growth. Width of view approximately 10 mm. From Bench G of 
Merehead Quarry.
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Mendip aragonite is sometimes fluorescent under 
longwave UV illumination, exhibiting a bright yellow colour.

Rhodochrosite 
Much, if not most, of the ‘rhodochrosite’ from the Mendip 
Hills is in reality mangano-calcite, typically containing less 
than 10 wt% of Mn. The manganese content colours the 
calcite bright pink, and it is usually this coloration which 
leads to the (mis-)identification. True Mendip rhodochrosite 
(e.g. NHM specimens K1041 and K1280, both from Priddy) 
tends to be an unappealing opaque brownish-pink colour 
or a very pale transparent pink, and rarely occurs in large 
lumps. Most often it is massive and crystals are indistinct or 
corroded looking, even when present in cavities.

Perhaps the most significant occurrence of rhodochrosite 
in the Mendips was that discovered at Durnford Quarry in 
2007.  Superb specimens occurred in a manganese pod in 
south-eastern corner of the quarry, in the face of the second 
bench (from the top) which had been exposed by a blast. 
We have analysed a number of specimens from this find and 
found them to be an intergrowth of ‘true’ rhodochrosite and 
manganocalcite. These phases are visually indistinguishable. 
Both species are slightly magnesian. The manganese pod 
that these came from appears to have been significantly 
heated and partially silicified: the manganese oxides are 
predominantly composed of manganite, and have been 
baked into a very hard, competent material. Their outer 
regions contain a relatively large amount of quartz, which 
in this assemblage most commonly forms small (<5 mm) 
doubly terminated prisms lying flat in cavities, on a matrix 
consisting of goethite and goethite crystals. Cockscomb 
baryte is also sometimes present.

Barytocalcite
Barytocalcite has only been conclusively identified from 

one locality in the Mendips - Holwell Quarry (Alabaster, 
1990) where it occurred in a single small area on the second 
bench, as aggregates and groups of small white to yellowish 
white platy crystals within calcite lined vughs in manganese 
oxides. The manganese pods were associated with a N-S 
trending joint swarm at the south end of the quarry.

Strontianite
Strontianite has been found at Dulcote Quarry, where it 

occurs as aggregates of steeply pointed, colourless to white 
crystals on calcite (Figure 20, next page).  The aggregates 
reach approximately 6 mm across with individual crystallites 
up to 2 mm in length.

As far as we are aware, this is the only locality for this 
mineral in the Mendips, although it is also recorded from 
collieries in the Radstock area, as well as from the cliffs at 
Aust, on the Bristol Channel coast. All of these occurrences 
are unrelated to the manganese deposits.

Cerussite and ‘hydrocerussite’ 
Cerussite and ‘hydrocerussite’ are described in the 

section on secondary minerals below.

It is assumed that the activator for this fluorescence is 
manganese but this has not been tested.

A considerable amount of work was done by Jim Chisholm 
at the BM(NH) in the 1980s on the substitution of Pb into 
calcite, which can be quite considerable in Mendip calcites.

Aragonite
Aragonite is moderately common throughout the 

manganese deposits, but is unobtrusive since it is often 
massive and white, and generally found in with a mixture 
of other carbonates including calcite and cerussite. Small 
amounts of manganese may colour this mixture pink. 
Aragonite from within the manganese pods is often Pb rich 
(the variety tarnowitzite).

Aragonite is rarely found as crystals, but where these 
do occur, they generally take the form of steep pyramids. 
Most crystals are small (Figure 18) but occasionally larger 
specimens are found. Figure 19 shows an exceptional 
specimen found at Merehead Quarry in 2006, where a 
cavity contains crystals of aragonite to 70 mm in length, 
with goethite, cerussite and wulfenite.

figure 18. Small (0.5 mm) pinkish brown crystals of aragonite in 
a cavity in calcite. This crystal form is a common one in the Men-
dips. Bench G of Merehead Quarry.

figure 19. Exceptional crystals of pale aragonite on botryoidal 
pink mangano-calcite and brown goethite. The unbroken crystal is 
approx. 70 mm in length. Collected on Bench G of Merehead Quarry 
in June 2006. This specimen is now in the Natural History Museum.
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manganese oxide which contains the material in question 
possesses a considerable amount of Sn, the difference in 
anionic sizes (of Ca and Sn) makes it difficult to see how 
they would combine to form a viable structure. It may 
therefore represent a mixture of some type, even though 
the material analysed is visually homogenous even under 
high magnification. It is of note that apart from this one 

malachite
Malachite is not a common mineral in the manganese 

deposits, except where it appears in the form of green stains 
as an alteration product of ‘crednerite’, and in the west of the 
Mendips, as an alteration product of chalcopyrite. However, 
a rare specimen of ‘primary’ malachite is shown in Figure 
21. This specimen was recovered from a manganese pod on 
Bench F of Merehead Quarry in 2005. The crude crystals 
and botryoidal masses are associated with cerussite and 
appear to have been deposited in a small cavity.

An unusually pale green specimen of malachite is 
shown in Figure 22. The habit is typical for malachite 
(fibrous, crystalline bundles) but for reasons unknown, 
these crystals are pale apple-green in colour. Some similar 
small specimens are even paler in colour, verging on off-
white. The reason for this colour variation is not known, but 
XRD confirms that the material is malachite.

A third habit of malachite is shown in Figure 23, 
consisting of pale green crenellated balls composed of many 
minute crystallites, roughly organised into plates. These are 
on the surface of calcite crystals. The dark mineral at the 
bottom is manganite, and at top right is a small, olive-brown 
fornacite crystal.

uncharacterised Carbonate Phases
EDX analysis results suggest the possible existence of 

an Mg-Mn carbonate phase at Durnford, and possibly of a 
Ca-Sn carbonate phase at Merehead Quarry. 

The possible Mg-Mn carbonate occurred with the 
rhodochrosite found at Durnford in 2008. It is glassy and 
light pink in colour and visually indistinguishable from the 
rhodochrosite and manganocalcite that occur in the same 
specimens. There is no Ca in the material. A small number 
of analyses from different parts of the specimen gave similar 
results. This may well be a mixture of some kind, but the 
phase has not been studied. 

The EDX analysis suggesting a Ca-Sn carbonate 
from Merehead Quarry is somewhat more problematical. 
Although several analysis results are consistent, and the 

figure 20. Rosettes of strontianite crystals on calcite from Dulcote 
Quarry. Width of view approximately 15 mm.

figure 21. An uncommon occurrence of primary malachite from 
Bench F at Merehead Quarry. Width of view approximately 15 mm.

figure 22. An unusually pale coloured specimen of malachite, 
found in the same manganese pod as mereheadite and  rickturnerite 
at Merehead Quarry in July 2005. Width of view approximately 15 mm.

figure 23. Small malachite balls made up of minute crystallites 
organised into rough plates. A tiny olive-brown fornacite crystal is 
at top right. Width of view approximately 5 mm. From Bench G 
of Merehead Quarry.
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Celestine has been recorded from Dulcote Quarry, but 
we have been unable to locate a specimen. Since strontianite 
(q.v.) occurs at this locality, the presence of celestine would 
not be surprising. This locality – although in the Mendips – 
is not associated with the manganese deposits, being hosted 
within Triassic marls.

Celestine is well known to occur in the Yate area, to the 
north of Bristol, but this is outside of the Mendip orefield.

OTHER MINERALS
It is common to find small amounts of other minerals 

filling crevices in the manganese oxide matrix, or as thin 
coatings between manganese oxide layers. Most of these are 
simply Ca-carbonates, sometimes with Fe, Mg and Mn etc., 
but occasionally something unusual occurs in this way.

Several of the minerals described as hydrothermal 
alteration products occur in this way, including melanotekite, 
‘celadonite’, and the unidentified Pb-Ti-O phases. Clay 
minerals are sometimes found filling cracks and in cavities: 
to date, an amorphous looking Mn-Si phase chemically 
resembling hisingerite, and saponite have been identified.

We suspect that many more minerals are lurking in these 
crevices and small cavities, yet to be discovered – those that 
we have found ourselves tend to be very small and of similar 
colour to the matrix, and therefore easily overlooked.

SuITE 6: SECONdARy mINERAlS IN 
ThE mANGANESE POdS

The secondary minerals found in the manganese pods are 
those of most interest to collectors, including the well-known 
suite of oxychloride minerals. The species are grouped by 
their chemistry in Figure 2, this being a convenient way 
to represent their groupings and relationships, and each is 
discussed in turn below.

The environment in the manganese pods started out being 
hot and highly alkaline but became progressively more acid 
as the deposits cooled. The presence of “plumbonacrite” 
– which, despite its occurrence here and at a number of 
overseas localities, is not recognised as a valid mineral 
by the IMA – indicates a pH as high as 13, and kentrolite 
indicates a peak temperature of at least 500 to 525 °C. At 
the other extreme, the presence of mereheadite means that 
the final stage of deposition occurred at temperatures below 
30 °C, and the presence of cotunnite indicates a pH of about 
3. Clearly, a wide range of formation conditions existed and 
this is one reason why the mineral content of the manganese 
pods is so diverse. 

A second reason for the mineral diversity is the presence 
of geochemical micro-environments. As soon as a coating 
of manganates formed around the original galena core, it 
became a sealed, closed-loop environment. No external 
chemical influences could enter, but more importantly, 
the initial contents remained in situ. This includes the 
small amounts of heavy metals that were adsorbed by 
the manganates, which subsequently led to the formation 
of some of the rarer minerals now present – for example 
fornacite (Cr) and kombatite (V). Since each had unique 

specimen, Sn is generally absent from all other analyses 
made within the Mendip area.

SULPHATES
Baryte

Baryte is present in small amounts from time to time in 
manganese pods throughout the Mendips. In calcite lined 
cavities it occasionally occurs as euhedral, tabular white to 
clear crystals (Figure 24) sometimes showing interesting 
zonation between white and colourless regions within 
individual crystals. In extreme cases the individual baryte 
crystals can reach cm-scale. More commonly however, the 
baryte occurs as relict, altered (“rotting”) crystalline masses 
and veins.

Typical cockscomb baryte is not uncommon in the outer 
Fe-oxide layers of the manganese pods, where it tends to 
be stained a beige to brown colour presumably by iron. 
Individual ‘combs’ typically reach 4-5 mm in size, and 
aggregates may reach much larger sizes. Minute quartz 
crystals are a common associate.

Celestine
Celestine has been recorded from Coley Mill (Kingsbury, 

1941) and this record is genuine. The original identification 
was done by Sir Arthur Russell and the specimen (BM 
1957,876) was located and has been checked again, and 
the identification found to be correct. The specimen 
was collected in 1939 by Kingsbury from the Triassic 
conglomerate beds during excavations for a pylon. The 
specimen does appear to be genuine, despite the 18 year gap 
between collection and accession to the NHM catalogue.

A specimen (BM 1923,519) from Holly Brook at Westbury-
sub-Mendip was also checked and found to be celestine.

More recently, the name celestine has been given to 
bluish-grey, crystalline material from Merehead Quarry. 
However, all the material that we have examined is baryte 
containing only trace amounts of Sr. It is possible that 
the composition varies such that patches contain higher 
quantities of Sr (potentially enough to make them technically 
celestine) but the bulk of the material appears to be baryte.

figure 24. Crystals of baryte on manganite from Merehead Quarry. 
Width of view approximately 10 mm.
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starting conditions, each can potentially contain a unique 
suite of minerals. The same holds true on a smaller scale for 
individual cavities in a pod where these were sealed by an 
impervious rime of calcite. Any sealed cavity would have its 
own unique chemistry, depending on what happened to be 
sealed inside it. This effect has been seen at other localities, 
including Tiger, Arizona (Abdul-Samad et al., 1982).

These sealed micro-environments also explain the 
“highly localised abundance” of rare minerals such as 
fornacite and parkinsonite. Occurrences are infrequent, but where 
such minerals are found, they tend to occur in some quantity.

There is a broad similarity between the manganese 
pod secondary mineral suite and the ‘anomalous suite’ of 
minerals found at the Mammoth St. Anthony Mine at Tiger, 
Arizona (see Turner, 2006) and we have recently also  found 
striking parallels with the mineralogy of the Kombat Mine 
in Namibia.

‘CREDNERITE’ – A PUZZLE
A number of specimens were found on the Russell 

Society AGM fieldtrip to Merehead Quarry in April 2002 
that did not match the usual occurrence of ‘crednerite’, and 
examination of this material at the time led to the conclusion 
that there was more than one mineral present. It has been 
clear that ‘crednerite’ required re-examination since then. 
We have subsequently done some of the necessary work but 
‘crednerite’ still poses a number of puzzles that are yet to be 
resolved. To understand these, it is necessary to first recount 
the history of ‘crednerite’.

Originally found at Friedrichsroda in Thuringia by Herr 
Credner in 1847 (Credner 1847, 1848), the mineral was 
formally described by Rammelsberg (1849) who gave the 
chemical formula of the mineral as 3CuO.2Mn2O3, or in 
other words, Cu3Mn4O9. This phase has a Cu:Mn ratio of 
3:4 or put another way, 1:1.33. 

‘Crednerite’ then disappeared from the literature for over 
70 years, until it was described by Spencer and Mountain 
from the Higher Pitts Mine (Spencer and Mountain, 1923) 
using specimens from the Perceval collection (now at the 
NHM). Their analyses yielded the formula CuMn2O4 for 
‘crednerite’, giving a Cu:Mn ratio of 1:2. This formula 
was subsequently used by Kingsbury in his 1941 paper on 
Mendip minerals, but there is no evidence that he performed 
any independent analytical work at the time and it appears 
likely that he simply repeated Spencer’s description of the 
chemistry. There was, after all, no reason to question the 
mineral or Spencer’s results.

The next appearance of ‘crednerite’ is a paper by 
MacAndrew (1956). He studied the mineral using single 
crystal x-ray techniques on Higher Pitts Mine material but 
obtained ‘irrational’ results for unit cell contents. Because 
of this, and given the variation in the previously published 
analyses (those of Rammelsberg (1849) and Spencer and  
Mountain (1923)) he synthesised ‘crednerite’, producing 
a material with the composition Cu2Mn2O5, which was 
monoclinic and heavily twinned.  This compound has a 
Cu:Mn ratio of 1:1. Interestingly, MacAndrew discovered 

that the specimens from Friedrichsroda that he had been 
given to work with were incorrectly identified, and did not 
contain any ‘crednerite’.

Three years later, a paper appeared (Kondrashev, 1959) 
which gave the chemical formula of Långban ‘crednerite’ as 
CuMnO2, which is the formula now assigned to the mineral. 
This also has a Cu:Mn ratio of 1:1 and subsequent works 
(Gaudefroy et al., 1966 and Topfer et al., 1995) have verified 
the existence of the CuMnO2 phase, deriving its structure 
with some precision from single crystal studies. This means 
that we can have confidence that this phase exists. Topfer et 
al. also managed to synthesise this phase at a temperature 
of ~900-1000 °C, but his experiments along the way also 
produced a variety of other related phases, including a Cu-
Mn spinel phase and members of a Cu1+xMn1‒xO2 series.

In summary therefore, ‘crednerite’ is a mineral which 
historically has been stated to have a markedly different 
chemical composition and structure on at least four 
occasions. Given that all of the authors were well known 
and experienced mineralogists and chemists, it seems highly 
unlikely that all of them made major analytical mistakes. 
The simplest – and therefore, most likely – answer is that 
‘crednerite’ is variable in some hitherto unexplained way.

New data Since 2002
An obvious place to start was the original occurrence, 

but it was only during the final preparation of this paper that 
we were able to source a specimen from Friedrichsroda that 
on analysis we could confirm to be ‘crednerite’. Our initial 
searches at many institutions and within private collections 
worldwide found a considerable number of specimens 
labelled as being ‘crednerite’, but upon analysis all turned 
out to be other things, usually jacobsite or hausmannite. 
The first confirmed specimen that we found is BM 1985, 
Nev834, a specimen from within the ‘Neville Collection’, 
an obscure subsidiary of the Ludlam collection, itself a 
part of the Museum of Practical Geology collections that 
were merged with those of the Natural History Museum in 
1985. On this specimen, ‘crednerite’ occurs as intergrown 
stacks of black platy crystals several millimetres in size 
encased within a hard mass associated with malachite, 
baryte, volborthite, a powdery manganese oxide with traces 
of Ba, Pb, V, and Cu, and a further crystalline manganese 
oxide that is probably hausmannite. Analysis of the material 
indicates however that the Cu:Mn ratio is 1:1 rather than 
3:4. It is possible that this may reflect the true composition 
of the Friedrichsroda material, the excess of Mn in the 
original analysis then most likely being due to the fact that 
the ‘crednerite’ is embedded within hard and difficult to 
separate manganese oxides, or it may be that Rammelsberg 
analysed a different material. Whilst this paper was being 
reviewed, ‘crednerite’ was found on two other specimens of 
volborthite from Friedrichsroda, and these contain both the 
1:1 and 1:3 ratio phases (Phases A and C below). It therefore 
seems likely that Rammelsberg’s analysis was performed 
on a mixture of the two phases, and/or the hard Mn-oxides 
with which ‘crednerite’ is intercalated, but since only three 
Friedrichsroda specimens have been found it is not yet 
possible to be certain of an explanation.
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The discovery of atypical ‘crednerite’ specimens on 
the 2002 AGM Merehead Quarry field trip led to our first 
investigation of Mendip ‘crednerite’, and the result was that 
we eventually determined that ‘crednerite’ from the Mendip 
Hills actually consists of a mixture of distinct phases, some 
containing Pb (and possibly also Al) as well as just Cu and 
Mn. We have found four different sensible stoichiometries, 
two of which are heavily dominant (Phases A and C below) 
and which are likely to be discrete minerals. The other two 
(Phases B and D) may represent mixtures or varieties rather 
than discrete minerals, but we cannot be sure until they have 
been studied further. All of these stoichiometric variants can 
occur intimately intergrown on a scale of 10-20 µm, which 
suggests that some at least of the variability in old analytical 
results is due to the specimens in question being a mixture 
of different phases. 

However, the various different regions within these 
intergrowths are stoichiometrically homogenous, and their 
stoichiometries are reproduced over different specimens 
and localities. They probably therefore represent distinct 
structural phases as opposed to a single – variable – mineral 
with a Cu2xMn2-xO3 type formula, but no work has yet been 
done to confirm this one way or the other.  Note in passing 
that this potential variable formula is similar to that of 
the series synthesised by Topfer but differs in the relative 
amounts of the metals present.

Finally, at least one overgrowth phase (Phase AY) seems 
to occur in significant quantity and there may be yet more 
phases in the altered areas of some ‘crednerite’ specimens. 

Phase A - Cu:mn ratio 1:1
One dominant stoichiometry (Figure 25) present at 

Merehead Quarry and other localities is metallic dark-grey 
to black, generally smooth and highly reflective, and has a 
Cu:Mn ratio of 1:1. It is not yet clear if this is Kondrashev’s 
CuMnO2 – the phase now regarded as ‘crednerite’ – or 
MacAndrew’s Cu2Mn2O5. Detailed structural investigations 

will be necessary before this question can be resolved.  It is 
of course possible that both are present.

Phase A tends to occur at the centre of mineral grains that 
are considered to be ‘crednerite’ and presumably therefore 
represents the mineral that originally formed. 

Phase B – Cu:mn ratio 1:1.33 (3:4)
A single semi-quantitative microprobe analysis of a 

specimen from Merehead Quarry returned a Cu:Mn ratio of 
3:4, which corresponds to the stoichiometry of the original 
Credner and Rammelsberg formula of Cu3Mn4O9. It is 
therefore possible that this phase does actually exist as a 
distinct mineral, but this requires confirmation particularly 
given our failure to locate it in the Friedrichsroda material 
that we have access to. 

It is perhaps more likely that the single result we obtained 
came from a fine grained mixture, and since the analysis 
was done with an environmental microprobe this may 
have introduced distortion. However, the correspondence 
with Rammelsberg’s published figures may be significant, 
and for this reason we report the result separately here and 
treat it as a distinct phase for now. Further investigation is 
necessary to determine whether or not Phase B really exists.

Phase C – Cu:mn ratio 1:3 – contains Pb
This is the second dominant stoichiometry in Mendip 

‘crednerite’, which we now know occurs at Merehead 
Quarry, Priddy, Holwell Quarry, and the Wesley Mine. It 
is sub-metallic and black in colour (Figs. 26 and 27) and 
tends to occur at Merehead Quarry on the rims of the 
original Phase A grains, which implies gradual replacement 
of the original material due to external conditions, almost 
certainly oxidation. Phase C appears to have actively 
removed Cu from the system as it clearly takes up less space 
than the original phase whilst still trying to pseudomorph 
it. This creates many tiny multiple fractures that propagate 
along the original (Phase A) cleavage planes. These minute 
fractures make Phase C very brittle and it readily breaks 
under pressure (unlike Phase A, which is harder to sample 
and much more consolidated). This may be the best way of 
distinguishing the two if you do not have XRD equipment.

figure 25. A specimen of Phase A of ‘crednerite’ from Merehead 
Quarry. This is the phase with the 1:1 Cu:Mn ratio but it is not clear 
whether this is the CuMnO2 phase regarded here as crednerite as 
Cu2Mn2O5 also exists. The scale marks are 0.1 inches. More research 
is needed. Photograph courtesy of the Natural History Museum. 

figure 26. Phase C of ‘crednerite’ forming matt-black bladed 
crystals, with malachite. Width of view approximately 10 mm.  
Collected from Bench F of Merehead Quarry in April 2002 on the 
Russell Society AGM field trip.
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1. Phase A  CuMnO2 and/or Cu2Mn2O5 Mn2+ and/or Mn3+ 

2. Phase B Cu3Mn4O9 Mn3+ (?)

3. Phase C (Cu,Pb)Mn3O7. 3H2O Mn4+

4. Phase D Mn6.54(Cu0.92 , Mn0.6)Pb1.4O16   Mn4+ (and some Mn2+ ?)

uncharacterised Overgrowth – Phase Ay
Another phase of currently unknown composition is 

shown in Figure 28. This intriguing material is a dull steel-
grey in colour and appears to form oriented (epitaxial?) 
overgrowths on underlying Phase A crystals. We have 
labelled this overgrowth material “Phase AY”. 

Phase AY is markedly different in appearance to 
Phases A-D and probably represents a further mineral. It 
closely resembles the appearance of material studied by 
MacAndrew from Higher Pitts Mine, which he described as 
“plates showing three sets of striae and overlapping portions 
at angles of 56º to 63º suggesting twinning”. He found 
the Higher Pitts Mine material to have the composition 
Cu2Mn2O5.

discussion
It is clear that ‘crednerite’ requires further in-depth study 

to separate out the various phases, to finally determine the 
structure and chemistry of each, and to sort out the various 
oxidation pathways and mechanisms. This is undoubtedly 
going to be a large and lengthy task and is therefore one 
beyond the resources of the present authors – this is one of 
the outstanding investigations that might make a suitable 
topic for a PhD thesis.

If any of the phases described before the CuMnO2 phase 
formalised by Kondrashev exist, then rules of precedence 
indicate that the earliest of these should be given the name 
‘crednerite’. This in turn means that the later CuMnO2 phase 
would have to be renamed. However, renaming may cause 
confusion in fields such as materials science, where the 
type of layered structure found in CuMnO2 is universally 

Both low-vac and microprobe analysis reveals that the 
material contains up to 2 wt% Pb. The data do not total to 
100.0% suggesting that the material is a hydrated oxide or 
hydroxide of some kind, rather than a simple oxide. We 
have tried to obtain a powder pattern from Phase C but it 
has so far proved impossible to get a good quality pattern 
due to high fluorescence with both Co and Cu sources. 
However, even degraded, the pattern is different to that 
of the 1:1 phase and they are therefore clearly distinct and 
separate minerals. From the little data that we have, Phase C 
would appear to have a layered, clay-like super-structure. It 
is likely that specialised methods will be required to get any 
further with the identification of this phase. 

A phase identical to Phase C has been also been identified 
on specimens within the NHM collections from Idikel, 
Morocco. Labelled as ‘pseudo-’crednerite’’ this material 
contains trace Fe rather than the Pb of the Mendip material.

Phase d – Cu:mn ratio between 1:7 and 1:8 – 
also contains Pb

Phase D appears to be the final stage of alteration, 
forming blob-like structures on top of the earlier phases. 
The specimens that we have studied that contain this phase 
– from the Russell Society 2002 field trip to Merehead 
Quarry, and specimens BM 1923,731 and 732 from Priddy 
– are heterogeneous. The amount of Cu remains constant 
whilst Pb and Mn vary in what appears to be some type of 
coupled substitution relationship. This leads us to suspect 
that Phase D may be a Cu-bearing coronadite mineral of 
some kind, but this has not been confirmed or tested due 
to lack of sample. If this is the case, the chemical formula 
that best fits our observed data would be Mn6.54(Cu0.92, 
Mn0.6)Pb1.4O16. See Frondel and Heinrich (1942) for further 
information on these coronadite-like minerals.

Oxidation Pathways

The alteration of Phase A into Phases C and D represents 
gradual oxidation, coupled with gradual replacement of Cu 
by Pb. If Phase B exists, it fits into the sequence, which 
becomes:

figure 27. Phase C of ‘crednerite’ from Higher Pitts Mine. The 
crystal aggregate is approximately 12 mm across. Photograph 
courtesy of Bob Meyer. 

figure 28. Overgrowths of an unknown dull steel-grey mineral on 
phase A of ‘crednerite’. The overgrowths appear to be oriented to 
the underlying crystals. This is very similar to material described 
by MacAndrew. Width of view approximately 3 mm. Collected 
in April 2002 from Bench F of Merehead Quarry. Frank Ince 
specimen, photograph by Rick Turner. 
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through a different chemical synthesis pathway to that 
used by Topfer and others, but we have no suggestions 
as to what this may be.

•	 Other anomalies exist – such as ‘crednerite’ blades 
entirely replaced by kentrolite crystals – and there is as 
yet no single satisfactory explanation for how such a 
replacement occurred.

•	 It may also be prudent at this time to re-investigate the 
discredited copper containing Mn oxide ‘lampadite’ to 
try and determine if it contains, or is related to, any of 
the above ‘crednerite’ phases.

OXYHALIDES OF Pb ONLY
There are four identified Pb-only oxyhalides in the 

manganese deposits, and three as yet unidentified ones.

mendipite
The most abundant Pb-only oxyhalide by far is mendipite, 

which has its type locality at Churchill, and which is one 
of the ‘signature minerals’ of the manganese deposits. 
Mendipite forms only when the supply of CO2 is restricted – 
if it is not, the common lead carbonate cerussite forms instead. This 
is why mendipite can only be found in the sealed environment 
of a cavity in the manganese oxides, and therefore isolated 
from the surrounding limestone – a source of abundant CO2. 

Each such cavity is generally occupied by a single 
crystalline mendipite aggregate, where all the cleavages 
run in the same direction and extend right across the cavity 
(Figure 29). In a few cases these aggregates have been 
known to reach 20 cm in size. 

Mendipite is frequently lilac to light purple in colour, 
and more rarely a deep reddish-brown. We have investigated 
this colouration and it appears to be due to extremely 
thin coatings of a Pb-oxide mineral (probably plattnerite, 
possibly litharge or scrutinyite) within the cracks and 
cleavage plains of the mendipite. There is no difference in 
either the chemistry or structure of the coloured varieties; 
they are in all other respects identical to white mendipite.

referred to as ‘the ‘crednerite’ structure’. So, somebody will 
have to sort out the nomenclature issues that arise.

Since the NHM specimens from Friedrichsroda contain 
both 1:1 and 1:3 Cu:Mn phases it becomes highly desirable 
to find an original type specimen and analyse that, to find 
out what the original material really was. However, we 
were unable to locate any type specimen, and these may 
no longer exist. In parallel, the true status of Friedrichsroda 
‘crednerite’ needs to be re-determined – this cannot reliably 
be done from a sample of three small specimens. 

We have not found any material that corresponds with 
Spencer and Mountain’s analysis, which would demand 
a Cu:Mn ratio of 1:2. This does not mean that it does not 
exist; only that it has not been found in the fairly limited 
number of specimens that we have studied to date. It is worth 
noting however that both phases A and C occur at Higher 
Pitts Mine, and that analysis of a specimen comprised of 
approximately equal amounts of these phases would yield 
results similar to those cited by these authors.

Summary of ‘crednerite’ Phase distributions:
Our partial results so far indicate that:

•	 Holwell Quarry ‘crednerite’ contains Phases A and C.
•	 Higher Pitts Mine ‘crednerite’ contains Phases A and C.
•	 Merehead Quarry ‘crednerite’ is a variable mixture of 

phases, with A and C dominant. Phases D and AY are 
also present. Phase B may (or may not) be present – see text.

•	 “Priddy” ‘crednerite’ is Phase C with minor Pb (BM 
1923,731 and 732). Phase D is also present on this material.

•	 Wesley Mine ‘crednerite’ is Phase C with minor Pb (BM 
1989,105).

Outside of the Mendips:
•	 Friedrichsroda ‘crednerite’ is a mixture of Phases A and 

C. This does not match the original type description of 
Rammelsberg.

•	 Gambatesa, Italy, ‘crednerite’ is Phase A.
•	 ‘Pseudo-crednerite’ from the Idikel Mine, Morocco 

is Phase C but with minor Fe instead of Pb  
(BM 1958,542).

Some Other unanswered Questions
The formation of ‘crednerite’ also poses some 

unanswered questions. For example:
•	 ‘Crednerite’ seems to have formed early on in an 

oxidising environment, the crystals and aggregates 
of ‘crednerite’ later being enveloped by calcite and 
other minerals. This appears to require an environment 
different to that most common in the manganese pods, 
which was OH- rich.

•	 The formation temperatures reported by authors who 
have synthesised these phases (e.g. Topfer et al., 1995) 
exceed 900 °C and are therefore significantly higher 
than temperatures in the Mendips, which do not seem to 
exceed ~525 °C (see e.g. Turner, 2006). 

•	 These points suggest that the ‘crednerite’ can be formed 

figure 29. A typical specimen of mendipite showing its columnar 
appearance and both pink and white coloration. Towards the top 
right the specimen grades into cerussite and then calcite, which 
form the inner lining of the manganese pod cavity. From #1 vein at 
Merehead Quarry. Width of view approximately 12 mm.  
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in both ionic size and valence, leading to the way that the 
formula is written here. The mineral is therefore a ‘fluor-
oxy’-chloride and not an oxyfluoride. 

With the exception of fluorite this is the only known fluorine 
bearing mineral from the Mendips, and is the only one 
associated with the manganese deposits. 

Only one specimen (BM 1970,110) is known, from 
Merehead Quarry, and this consists of a small honey-brown 
area completely enclosed in pearly white ‘hydrocerussite’ 
(Figure 31). Although investigation shows that the mineral 
is monoclinic, the crystal externally appears cubic and we 
therefore suspect that it is a pseudomorph after a fluorite 
crystal which was altered in situ. 

We are in the process of submitting this mineral to the 
IMA for approval.

Unidentified Pb Oxychlorides
In addition to the four identified minerals there are three 

other Pb-only oxyhalides which occur in the Mendips, but 
these cannot currently be characterised due to a lack of 
material.

•	 A single grain of a white, triclinic Pb oxychloride 
was found by Dr Oleg Siidra of the University of 
St. Petersburg whilst examining a specimen of 
symesite from the original material collected in the 
1980s at Merehead Quarry (Oleg Siidra, personal 
communication). The grain was found enclosed in the 
massive mendipite that the symesite also occurs in. 
Probe analysis indicates that only Pb, Cl and O are 
present, and the XRD pattern shows that this mineral 
is triclinic with a layered structure similar to that of 
nadorite and asisite. No triclinic Pb oxychloride species 
have been described to date, so this appears likely to 
be a new mineral. Unfortunately, the XRD pattern was 
not of sufficient quality to yield precise structure results, 
so our characterisation will remain on hold until further 
material is found.

Paralaurionite
Paralaurionite is locally common and is usually noticed 

only when it exhibits the distinctive yellow colour that is 
usually labelled as ‘blixite’ (which does not occur in the 
Mendips - see below). Our study of a large number of 
specimens has shown that >99 % of the yellow patches in 
mendipite or the calcite-cerussite cavity infill are comprised 
of paralaurionite. A typical yellow paralaurionite specimen 
is shown in Figure 30.

However, paralaurionite can be colourless, white, 
or greyish, and if so cannot be easily distinguished from 
mendipite, especially where it occurs as thin tablets 
between the mendipite cleavages. Paralaurionite is therefore 
probably rather more common than currently realised.

laurionite
Given the relative abundance of paralaurionite in the 

manganese deposits, we had been expecting laurionite 
to be reasonably widespread, especially because few 
specimens have been x-rayed – most are just assumed to 
be paralaurionite. However, only two proven occurrences 
are known, the first being the Wesley Mine (Alabaster, 
1989) and the second Merehead Quarry, where laurionite 
has been identified by Tom Cotterell occurring with ‘Phase 
B’ of ‘hydrocerussite’ (q.v.). See also Figure 60 below – the 
crystal in question is unique so has been preserved rather 
than being destroyed for analysis.

As we have previously said in our Mendip update articles 
in the Russell Society Newsletter, laurionite most likely will 
not be detected by visual means, being a colourless to white 
mineral mixed with others of the same description. We do 
suspect that it too is more common than it appears, having 
simply gone undetected at other localities.

Pb fluor-Oxychloride 
The fourth confirmed Pb-only oxyhalide species is rather 

unusual and possesses a somewhat exotic chemistry and the 
formula (Pb2OF)Cl. Unusually, the fluorine replaces oxygen 
in the structure rather than chlorine, despite the difference 

figure 30. Yellow paralaurionite with diaboleite in mendipite. 
Width of view approximately 10 mm. This is the typical appearance of 
paralaurionite in the Mendips. From #1 vein at Merehead Quarry.  figure 31. The only known specimen of Pb fluor-oxychloride  

before it was broken up for analysis. The brownish mass of crystal 
aggregates can be clearly seen enclosed in ‘hydrocerussite’. 
Photograph courtesy of the Natural History Museum.
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OXYHALIDES OF Pb AND OTHER ANIONS:  
SYMESITE AND RELATED MINERALS

Symesite
Symesite, named of course for our esteemed former 

President, is another of the classic manganese-hosted Mendip 
oxychloride minerals. Symesite is a sheet oxychloride with 
a structure composed of two-dimensional sheets formed of 
interlinked O-Pb4 blocks, having an overall Pb:O ratio of 
1:1. These sheets are stacked one on top of another, with 
Cl- ions between the layers linking them together. Defects 
(holes) in the Pb-O sheets contain OH- ions and sulphate 
groups, the latter (being pyramidal) protruding “above” 
and “below” the Pb-O sheet. This structural motif (Pb-O 
sheets with defects containing other anions) is the defining 
characteristic of a number of minerals, all structurally 
related to symesite.

We have discovered that the conventional wisdom that 
‘all symesite is pink’ is incorrect. All the original material 
happens to be pink, presumably because it all came from 
a small area at Merehead Quarry which had the same (or 
very similar) chemical micro-environment throughout (see 
Turner, 2006 for an explanation). Unsurprisingly therefore, 
all the original material looks very similar. We have now 
seen symesite that is colourless, white, beige, yellowish, 
bluish, and grey during our study. An example is shown 
in Figure 32: the white mineral enclosing the prominent 
orange-brown mereheadite is symesite. There is also some 
variation in symesite chemistry (see the discussion below).

We also analysed a mendipite specimen (BM 85874) from 
the Kunibert Mine in North Rhine-Westphalia, Germany 
which contains a lens of bright pink material supposed to 
contain symesite. The resulting XRD pattern is not that of 
symesite but is closer to laurionite / paralaurionite. This may 
well be the unnamed Pb oxychloride-sulphate described by 
Rouse and Dunn (1990). Unlike symesite, their mineral had 
a nadorite-like structure, which is intriguing as we have 
also found a white Pb-oxyhalide with a similar structure 
associated with mendipite at Merehead Quarry (see under 

•	 A small amount of a fibrous white oxychloride has 
been found on a specimen of mendipite at the NHM. 
Originating from Merehead Quarry, this has a strong 
resemblance to rickturnerite (see below) but when 
analysed was found to contain only Pb, O and Cl with 
no Mg. This ‘fibrous mendipite’ is also known to occur 
on a specimen from the Kunibert Mine in Germany (BM 
85874). The phase may represent something new or may 
just be an unstudied, possibly asbestiform variety of 
mendipite. 

•	 As this article was in the proof stage, we discovered 
what appears to be a third unidentified Pb oxychloride. 
Orange in colour, it contains only Pb, Cl and O. Since 
it only occurs entirely enclosed within mereheadite, it is 
rather inconspicuous. This species is under investigation, 
but early stoichiometric results suggest that it could 
possibly be the fabled ‘‘lorettoite’’. The conditions 
that prevailed when the rickturnerite-mereheadite-
‘plumbonacrite’-cerussite-‛hydrocerussite’ assemblage 
was formed are the only place we know of where this 
phase might be stable. More work is needed to be certain 
what this material is.

A Note on Blixite – an Incorrectly Reported mineral
The mineral blixite has been reported from multiple 

Mendip localities, for many years, and by many authors. 
Unfortunately all of these reports seem to be incorrect. 
We have examined a large number of specimens of 
‘blixite’, including specimens labelled as such in museum 
collections, but to date have been unable to find a single 
genuine specimen of blixite. All have been something else, 
predominantly paralaurionite, occasionally mereheadite or 
mimetite, and on rare occasions, wulfenite. 

We suspect that much of the confusion is due to the 
fact that all of the layer-structured Pb-oxyhalide minerals 
produce XRD patterns which are “blixite-like”, and it 
is very difficult to identify what species one actually 
has just on the basis of a powder pattern. Many of the 
minerals that produce these “blixite-like” patterns have 
only been described relatively recently (e.g. symesite and 
mereheadite) so perhaps the confusion is understandable. 
Blixite itself was also redefined quite recently (Krivovichev 
and Burns, 2006).

We therefore conclude that blixite has not yet been 
shown to occur in the Mendips. If anybody has any genuine 
blixite from the Mendips, we would very much like to see it.

A Note on damaraite – Expected, But Not yet 
found

Damaraite is another Pb-only oxyhalide mineral which 
could (if not ‘should’) occur in the Mendips given the 
environmental and chemical conditions in the manganese 
pods. We mention it here to make collectors aware of the 
possibility, since it is most likely to be found as another 
glassy, colourless to white massive mineral that occurs with 
mendipite, and will almost certainly go unnoticed if not 
looked for specifically.

figure 32. White symesite surrounding brownish orange 
mereheadite. Collected in July 2005 from Bench F of Merehead 
Quarry. Width of view approximately 5 mm.
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cerussite and aragonite. Clearly, the generally accepted idea 
that ‘all mereheadite is brown’ is also incorrect. Work in 
December 2010 has also determined that a specimen from 

figure 33. Massive orange mereheadite in a calcite/aragonite 
mixture in manganese oxides. The specimen is approximately 65 mm 
by 45 mm. Collected in July 2005 from Bench F of Merehead Quarry.

figure 34. Very rare crystals of mereheadite, showing their crude habit. 
Depth of field is poor as the width of view is only approximately 
0.1 mm. Individual fibres of rickturnerite can be seen adhering to 
the mereheadite. This is from the same specimen as Fig. 35.

figure 35. Small crude crystalline masses of mereheadite with 
cerussite. Width of view approximately 0.25 mm. The green to 
white fibrous mineral at bottom right is rickturnerite. Collected in 
July 2005 from Bench F of Merehead Quarry.

‘Unidentified Pb Oxychlorides’ above). The two are clearly 
not the same since the mineral described by Rouse and Dunn 
is monoclinic and that from Merehead Quarry is triclinic. 
Investigation of this sample is continuing. 

mereheadite
Classically, mereheadite is found as massive patches of 

orange-brown to dark brown granular material completely 
filling carbonate lined cavities in manganese oxides, or 
occurring as isolated regions entirely within mendipite. The 
mereheadite found in July 2005 in a series of manganese 
pods at the top of the belt decline on Bench F of Merehead 
Quarry exhibited a much wider range of colours, from bright 
orange-yellow through to brown (Figure 33). Some of the 
lighter material was photosensitive, darkening rapidly on 
exposure to light (see Turner, 2006).

We also found distinct mereheadite crystals (Figure 
34) in mereheadite from one of these pods, which one of 
the authors (RT) had excavated using heavy earthmoving 
equipment. These crystals are very small (< 200 µm) 
and crude, with curved faces and indistinct edges but are 
homogenous and were the material used to determine the 
structure and chemistry of the species using single-crystal 
methods (Krivovichev et al., 2009). 

To our surprise, when we determined the chemistry 
and structure of mereheadite we found that – contrary to 
previously published information – it is not related to either 
paralaurionite or blixite but is really a further member of the  
‘Symesite Group’. 

Mereheadite has the same 1:1 PbO layered structure as 
symesite, but the layer defects in mereheadite are filled with 
carbonate and borate groups in a 1:2 ratio (Krivovichev et 
al., 2009). The need to accommodate the small amounts of 
these anions leads to a very complex idealised formula for 
the unit cell – Pb47O24Cl25(OH)13(CO3)(BO3)2. Unlike the 
pyramidal sulphate group of symesite, carbonate and borate 
groups are planar and to compensate for this mereheadite 
has inter-layer Pb2+ ions, the first naturally occurring mineral 
with this property. 

The positioning of the borate and carbonate groups is 
regular and ordered; clearly there is a mechanism at work 
selecting which anions go into which defect sites. We have 
distinguished these as ‘Type A’ and ‘Type B’ sites but we 
do not yet understand what the selection mechanism is. 
A similar selection mechanism is seen in a number of the 
other layered oxyhalide minerals, including some related to 
symesite, as well as others related to sahlinite.

A number of mereheadite specimens contain areas 
of massive but glassy dark orange material, and we have 
determined that these too are purely mereheadite. This type 
of massive glassy orange material has been noted before, 
but due to the small size and indistinct nature of the material 
it had not been analysed, and was often thought to be a 
mixture of mereheadite and either calcite or cerussite.

Unexpectedly, some of the white material on the 
2005 Merehead Quarry specimens was also found to be 
mereheadite – this being visually indistinguishable from 
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– powder diffraction patterns, and the intermediate steps 
show features of both types of pattern.  Further work clearly 
needs to be done on this topic. This study also corroborates 
our results, which show that colour is not a guide to 
composition or species identification in these oxychlorides: 
there is no correlation whatsoever between colour and identity. 

As a general comment, our examination of the 
oxychlorides has shown that what appear to be distinct, 
separate mineral species often form a continuum and grade 
imperceptibly from one phase to another. We have a number 
of examples, all of which seem to be different. Figure 36 
shows one such– the orange patch at left is mereheadite, 
the pink patches and pearly white surrounding material 
are symesite. Everything in between the two is also an 
oxychloride – all are clear or white, none are mereheadite 
or symesite, and there seem to be several different phases 
that we have not yet identified and which do not match any 
known mineral species. 

Is Boron Important?
In the late 1970s Bob Symes suggested that boron 

was of importance in the manganese hosted Pb deposits. 
The recent discovery of the new mineral britvinite 
(Pb7(OH)3F(BO3)2(CO3)[Mg4.5(OH)3(Si5O14)]) at Långban, 
the confirmation of borate within mereheadite, and just 
before completing this paper, the discovery of another Pb 
oxyhalide-borate mineral (which we are currently in the 
process of formally describing) and the recently approved 
mineral leucostaurite clearly indicate that there is some 
type of interrelationship between borate and oxychloride. 
It would therefore appear that the conjecture made by Bob 
Symes is correct, but further investigation of this is another 
potential PhD study and a separate project in its own right.

the NHM (BM B85874) that was thought to be symesite is 
in fact mereheadite, although it has the typical pink colour 
normally associated with symesite (Oleg Siidra, personal 
communication).

Our investigations show that orange colour variation in 
mereheadite might be tied to both a change in boron content 
and a slight change in the a-axis size of the unit cell; darker 
specimens have slightly more borate and a slightly smaller 
a-axis size. Work on the colouration of mereheadite still 
continues. Specimens collected over the past 40 years can 
be anything from canary yellow, through orange-brown 
to brownish-pink and even a dark reddish-salmon pink 
in colour. There is potential for another PhD project to 
investigate this behaviour.

Finally, the mereheadite found on Bench G of Merehead 
Quarry in July 2005 fluoresces green. The activator and 
fluorescence mechanisms are unknown; they may be related 
to the mechanism that caused some of this material to be 
photosensitive (see Turner, 2005).

discussion:  the ‘Symesite Group’
One of the authors (RT) has suspected for some years 

that there were issues with ‘symesite’ (the species), having 
seen variations in colour and chemistry etc that did not fit 
the model of a single mineral. We were dreading having to 
write a ‘symesite discredited’ paper but happily this is not the 
case; rather, we are drafting a submission to the IMA in an 
attempt to have the ‘Symesite Group’ formally recognised – 
1:1 sheet oxychlorides with layer lattice defects containing 
other anions. This is a work in progress at the present time.

In Krivovichev et al. (2009) we mentioned that it is 
possible to trace pathways between the various members 
of the ‘Symesite Group’, both the naturally occurring 
ones and hypothetical end-members. These pathways 
suggested the existence of intermediate species, but it was 
not known whether any of these would be stable enough 
to occur naturally.  Intermediate phases could arise from 
two mechanisms. Firstly, the position of lattice defects 
can ‘move’ within the Pb-O sheets.  This effect is already 
known to occur with different minerals having different 
geometrical placement of defects (see Krivovichev et al. 
2009 for more information).  Secondly, other anions could 
be hosted within the lattice defects, and we suspect that we 
have seen this effect too. An as yet undescribed mineral that 
we believe to be a third member of the ‘Symesite Group’ 
has been found in old Merehead Quarry material – it is 
white and has an XRD pattern identical to that of symesite 
but does not contain any sulphate. This mineral is still to be 
investigated in detail but we suspect that it is the carbonate 
(only) analogue. The white mereheadite referred to above 
may also be another member of the group; the colour and 
powder diffraction pattern suggest that it may be boron 
deficient but this too needs further study.

Recently, Tom Cotterell has systematically studied 
the specimens in the collections of the National Museum, 
Wales using XRD and has found evidence of more than 
one intermediate step between ‘pure’ symesite and ‘pure’ 
mereheadite. The end-members have different – and distinct 

figure 36. A striking example of the problems of studying Mendip 
oxychlorides. The small orange patch at left is mereheadite. The 
pink material just below it and centre right is symesite, as is much 
of pearly white material surrounding the pink. The very glassy 
material running as a ‘vein’ through the middle is composed of 
other Pb-oxychlorides of variable composition. Some may be 
intermediates in the ‘Symesite Group’, but others appear to be as 
yet uncharacterised. From Bench F of Merehead Quarry. Width 
approximately 15mm.
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an orange coloured oxychloride mineral that was known to 
contain V as well Mo (Figure 38). This was described at the 
time as ‘orange parkinsonite’ (Alabaster, 1989) but it was 
never studied in detail. One of the authors (MR) examined 
a specimen of this mineral which proved to be the rare 
vanadium-bearing oxychloride species kombatite. This is 
only the second world occurrence of this species (Rumsey, 
2008).

Sahlinite
Some slightly paler coloured ‘orange parkinsonite’ from 

the Wesley Mine was also examined, and this was found 
to contain As rather than V or Mo. This would make areas 
of this specimen technically sahlinite, previously unknown 
in the UK (and only the third world occurrence, the other 
two being Kombat Mine and Långban).  This material still 
needs further investigation in order to completely verify the 
occurrence and requires writing up separately in due course.

discussion

Kombatite and sahlinite are closely related, having near 
identical Pb-O layer structures with ordered defects, being 
sufficiently similar that some crystals appear to consist of 
layers of both species intercalated at a sub-micron scale, 
rather than their being a solid solution series (Welch, 2010). 
These intergrowths probably represent ordered sub-cell 
and super-cell structures. Analysing such a crystal with a 
probe will give results showing that the amount of As and 
V varies, since the beam will penetrate multiple layers 
with different compositions. Similarly, XRD will return a 
powder pattern that contains lines due to both species, with 
the relative strength of the lines being variable, depending 
on the relative abundance of the individual minerals. These 
effects probably explain the apparent variation in chemistry 
noted in the Mendip material. 

Both kombatite and sahlinite occur as bright orange to 
orange-yellow plates within calcite on specimens from the 
Wesley Mine, but during this study similar looking material 
in much smaller fragments has been observed within 
mendipite on specimens from both Merehead Quarry (BM 
1987,421) and Higher Pitts Mine (BM1998,210). 

OXYHALIDES OF Pb AND OTHER ANIONS: 
THE ‘KPS MINERALS’ KOMBATITE, 
PARKINSONITE, AND SAHLINITE

Parkinsonite
Parkinsonite is yet another of the classic Mendip 

oxychloride minerals, originally discovered at Merehead 
Quarry in 1990 by Reg Parkinson (Symes et al., 1994), and 
shortly thereafter identified in material from the Wesley 
Mine that was first described in Alabaster (1989). During 
this study we located a single specimen of parkinsonite on 
an unregistered NHM specimen (K884) from “Priddy”, 
bringing the number of known Mendip localities to three. 

Parkinsonite normally occurs as minute pillar-box red 
flakes in mendipite (Figure 37) and this is the description 
given in mineralogical publications. However, we have 
noted parkinsonite that is dark brown and black in colour, 
and this – coupled with the widespread occurrence of Mo 
in the manganese deposits – suggests that parkinsonite may 
be more widespread than currently thought and has gone 
unrecognised.

Parkinsonite has also been found to occur in specimens 
labelled as being from Tsumeb, although we suspect that 
these may actually have originated at the Kombat Mine, 
for three reasons: (1) chemical conditions at Tsumeb do 
not seem to allow for the formation of these oxychlorides, 
which require very specific conditions; (2) parallels have 
already been drawn in this study between the Mendips and 
Kombat Mine, where the appropriate conditions did exist, 
and (3) it was common practice in Namibia for miners and 
others to label specimens from Kombat and other localities 
as being from Tsumeb in order to ‘enhance’ their monetary 
value). Interestingly, parkinsonite on a ‘Tsumeb’ specimen 
recently studied at the NHM occurs with a fibrous Pb-Mg 
oxychloride that we believe might be rickturnerite, being 
both a third occurrence of that mineral and an additional 
fact to suggest Kombat Mine as the true locality, as an 
extremely high pH is required to form this new oxychloride.

Kombatite
The specimens from the Wesley Mine also contained 

figure 37. Red parkinsonite with black plattnerite from Merehead 
Quarry, specimen BM 1994,217.  Photograph courtesy of the Natural 
History Museum.

figure 38. Kombatite from the Wesley ‘Mine’. The orange grain 
is approximately 2 mm long. Photograph courtesy of the Natural 
History Museum.
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minerals Containing Pb-As-O-Cl: Oxychlorides
A number of unusual Pb-As oxychloride species occur in 

the Mendips. Kombatite and sahlinite have been discussed 
already.

Another ‘sahlinite-like’ phase, found on a very small 
number of specimens (<20 from some hundreds of 
specimens studied) is different (Figure 67). It seems to 
be very closely related to sahlinite and kombatite, but the 
chemical composition is slightly different – specifically in 
terms of the amount of Cl present. Both As (“sahlinite-like”) 
and V (“kombatite-like”) dominant examples are already 
known, and these may represent new minerals, perhaps 
being a further as yet unrecognised structural variation of 
the layered 1:1 sheet Pb-oxychlorides.

Finally, a fifth chemically separate Pb-As-O-Cl phase 
is present, having a Pb:As:Cl ratio of 15:1:1 which does 
not match any known mineral. It is not known if this is 
a new mineral, a disordered or ordered (superstructure) 
intercalation of many litharge layers with the occasional 
arsenic-rich ‘sahlinite’ layer thrown in, or a disordered 
mixture. The only known sample is small and it has not 
proved possible to get satisfactory x-ray data. Investigation 
is continuing.

Ecdemite has been reported as occurring at Merehead 
Quarry (Morse, 2002) but we have not seen this mineral.

discussion

Taken collectively, the data on the Pb-As-O-Cl phases 
above suggests that there is a related series of minerals 
containing these elements, running from a lead chloro-
arsenate at one end of the series to an arsenical lead 
oxychloride at the other. The most obvious end members 
of such a series are mimetite and an arsenian mendipite, as 
can be seen in Figure 2. The chemical formula shown in that 
figure for mimetite differs from the one usually found in 
mineralogical publications; it reflects chemistry calculated 
from structural data (Baikie et al., 2008) and is used here 
as it highlights the relationship of mimetite to oxychloride 
type minerals.

With the exceptions of mimetite and hedyphane, all 
the Pb-As-O-Cl phases and their structurally related Pb-
V-O-Cl phases are sheet oxychlorides, with layers that 
contain defects. a situation analogous to that existing in the 
‘Symesite Group’. However, in the KPS minerals the defects 
are formed of ‘staggered double squares’ (as contrasted 
with the simple square holes of the symesite minerals), each 
containing a pair of anion groups. The various other phases 
that we have found perhaps also represent intermediate 
states between end-members that include sahlinite and 
kombatite, with the variations in chemistry perhaps being 
due to changes in defect position, the presence of a small 
amount of disorder in the defects (as seen in parkinsonite), 
or by the substitution of one anion, such as OH, for another 
in some defect sites.

latest discovery

Whilst this article was being refereed, we discovered 

Parkinsonite is more distantly related. It has a Pb-O layer 
structure but with different, disordered defect positions. 
Interestingly however, analysis of the Wesley Mine material 
indicates the presence of Mo within kombatite which 
suggests that parkinsonite too occurs intergrown with the 
kombatite-sahlinite composites. All these intergrowths 
require more study – another large task in itself.

OXYHALIDES OF Pb AND OTHER CATIONS: 
As AND V

minerals Containing Pb-As-O-Cl: mimetite 
and hedyphane

Mimetite is common throughout the Mendip Hills, 
most obviously when it forms typical prismatic hexagonal 
crystals (Figure 39). Usually these are pale yellow, but are 
found in a surprisingly wide range of colours. Apart from 
the usual yellow, we have seen tints of white, brown, beige, 
orange, red, bluish-grey, and green. Irrespective of colour, 
all the specimens that we have analysed have a near end-
member arsenate composition. Mimetite also occurs as a 
massive, glassy yellow mineral forming blobs in mendipite 
and calcite, and as glassy to powdery yellow patches on 
calcite and in fissures and cavities in manganese oxide. 

Related to mimetite is the mineral hedyphane, where 
Ca replaces some Pb in the structure. This species occurs 
extremely rarely at Merehead Quarry where it is found 
as pale beige crystallites in mendipite, along with one of 
the unidentified Pb-As-O-Cl phases described below.  
Hedyphane has also been independently identified from 
Merehead Quarry by Dave Green.

In passing, we have not seen any genuine pyromorphite 
whatsoever from the manganese deposits. All the green 
hexagonal crystals have been mimetite with a near end-
member arsenate composition irrespective of their colour. 
It is worth noting that work in the soil science area 
indicates that the presence of Mn2+ inhibits the formation 
of pyromorphite (Aide and Huff, 2007) and this probably 
explains the absence of this mineral.

figure 39. Well developed crystals of yellow mimetite. Each 
crystal is approximately 0.5 mm long. From Bench G of Merehead 
Quarry, collected in June 2006.
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survive; those that do were known to Spencer before he 
published his 1923 paper describing chloroxiphite as a “new 
mineral from Higher Pitts Mine”. Spencer mentions these 
Churchill specimens in that paper but makes no mention 
of the locality in connection with chloroxiphite, so clearly 
no specimens had been seen by him. We have not located 
any examples of chloroxiphite from Churchill during this 
study, nor any specimens of mendipite from there to contain 
it, as we discussed under ‘secondary ores’ earlier in this 
paper. We have also been unable to locate any verifiable 
primary references, although we have not yet undertaken an 
exhaustive search.

Rickturnerite (ImA 2010-034)
A new oxychloride related to chloroxiphite was 

discovered at Merehead Quarry in July 2005, in a manganese 
pod at the top of the belt decline on Bench F of Merehead 
Quarry. Pale green and fibrous in appearance, it occurs 
intimately associated with mereheadite and ‘plumbonacrite’ 
(see Figures 41 and 42, also Figure 46). Chemically this new 
mineral has the ideal formula Pb7O4[Mg(OH)4](OH)Cl3, 
and structurally, it contains chains of Pb3O2 tetrahedra with 

yet another previously unknown oxychloride. This is an 
intermediate between symesite and kombatite, linking 
these two sets of minerals. It has the formula [Pb32O21]
(AsO4)2(VO4)2Cl12 and the structural analysis leaves 
no doubt that this is a distinct species (as opposed to an 
intercalated mixture of minerals). It represents the first 
known stable intermediate species in the KPS minerals.

This mineral has an extremely complex structure, with 
each Pb-O sheet composed of alternating ‘stripes’ of single-
square ‘symesite-type’ defects and double-square ‘sahlinite-
type’ defects. This extends the ‘Symesite Group’ structure 
into the KPS minerals. 

This new mineral is currently in process of being 
submitted to the IMA for approval.

CHLOROXIPHITE AND RELATED MINERALS

Chloroxiphite
Chloroxiphite is another of the signature minerals of the 

Mendip manganese deposits, having been described from 
Higher Pitts Mine by Spencer and Mountain (1923). It has 
since been found at Holwell Quarry, Merehead Quarry, 
and the Wesley Mine.  Chloroxiphite only occurs when 
completely embedded in mendipite (Figure 40), as bladed 
crystals of a dark olive-green colour. During our study work 
was done to refine the structure of chloroxiphite and place 
this into the generic oxo-centric framework used for all 
oxyhalide structures (Siidra et al., 2008). Chloroxiphite is a 
chain oxychloride, formed from chains of Pb3O2 tetrahedra 
identical to those found in mendipite, with Cu-OH-Cl 
groups located between the chains.

When chloroxiphite decomposes, it often creates a 
powdery light blue coating of diaboleite.  One specimen from 
Merehead Quarry also shows the presence of cotunnite (q.v.) 
in the decomposition halo and within the powdery diaboleite.

We regard the occurrence of chloroxiphite at Churchill 
reported in Palache et al. (1951) as doubtful. The mines at 
Churchill are ancient and very few specimens from there 

figure 40. Chloroxiphite and diaboleite from the type locality for 
both species, the Higher Pitts Mine at Priddy. The white material is 
mostly mendipite. Width of view approximately 6 mm. This specimen 
has passed through the collections of Larry Conklin and the American 
Museum of Natural History. Now in Rick Turner’s collection.

figure 41. Green and white fibres of rickturnerite, a new Pb-Mg 
oxychloride discovered at Merehead Quarry in July 2005. Width 
of view approximately 6 mm.

figure 42. The white form of rickturnerite, associated with 
diaboleite. From Merehead Quarry. Width of view approx 1.5 mm.
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other species are found enclosed within cerussite crystals; 
we have seen this with diaboleite and with a platy red-
brown mineral (which is probably goethite). Cerussite also 
occurs as a white outer ‘rind’ on ‘hydrocerussite’ crystals. 
The two minerals have adjacent stability fields, and often 
occur together. Specimens that contain successive layers of 
cerussite and ‘hydrocerussite’ indicate that environmental 
conditions oscillated around their solidus point; this was 
most likely due to fluctuations in the amount of CO2 available 
in solution, ‘hydrocerussite’ forming when carbonate ions 
were depleted and cerussite when carbonate was abundant. 
Given that the manganese deposits are limestone hosted, it 
is not surprising that cerussite is the most common of the 
phases to be found. However, once formed, both minerals 
are stable at ambient temperatures and pressures, and so still 
occur together.

Some cerussite specimens collected from a manganese 
pod on Bench G of Merehead Quarry in late 2006 show 
an unusual blue-white fluorescence under shortwave UV 
illumination. This is anomalous – cerussite does not usually 
fluoresce – and the colour is unusual. The cause has not yet 
been investigated.

‘hydrocerussite’ – Another Puzzle
‘Hydrocerussite’ is a well-known mineral from the 

Mendips, although it is rare elsewhere, and has been 
known to occur here since Spencer and Mountain (1923).  
Given that ‘hydrocerussite’ has been studied by a number 
of people and several papers written, it was assumed that 
this was a well-defined and well-known mineral. However, 
a discovery of unusual green ‘hydrocerussite’ (Figure 45) 
on the Society field trip to Merehead Quarry in July 2005 
prompted us to test the material, and we found to our surprise 
that it gave a different XRD pattern to ‘hydrocerussite’. The 
EDX chemistry proved to be identical so it seems that there 
may be two polymorphous forms.

The dominant phase, which we have called ‘Phase 
A’ (Figure 44) most closely represents the conventional 
definition of ‘hydrocerussite’, and from the limited data that 
we have seems to comprise ~60 % of the known material. 

(Mg)[OH]6 octahedra and associated Cl ions in place of the 
analogous Cu-OH-Cl groups of chloroxiphite. The green 
colouration is due to a small amount of Cu replacing Mg; 
when pure, the mineral is whitish-grey.  This species and 
name have been approved by the IMA Commission on New 
Minerals, Nomenclature and Classification (CNMNC) (see 
Rumsey et al., 2010).

After we had investigated and described this mineral 
from Merehead Quarry, we were analysing specimens 
from the Wesley Mine and discovered that the ‘unknown 
fibrous oxychloride’ that occurs there (Alabaster, 1989) was 
the same phase. The yellowish-grey colour of the Wesley 
Mine material appears to be due to the decomposition of 
rickturnerite and is presumably caused by a coating of Pb-
oxide or carbonate. The Wesley Mine therefore becomes the 
second known locality for the species.

Just before this paper was submitted, a specimen from 
“Tsumeb” was sent to the NHM for identification of a 
red material, which proved to be parkinsonite (q.v.). This 
occurred with a fibrous white Pb-Mg-O-Cl phase, which at 
this early stage, appears to be identical to rickturnerite from 
Merehead Quarry and the Wesley Mine. This would thus be 
the third occurrence of the mineral, but as discussed under 
parkinsonite, we suspect that there is a strong likelihood 
that the true locality of the specimen is Kombat Mine.

CARBONATES AND OXY-CARBONATES OF Pb

Cerussite
Cerussite is the most common secondary Pb mineral 

found in the manganese deposits; it is the most stable phase 
when Pb2+ and abundant carbonate ions are in solution under 
the environmental conditions prevalent during the formation 
of the manganese pods. Cerussite most commonly occurs 
as massive, grey to white aggregates forming veinlets and 
larger masses within the manganese oxides. In this mode of 
occurrence, it is often intergrown with aragonite. Cerussite 
within the Mn oxide matrix can be black and brown due to 
included Mn and Fe oxides.

Where cavities exist, cerussite readily crystallises in a 
variety of prismatic forms (Figure 43). These make attractive 
specimens and micromounts. Occasionally crystals of 

figure 43. A 2 mm prism of cerussite on calcite. Bench F, 
Merehead Quarry.

figure 44. A 0.3 mm crystal of ‘hydrocerussite’ showing how the 
pseudo-hexagonal form is built up from twinned trigonal plates. 
Larger crystals contain intercalated layers of at least two different 
mineral phases.  From Bench F of Merehead Quarry.
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different X-ray pattern. However, the structure proved too 
difficult to solve and so the project was dropped. This was 
presumably Phase B, as we have defined it.

‘Plumbonacrite’
Although not currently accepted as a valid mineral by the 

IMA, ‘plumbonacrite’ occurs naturally at Merehead Quarry 
in association with mereheadite and rickturnerite. It forms 
straw yellow, hexagonal bipyramidal crystals to around 4 
mm with occasional larger composite clusters (Figure 46).

The formation conditions of ‘plumbonacrite’ are very 
limited (see e.g. Williams, 1990) and show that a pH 
of around 13 must have existed in the deposits when the 
mineral was formed. To date, ‘plumbonacrite’ has only been 
found as euhedral crystals enclosed in either mereheadite 
or rickturnerite, so presumably it formed early on as the 
extreme alkalinity indicates conditions at the start of mineral 
formation (see Turner, 2006). 

The natural occurrence of ‘plumbonacrite’ at Merehead 
Quarry (and also at a small number of other non-UK 
localities) suggests that it should be re-instated as a valid 
mineral, and a paper to this effect is being prepared.

HALIDES OF Pb

Cotunnite
Cotunnite is present on one specimen from Merehead 

Quarry in very small amounts as minute white grains 
associated with massive diaboleite, the latter appearing a 
very light blue presumably due to the fine grain-size of the 
material. The cotunnite is visually unremarkable and was 
only detected analytically. It is likely that this is another one 
of the minerals that is more common than supposed, going 
unrecognised most of the time. 

It is worth noting however that analyses of many other 
massive blue diaboleite specimens have yet to produce a 
further cotunnite XRD pattern.

The presence of cotunnite indicates a pH of 3 was 

A second phase, which we have imaginatively called ‘Phase 
B’ (Figure 45) is visually indistinguishable from the Phase 
A but has a significantly different powder pattern, and 
therefore structure, and appears to represent another new 
mineral. Phase B comprises most of the remaining ~40 % 
of the known material overall, but seems to predominate 
in the green material, which is probably the cause of this 
material’s unusual appearance. Separately, Phase B has 
been recently identified as distinct white crystals having a 
platy appearance (Tom Cotterell, personal communication, 
May 2010).

We have also seen a third phase in some of the XRD 
results, which we have called ‘Phase C’. This phase 
appears to have a much larger c-axis than either of the 
preceding phases. We have not investigated this yet but 
we suspect that some type of super-cell mechanism is 
present. This phase is very uncommon, representing  
<<1 % of the known material. This too may be a new 
mineral, but we are not sure about this yet. It is possible 
that it represents the true (ordered) structure of Phase A or 
B (or both?) rather than a subcell. Considerable structural 
work will be needed to resolve this question. It is clear that 
‘hydrocerussite’ needs some in depth re-analysis.

Finally, there are hints that a fourth phase, ‘Phase D’, 
might exist. We have a very few XRD results that do not 
match any of the preceding three phases. They are clearly 
something different, but we don’t know what, at this point.

Phases A and B at least occur naturally intimately 
intergrown as layers within ‘hydrocerussite’ crystals thereby 
explaining at least some of the variation in bulk chemical 
analyses. Unfortunately however, the original descriptions 
of ‘hydrocerussite’ appear to have been performed using 
(different) mixtures of Phases A and B, and therefore are 
suspect. The component phases require detailed study 
and the species ‘hydrocerussite’ almost certainly requires 
redefinition. This is another large project in its own right.

Tests in the 1980s at the NHM indicated that there was a 
‘hydrocerussite-like phase’ in the Mendips which is visually 
identical, with an identical chemistry, but a completely 

figure 45. The unusual green ‘hydrocerussite’ found on Bench 
F of Merehead Quarry during the Society field trip there in July 
2005. This material is phase B of ‘hydrocerussite’. Width of view 
approximately 10 mm.

figure 46. A 0.5 mm yellow bipyramid of plumbonacrite, which 
was entirely surrounded by rickturnerite in a small cavity. The 
orange mineral is mereheadite. From Bench F of Merehead 
Quarry, collected in July 2005.
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chloroxiphite. It is not always clear whether the diaboleite in 
this type of occurrence is a primary mineral, or a secondary 
one that results from decomposition of chloroxiphite. On 
a phase diagram the stability fields of these two minerals 
overlap, so it is possible that environmental conditions 
fell around common point of these diagrams, leading to 
the direct formation of both minerals. One such specimen 
studied also contained cotunnite (q.v.) in association with 
the diaboleite.

Copper and Cuprite
Several specimens containing copper and cuprite are 

held within the NHM collections. Material from Merehead 
Quarry and Priddy (and a specimen possibly also from 
Holwell Quarry) show small bright red lustrous irregular 
grains of both minerals, often intergrown with each other 
in areas up to 2 mm × 5 mm in extent (Figure 48). They 
are associated with malachite and ‘crednerite’ in calcite, 
baryte and cerussite filled fractures and small cavities 
within the Mn-pods. There is a general association of the 

present, at least locally. This is extremely acid and represents 
the very last stages of mineral formation.

OXIDES OF Pb
Plattnerite has been found at Higher Pitts Mine, 

Merehead Quarry, and the Wesley Mine (Alabaster, 1985b) 
but is probably also more common than reported, as it 
generally occurs as unremarkable clumps and coatings of 
massive to crystalline material of a brown to black colour 
and is thus very similar in appearance to the various Mn-
oxides. The occurrences at all three localities are very 
similar, suggesting that formation conditions were similar. 
Fluid inclusion studies on the plattnerite containing suite 
of minerals from the Wesley Mine indicates that the 
temperature of deposition was between 60 °C and 68 °C 
(Alabaster, 1985b).

Plattnerite forms as an alteration product of lead 
oxychlorides, particularly mendipite, as well as by 
alteration of ‘crednerite’. It is therefore preferentially 
located along hairline fractures and cleavage planes in these 
minerals as well as on the margins of oxychloride nodules 
between the mendipite and the manganese oxide matrix. 
Plattnerite most often occurs as thin black to dark red films, 
but where these are thicker they may display apparent 
crystal faces on the film surface.  Between the plattnerite 
and unaltered mendipite a zone of spongy oxychloride 
material often occurs. This region sometimes contains small 
euhedral crystals of diaboleite along with ‘crednerite’ and 
chloroxiphite. Plattnerite appears to alter to cerussite. 

Some coatings have a slightly different appearance, 
having a distinctly red-brown tint to the black colour. It 
is possible that these are either litharge or scrutinyite, but 
we have not found sufficient material to make a definitive 
identification. 

MINERALS CONTAINING Cu

diaboleite
Diaboleite is another of the minerals first described 

from the Mendips by Spencer and Mountain (Spencer and 
Mountain, 1923). Although not an oxychloride (the oxygen 
is in the form of OH) it is closely related and occurs in the 
same environment. Diaboleite occurs both as a primary 
mineral, and in secondary form as an alteration product of 
chloroxiphite.

As a primary mineral, diaboleite is generally found as 
small crystalline grains and masses but occasionally as 
relatively well formed minute crystals (Figure 47). Most 
commonly, diaboleite occurs as granular to crystalline 
blue masses within mendipite, often associated with 
paralaurionite. We also have seen crystals of diaboleite 
enclosed within cerussite and calcite, and therefore it must 
have formed relatively early in the paragenetic sequence. 
Small crystals of diaboleite have recently been found 
occurring within masses of white rickturnerite fibres.

Diaboleite also occurs as one of the secondary phases 
accompanying altered chloroxiphite, when it is typically 
found as a pale blue powdery material surrounding 

figure 47. An unusually well formed, tiny crystal of diaboleite 
from Merehead Quarry. The crystal is 0.25 mm on a side. Alastair 
Napier specimen. Photograph by David Green.

figure 48. Cuprite from Priddy, associated with malachite in Mn-
oxides. We suspect that this represents relict primary hydrothermal 
copper mineralisation. Width of view approx 10 mm. Photograph 
courtesy of the Natural History Museum, specimen BM 2009,141.

33



Journal of the Russell Society (2010)

Other minerals
Dolomite has been discussed under carbonates and 

rickturnerite in the section on oxyhalides.

MINERALS CONTAINING Al

dundasite and Alumohydrocalcite
Four specimens of a white fibrous material thought to 

be dundasite were collected at Merehead Quarry in the late 
1970s by well-known mineral dealer Richard Barstow, and 
the original identification was confirmed at the time by E.E. 
Fejer at the then BM(NH).  A sample of this material was 
provided to the authors by Neil Hubbard and was examined 
by fragment and whole sample VP-SEM and XRD in 
October 2006, when it was found to consist of calcian 
dundasite intergrown with plumbian alumohydrocalcite 
(Figures 49 and 50).  Dundasite occurs as thick pale blue 
to grey-white fibres <0.4 mm long associated with wispy 
white hairs of plumbian alumohydrocalcite and calcite in 
cavities in manganese oxide matrix.

This is the first occurrence of both dundasite and 
alumohydrocalcite in the Mendips, and to date no other 

copper and cuprite on the same suite of specimens that 
contain fine velvety crystalline brown goethite in cavities 
and massive pinkish baryte within the cavities and fractures. 
Pb secondary minerals tend not to be as common in the 
areas where cuprite is found. However in one example 
(BM 1988,246) grains of cuprite are found in a small cavity 
dominantly filled with cerussite, and on this occasion the 
species is associated with diaboleite and a further bluish-
green mineral that has not yet been examined. 

In the only Higher Pitts Mine specimen known to 
the authors to contain cuprite (BM 2009,144) it is found 
as a single bleb some 5 mm in size in a porous region of 
manganese oxide. Cuprite is coated with malachite, on the 
rim of a cavity filled with cerussite.

discussion

The presence of cuprite is interesting in that it implies 
that a highly oxidising environment existed at some point 
in time; this also being required for the formation of 
‘crednerite’ (q.v.). This type of environment does not fit well 
with those known to have existed during the formation of the 
manganese pods, and suggests that cuprite may originally 
have been associated with the hydrothermal activity rather 
than the manganese pods, the blebs now remaining being 
relict hydrothermal ore. This certainly appears to be the 
case at Moons Hill, where Kingsbury (1941) records cuprite 
as being associated with the quartz veins.

Unidentified Cu-Cl Phase (BM 2010,90)
An as yet unidentified Cu-Cl phase has been seen on a 

single specimen from Priddy. Blue-green in colour, it forms 
tiny crystalline balls associated with a botryoidal Mn-oxide 
and diaboleite within a single cavity in massive cerussite. 
Qualitative analysis shows the presence of only Cu and Cl, 
but it was not possible to be certain whether or not other 
anions such as OH- or CO3

2- are present. We suspect however 
that it is most likely to be a member of the atacamite group. 

MINERALS CONTAINING Mg

Brucite and hydromagnesite
Brucite was collected from the #2 vein at Merehead 

Quarry in 1986 (Alabaster 1987) where it filled the centre 
of two small calcite lined cavities. Brucite decays to 
hydromagnesite in both known specimens, numbers B3624 
and B3625 at Bristol University Museum of Geology. 
Brucite is associated with ‘hydrocerussite’ on one specimen, 
where it is a brownish-green colour. The other specimen is 
a pale green. The colour variation seems to be due to the 
presence of differing amounts of Fe and Mn.  

The presence of brucite is another indicator of highly 
alkaline conditions existing in the manganese pods at the 
time the mineral was formed.

Sepiolite
A whitish powdery Mg-silicate phase tentatively identified 

as sepiolite occurs with fornacite (q.v.) in the manganese pods 
that were excavated at Merehead Quarry in July 2005. 

figure 49. SEM image showing thick fibres of dundasite with 
much finer hair-like crystals of alumohydrocalcite up to 0.4 mm 
in length. From Merehead Quarry, probably #2 vein. Photograph 
courtesy of the Natural History Museum.

figure 50. Sprays of dundasite and alumohydrocalcite crystals on 
calcite and cerussite. Same specimen as Figure 59. Width of view 
approx 1 mm.
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mottramite and duftite
A single specimen containing some unusual blocky 

crystals of a slightly olive-green yellow colour was collected 
by Bob Symes and Alan Criddle at Merehead Quarry, and is 
now in the NHM collection as BM 1988,227.  The specimen 
has been analysed and found to be a vanadian duftite.

A second specimen at the NHM (BM K884) from Higher 
Pitts Mine was also found to have a similar occurrence of 
blocky crystals, but with a darker green colour (Figure 
52). Analysis has shown that these are mid-way between 
duftite and mottramite, containing both As and V analogues 
respectively.

MINERALS CONTAINING Cr

fornacite
Fornacite was found at Merehead Quarry in July 2005, 

occurring as minute greenish-brown to brown crystals and 
crystal rosettes, the latter exceptionally up to about 0.5 mm 
across but mostly less than 0.1 mm in size. Individual crystals 
are typical ‘spear’ shaped laths with curved faces (Figure 53). 
Fornacite was positively identified by XRD and probe analysis, 
initially by David Green at Manchester Museum (Green, 
2006) and separately by the authors during this study.

examples of either species have been found. Four specimens 
in total are known; one has been deposited at the NHM and 
the other three are in private hands. EDX analysis of the 
trace (heavy metal) element content of the manganese oxide 
matrix suggests that the specimens originally came from the 
#2 Vein at Merehead Quarry.

East harptree

The unusual suite of aluminium minerals occurring at 
East Harptree has already been discussed in the section on 
secondary ores, since they appear to be associated with that 
suite rather than with the manganese pods.

MINERALS CONTAINING V OR As, 
EXCLUDING OXYHALIDES

Four minerals containing essential vanadium are known 
from the Mendips. Two of these, kombatite and the unknown 
Pb-V-O-Cl phase, are discussed in the oxychloride section. 
The remaining two V-bearing minerals are vanadinite and 
mottramite; duftite, the As analogue of mottramite, also 
occurs.

vanadinite 
Vanadinite is not common in the Mendips, occurring 

only where the manganese oxides happen to contain enough 
adsorbed vanadium, and is recorded from three localities – 
Merehead Quarry, Stancombe Lane Quarry, and the Wesley 
Mine.

Vanadinite from Stancombe Lane Quarry and the 
Wesley Mine have the usual orange colour, but vanadinite 
from Merehead Quarry is atypical of the species. Three 
Merehead Quarry specimens are known. The first consists 
of micron-sized yellow-orange patches in mimetite where V 
> As. The second contains prismatic white crystals to 3 mm 
in Mn-oxide rich carbonate matrix (Figure 51) and the third 
is a similar specimen, with the prismatic crystals coloured 
very pale green by the presence of copper. The latter two 
specimens are stored at the NHM under accession numbers 
BM 2010,91 and 92.

figure 51. Vanadinite from Merehead Quarry, forming atypical 
white crystals to 3 mm in length.  Vanadinite is very rare here, and 
only two specimens are known with visible crystals – the second 
is coloured green by copper. Width of view approximately 15 mm. 
Photograph courtesy of the Natural History Museum.

figure 52. Mottramite and duftite on specimen BM K884 
from Merehead Quarry. Width of view approximately 10 mm. 
Photograph courtesy of the Natural History  Museum.

figure 53. Crystals of fornacite from the 2005 Merehead Quarry 
discovery, showing the typical green-brown colour and ‘spear’ 
shaped crystal morphology of this mineral. The largest crystal is 
approximately 50 µm (0.05 mm) in length.
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Fornacite crystals are very small and unobtrusive, and 
can potentially be confused with mimetite. This, plus their 
discovery on old specimens, suggests that the mineral may be 
present on other specimens but has simply gone unnoticed.

MINERALS CONTAINING Mo
wulfenite 

Wulfenite is relatively widespread throughout the Mendips, 
although generally in tiny amounts. Being the most thermo-
dynamically stable phase under most conditions for Pb- and Mo-
containing ions in solution together, wulfenite will therefore 
form in preference to other minerals. This explains both the 
relative abundance of wulfenite and scarcity of parkinsonite, 
the latter clearly needing special conditions to form.

Mendip wulfenite is normally found as blades wholly 
enclosed within carbonates, generally calcite or aragonite 
but occasionally cerussite (Figure 54). Predominantly pale 
yellow to orange in colour, most blades are <3 mm in length, 
but on two occasions we have seen them as large as 75 mm in 
length by 6 mm thick. These larger blades were all of a darker 
orange brown colour. Both occurrences were in Merehead 
Quarry material: one specimen at the NHM contains a 
single, large, broken blade. The other was in a manganese 
pod excavated on Bench G in 2006, but unfortunately, this 
specimen had been shattered in situ by blasting.

Euhedral, free-standing crystals of wulfenite appear to 
be very rare in the Mendips but they do occur. The vast 
majority of those that we have seen have taken the form of 
simple thin plates of a honey-brown colour (Figure 55). The 
apparent rarity may be due to their fragility, which makes 
them unlikely to survive a quarry blast.

Very small euhedral crystals have been noted by a 
number of authors (see e.g. Spencer and Mountain, 1923; 
Kingsbury, 1941 and Alabaster, 1988) at a variety of 
localities. It seems likely that small crystals such as these 
are widely distributed throughout the area, but being so 
small tend to go unnoticed. These much smaller crystals 
seem to be equant in habit, rather than platy.

Fornacite appears to have been one of the last minerals 
formed and euhedral crystals occur on the surface of 
cerussite crystals, these in turn encrusting the euhedral 
calcite crystals which comprise the original cavity lining. 
Some fornacite crystal aggregates occur largely embedded 
within a whitish powdery Mg-silicate phase, probably 
sepiolite. Botryoidal aggregates of malachite crystallites 
occur in close proximity to the fornacite. Cavities containing 
mereheadite, ‘plumbonacrite’ and rickturnerite occur 
adjacent to those containing fornacite, and yellow prisms 
of mimetite are present in some cavities. The original 
specimens came from the manganese pod discovered by the 
Russell Society in June 2005 and more material was later 
recovered by RT from adjacent manganese pods in July 
2005. These later specimens are a darker brown colour, but 
a cursory look at separated fragments using EDX methods 
revealed no immediately obvious differences in chemistry.

This was the first occurrence of fornacite in the UK, 
and at the time of writing, Merehead Quarry is the only UK 
locality for this mineral. It is extremely rare at Merehead 
Quarry and less than twenty specimens are known, most 
having just a few crystals on. Fornacite is the only chromate 
mineral from the Mendips; such ‘exotic’ chemistry is rare 
and represents the end result of formation in a chemical 
micro-environment rich in chromium (see Turner, 2006). 
Specimens from the 2005 find have been deposited at the 
Natural History Museum, the National Museum, Wales, and 
Manchester University Museum.

Subsequent examination of old material in the collection 
of the NHM led to the discovery of very similar crystals 
on two other specimens. Qualitative EDX analysis of small 
broken fragments removed from the two specimens in 
question showed that only Pb, Cu, As and Cr were present. 
One analysis showed a slight substitution of P for either As 
or Cr; this is noteworthy as this is the only time that P has 
been detected in any mineral within the manganese pods. 
The colour of these older crystals is best described as a murky 
mustard-yellow with hints of brown, orange, and green. 

On the two old specimens at the NHM fornacite 
occurs in cavities containing an intergrowth of Pb-
phases dominated by lime green ‘hydrocerussite’ (visual 
identification), brittle mendipite (visual identification), an 
as yet unidentified fibrous grey Pb-oxychloride (EDX) and 
brittle black ‘crednerite’ (EDX), all of which are within an 
Mn-oxide cavity. Other associated minerals are present in 
smaller quantities, including malachite crystals associated 
with ‘crednerite’, calcite forming the initial coating of 
the cavity, mimetite in two different forms in the Mn-
oxide around the cavity edges, cerussite coating the lime 
green ‘hydrocerussite’ blades, and a few single flecks of 
parkinsonite (EDX) occurring as small inclusions within 
the ‘hydrocerussite’, leading to an infrequent red-brown 
colouration of the lime green plates. Some other red flakes 
were analysed as they were potentially further Cr bearing 
phases but EDX revealed them to be an undetermined red 
iron-oxide phase, possibly lepidocrocite. There are further 
specimens within the duplicate and main NHM collections 
that have the lime green ‘hydrocerussite’ assemblage, and these 
may upon inspection contain further specimens of fornacite.

figure 54. A honey-yellow crystal of wulfenite approximately 25 
mm long enclosed within pink aragonite and white cerussite. From 
the manganese pod excavated on Bench G of Merehead Quarry in 
June 2006. The specimen is now at the NHM.
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streak in unusually sugary mereheadite (Figure 56). Under 
high magnification, this streak can be seen to be formed of 
both fibres and minute, distinct elongated prismatic crystals 
<50 µm in length (Figure 57) which may be deeply striated 
across the prism faces. These small crystals are all oriented 
in roughly the same direction. The visual appearance 
(high RI and adamantine lustre) coupled with the similar 
physical appearance (wispy fibres) and co-occurrence with 
rickturnerite in the latter’s paragenesis lead us to wonder if 
this new phase may be related to this mineral in some way. 
This Co-bearing phase is currently under investigation.

CLAY MINERALS
Saponite occurs as a powdery white to grey to brownish 
material with a typical clay-like appearance (Tom Cotterell, 
personal communication) as a rare constituent of the outer 
zone of silicified manganese pods excavated at Merehead 
Quarry in June 2006 (Figure 58).

Similarly, a pink, amorphous material found in some 

MINERALS CONTAINING Si
A phase containing Pb-Si-S has been seen, forming 

minute hexagonal prismatic crystals. We suspect that this will 
turn out to be mattheddleite, but there is currently insufficient 
material to prove it. A silicate phase of this composition has 
been noted a number of times in the past (see e.g. Symes, 1986) 
but never in large enough quantities to work on.

We also believe that asisite should occur in the Mendips, 
although to date this species has not been confirmed. We 
would expect it to be an unremarkable mineral, being 
another massive, glassy and white to colourless mineral in 
with such things as cerussite, calcite, and mendipite, and 
therefore likely to have gone unnoticed if it does occur.

MINERALS CONTAINING Co

Pb-mn-Co-O-Cl Phase
Whilst this paper was in review, we discovered a phase 

which contains cobalt, and being the only material from the 
manganese deposits to do so it is thus worthy of note in 
its own right. Probe analysis shows the phase to contain Pb 
>> Mn >> Co > Cu, Cl, Na > Si > O but there appears to be 
insufficient Cl and O for this to be an oxychloride: it is possibly 
a carbonate phase of some type (a microprobe cannot detect 
light elements such as carbon, so they remain ‘invisible’).

This material occurs at Merehead Quarry in 
an assemblage containing a silvery, platy mineral 
(probably ‘hydrocerussite’), mereheadite, rickturnerite, 
‘plumbonacrite’, cerussite, diaboleite, a reddish-brown 
acicular material, and a fibrous to acicular grey-white 
material that we are still investigating. 

The material occurs in two forms. The first form appears 
as sparse, minute bronze-brown wispy fibres enclosed within 
the platy silvery mineral. The second form is found as a red-brown 

figure 55. A free-standing crystal of wulfenite, approximately 5 
mm on edge, also from the June 2006 find at Merehead Quarry. 
The crystal has formed on ‘hydrocerussite’ (the bright white layer) 
coating grey cerussite. A prismatic yellow crystal of an as-yet 
unidentified material can just be seen in the centre, adjacent to the 
wulfenite. Jean Turner specimen.

figure 56. Patches of an as yet unidentified Pb-Mn-Co phase 
forming dark reddish-brown streaks in mereheadite. Under high 
magnification these streaks are seen to be formed of masses of 
oriented acicular crystals. From Bench F of Merehead Quarry.
Width of view approximately 6 mm.

figure 57. The same Pb-Mn-Co phase under high magnification 
(width of view approximately 0.1 mm).  Dark needles of the phase 
occur on a matrix that appears to be cerussite. The wispy bronze 
form of the mineral can be seen at top left. The depth of field is 
poor due to the high magnification.
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intruded by ‘dykes’ containing quartz and these appear to 
have introduced a range of copper minerals into the deposit. 
Kingsbury (1941) reports chalcocite, chrysocolla, cuprite, 
melaconite, covelline, and malachite, along with serpentine 
group minerals, epidote, laumontite, quartz, dolomite and 
calcite. The presence of quartz and copper-bearing minerals 
in the ‘dykes’ suggests that the mineralisation here is 
related to the Mendip hydrothermal event, and as with the 
secondary ores, this has the consequence of not requiring an 
additional (and unrecognised) source for the mineralisation.

In 2000 a Russell Society field trip to the quarry yielded 
specimens which contain centimetre-sized blebs of a grey 
primary Cu sulphide; analysis suggests that these are mostly 
chalcocite but with another mineral, most likely djurleite, 
being present in small amounts. It is possible that this minor 
mineral is one of the other Cu1-xS minerals (or a mixture of them) 
as they are in general not distinguishable by XRD: the process of 
grinding them to powder (for the XRD powder photo) can convert 
them to djurleite and/or oxidise them (see e.g. Morimoto, 1969).

EDX analysis of a number of samples collected on this 
field trip indicates the occasional presence of significant and 
anomalous local amounts of Hg (up to 4%) but the form that 
this metal occurs in is unknown. There is no trace of Hg in 
the groundwater or quarry waste water which indicates that 
it is in an insoluble form. The analysis was repeatable using 
different methods and samples, and we are confident that this 
represents the presence of Hg, and is not an analytical error.

SOmE OddITIES ANd uNIdENTIfIEd 
mATERIAlS

To finish off our report of minerals from the Mendips, 
here are a few oddities, things that we are still working on, 
that have not yet been identified, and that we cannot yet explain.

The material shown in Figure 60 shows some very 
unusual features: these appear to be replacements of 

cavities in the same manganese pod (Figure 59) was 
determined to be an Fe-Mg-Mn gel-like silicate similar 
to hisingerite, although whether this phase represents a 
mineraloid or a distinct phase remains unknown. This 
material occurred with pale pink Pb-rich aragonite.

SuITE 8: mINERAlS ASSOCIATEd wITh 
ThE SIluRIAN vOlCANICS

This group of minerals are most obvious where they 
are exposed in the workings at the Moons Hill Quarry, 
near Stoke St. Michael. This quarry extracts the Silurian 
pyroxene-andesite lavas which are crushed for roadstone 
and aggregates. Layers of volcanic ash (tuffs) and shale are 
inter-bedded with the andesites, and show that emplacement 
took place in a marine environment. The geology of these 
rocks is documented in van de Kamp (1969). In Turner 
(2006) it was shown that the volcanic rocks are not 
associated with the Mn-hosted deposits and that they have a 
different chemistry entirely.

Epidote is present in considerable quantity along with 
laumontite, and these represent the ‘normal secondary 
mineralisation’ at the quarry. The andesitic lavas have been 

figure 58. Massive white saponite. Width of view approximately 
3 mm. From Bench G of Merehead Quarry, collected in July 2005.

figure 59. Massive pink Mn-Si gel with a chemistry similar 
to that of hisingerite, and small needles of aragonite. Width of 
view approximately 3mm. From Bench G of Merehead Quarry, 
collected in June 2006.

figure 60. What appears to be replacement of calcite by Mn-
oxides, with joint planes outlining the original crystal faces. 
Width of view approximately 25 mm. This is a clear indication 
that the formation history of the deposit is complex, but we do not 
currently understand the full significance of specimens like this. 
From Bench G of Merehead Quarry, collected in June 2006.
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Figure 63 shows a small (~1 mm) clear prismatic crystal 
on calcite. This is the only crystal with this form that we 
have found, and therefore we have not destroyed it for 
analysis. However, we suspect from the high refractive 
index and the overall form that this is a crystal of laurionite.

The cavity in Figure 64 shows oxychlorides that appear 
to represent a smooth transition between mereheadite at one 
end (orange) and rickturnerite at the other (greenish).  Our 
initial examination suggests that there are multiple phases 
in between the two. The issue here is that mereheadite is a 
sheet oxychloride in the ‘Symesite Group’, but rickturnerite 
is a chain oxychloride related to chloroxiphite. Whether 
or not a transition between these two completely different 
structures occurs is as yet unstudied, and we do not yet 
understand the implications of this particular transition. The 
small cavity at one end contains steep pyramidal crystals 
which are superficially similar to aragonite, but they appear 
to contain only Pb, O and Cl.

The specimen in Figure 65 contains an impressive 
array of oxychlorides and other materials. The orange to 
red-brown mineral is mereheadite. The massive green and 
fibrous green are rickturnerite, and the yellow patch at 
left embedded in this is ‘plumbonacrite’.  The botryoidal 

calcite crystals by manganese oxide minerals. They are not 
pseudomorphs in the classic sense of the term as the original 
crystal forms are not preserved in situ; rather, the whole 
is now a solid mass of manganese oxides which contains 
parting planes that follow the faces of the original crystals. 
The terminations and general form outlined by these partings 
suggest strongly that the original crystals were calcite. This 
is a clear indication that the formation of the deposits was 
complex, and since the replacement mechanism is currently 
unexplained it is equally clear that we still do not fully 
understand the complete sequence of events.

Shown in Figure 61 is another unusual formation. When 
we first saw these hexagonal brown plates, we wondered if 
they could be crystals of pyroaurite, but on examination they 
turned out to be comprised only of limonite. In ‘close up’ and 
under the SEM they can be seen to be extremely disordered 
(Figure 62) and clearly this is another pseudomorph. From 
the overall form of the ‘crystals’ we believe that the original 
mineral was most likely ‘hydrocerussite’. The replacement 
mechanism is unknown.

figure 61. Unusual pseudomorphs of ‘limonite’ most probably after 
‘hydrocerussite’, from Merehead Quarry. Here too the alteration 
pathway remains unknown. Width of view approximately 15 mm. 
Ian Dossett specimen.

figure 62. Under higher magnification, the ‘crystals’ of Figure 61 
can be seen to be composed of disordered platelets of ‘limonite’. 
Width of view approximately 2 mm.

figure 63. A small (approximately 1 mm) crystal of an unidentified 
phase from Merehead Quarry. From the appearance and crystal 
form this is probably laurionite.

figure 64. A specimen showing the transition from mereheadite 
(orange) into rickturnerite (green). Bottom right are some prismatic 
crystals of an as yet unidentified Pb oxychloride phase. Width of 
view approximately 8 mm. From Bench F of Merehead Quarry.
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collections, but to date have been unable to find a single 
(genuine) specimen. All ‘blixite’ specimens have been 
something else, predominantly paralaurionite, occasionally 
mimetite or mereheadite, and on rare occasions, wulfenite. 
We therefore conclude that blixite has not yet been shown 
to occur in the Mendips. 

It is perhaps pertinent to note here that the chemistry 
and structure of blixite have recently been redefined 
(Krivovichev and Burns, 2006) and this redefinition shows 
that it too is not related to paralaurionite (or mereheadite, 
q.v.).

Ganomalite
An incorrect XRD identification of the mineral now 

known to be nasonite. Note however that the physical 
description of the specimens and their occurrence given at 
the time was correct. 

hemimorphite
Hemimorphite has occasionally been stated to occur in 

the Mendips, but we have been unable to find any specimens. 

looking grey mineral bottom left centre is ‘hydrocerussite’, 
or possibly shannonite. The grey fibrous mineral in the 
centre is currently unidentified, as is the dark brown mineral 
in the cavity above and to the right. This latter may be the 
phase shown in Figure 56 but has a different appearance.

Figure 66 shows a similar mixture. The orange to brown 
mineral is mereheadite, and the yellow-green mineral 
massive rickturnerite, with the white and green fibres being 
the same mineral. The silvery and white minerals evident 
bottom right have not yet been identified.

Figure 67 shows the sahlinite-like mineral from the 
Wesley Mine, described above.

INvAlIdATEd REPORTS Of mANGANESE 
dEPOSIT mINERAlS

Blixite
The mineral blixite has been reported for many years, 

by many authors, and from multiple Mendip localities. 
Unfortunately, all these reports seem to be incorrect. We 
have examined a large number of specimens of ‘blixite’, 
including many specimens labelled as such in museum 

figure 65. Mixed oxychlorides from Bench F of Merehead 
Quarry. Width of view approximately 15 mm.

figure 66. Orange mereheadite, yellow-green rickturnerite, and 
other minerals from Bench F of Merehead Quarry. Width of view 
approximately 6 mm.

figure 67. The ‘sahlinite-like’ mineral from Wesley Mine, in 
mendipite. Contrast this with the appearance of paralaurionite in 
Figure 30 and kombatite in Figure 38. Width of view approximately 
5 mm. Photograph courtesy of the Natural History Museum.

figure 68. An unidentified platy green mineral from Merehead 
Quarry. Under very high magnification the crystal form suggests that 
the mineral may be tetragonal. Width of view approximately 4 mm.
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1. Investigation of the multiple phases comprising 
‘crednerite’ and its alteration products. This study also 
needs to investigate the origins of the ‘crednerite’ and 
how it relates to other minerals present, since it does not 
appear to fit into any of the mineral suites that we have 
identified in our work. Such work also needs to explain 
how the necessary oxidising environment came about. 
The work must also explain either (a) how the high 
temperatures needed to synthesise ‘crednerite’ came 
about, or alternatively, (b) provide a different synthesis 
pathway that functions at the temperatures known to be 
present in the manganese pods.

2. Investigation of the three or more phases that make up 
‘hydrocerussite’.

3. Investigation of the ‘Symesite Group’, to 
a. Identify further members.
b. Investigate intermediate members – are these truly 

stable chemical compounds in their own right, 
intercalated structures at the unit-cell level, or 
impure multiphase mixtures?

c. To define the structural changes that occur in these 
compounds – in particular, the positioning of the 
anion-containing lattice defects and the effect of 
their contents on the presence of inter-layer ions 
such as Pb2+.

4. Investigation of the relationships between parkinsonite, 
kombatite, and symesite and the relationship of these 
KPS minerals to the remainder of the ‘Symesite Group’

5. Investigation of the various Pb-As-O-Cl and Pb-V-O-Cl 
phases.

6. Investigation of the importance of boron / borate in 
oxyhalide formation.  In a related area, mereheadite 
needs investigation to determine how the boron content, 
colour, and crystal structure (c-axis size) are related.

7. Further investigation of the ‘Merehead Quarry’ ardennite.

8. Fluid inclusion studies on Mendip quartz to determine 
the formation temperature of the various deposit 
types (manganese pod, secondary Pb ore, Moons Hill 
volcanics) – this will help elucidate the sequence of 
deposition and thus their temporal inter-relationships.

9. Study of the slag minerals from the various smelters.

10. Cathodoluminescence studies to determine (a) cause of 
the purple colour in the ‘amethyst’  - is this due to Mn or 
Fe, (b) the cause of the colour in the smoky quartz and 
(c) the cause of anomalous white fluorescence in some 
of the cerussite (Mo may be involved?)

11. Investigation of the minerals present in the silicified 
limestone wallrocks.

Each of these is a significant piece of work – several are 
probably suitable for a PhD degree thesis – so they will not 
be completed any time soon, and this is one of the major 
reasons for being unable to complete a definitive book at 
this point in time.

We suspect that this is due to the incorrect transliteration of 
the term ‘calamine’, which was extensively used in older 
Mendip literature to describe smithsonite. Since the term 
calamine was also used to describe hemimorphite, we 
suspect that the two have simply been confused.

‘lorettoite’
‘Lorettoite’ has been reported from Merehead Quarry, 

but can not be confirmed; all the specimens so labelled 
that we have tested have been mimetite. Theoretical 
considerations suggest that ‘lorettoite’ would not be stable 
under the environmental conditions generally existing in the 
Mendips. The very recent discovery of the unknown orange 
Pb oxyhalide mineral in mereheadite mentioned above may 
however indicate that locally, conditions were suitable. 

Note that ‘lorettoite’ is currently not accepted as a valid 
mineral species, since it is not clear if it occurs naturally 
anywhere.

marcasite
Marcasite has been listed as occurring in the Mendips, 

but we have not seen it outside of deposits in the coal 
measures (e.g. Writhlington Colliery). Kingsbury (1934) 
reports an occurrence near Chewton Mendip but we have 
been unable to locate these specimens, and have not seen 
marcasite from any of the manganese deposits.

Pyromorphite
Whilst pyromorphite occurs in the region as a secondary 

ore mineral, there is no evidence to show that it occurs in 
the manganese deposits themselves. All specimens from 
manganese pods and veins that we have tested have been 
mimetite. Work done recently by soil scientists indicates 
that Mn2+ ions destabilise pyromorphite, preventing it from 
forming in an environment where they are present. This 
fact likely accounts for the absence of pyromorphite in the 
manganese deposits.

vesignéite
This does not occur; the only two known specimens 

(halves of the same piece) come from Merehead Quarry; 
these were examined and found to consist of chrome 
yellow paint. Yellow paint was used for marking blasthole 
locations at Merehead Quarry at the time that the specimens 
were collected. The yellow coating on these specimens was 
found to consist of a powder uniformly ground to a standard 
size, the grains consisting mostly of PbCrO4. Occasional 
fragments of EPNS were found in the material, a dead give-
away that it had been ground to size by a mechanical rolling 
process.

mAJOR RESEARCh TASKS STIll 
OuTSTANdING

The following major tasks need significant investigation, 
and resolution, before a ‘definitive’ guide to Mendip 
mineralogy can be produced. We are still working on 3, 4, 
and 5, and intend to work on 7, 11 (and possibly also 9) in 
due course and as time and resources permit.
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INTROduCTION
Hübnerite, Mn2+WO4, is a mineral typical of high-

temperature hydrothermal vein deposits, greisens, granitic 
pegmatites and alluvial deposits. It is the manganese 
dominant member of a group of minerals generally referred 
to as wolframite, (Fe,Mn,Mg)WO4. Ferberite, Fe2+WO4, 
forms the iron dominant member of the series, but mineral 
specimens that fall within this series are generally described 
as wolframite, unless detailed analytical data are available 
to attribute it to a specific member.

End member hübnerite is rare in the British Isles. 
Tindle (2008) provided a detailed account of hübnerite 
and wolframite group minerals in Britain and Ireland. The 
majority of hübnerite occurrences are near mid-series in 
composition, or exist as inclusions within zoned ferberite 
crystals. End member hübnerite is characteristically reddish 
brown in appearance, while ferberite and mid-series 
composition phases are typically black. 

Spencer (1958) reported the first occurrence of hübnerite 
in Britain at Grainsgill, Carrock Fell, Cumberland based 
on an exhibit of new British minerals presented to the 
Mineralogical Society by A.W.G. Kingsbury on 23 January 
1958. It is unclear how Kingsbury identified hübnerite, as 
neither Spencer (1958) nor Kingsbury (1959) provided any 
details, but given Kingsbury’s falsification of discoveries 
(Ryback et al., 1998; Ryback et al., 2001) this account must 
been treated with scepticism. Later studies of mineralization 
at Carrock Tungsten Mine (Beddoe-Stephens and Fortey, 
1981; Ball et al., 1985) demonstrated that the majority of 
wolframite is ferberite in composition, but with significant 
manganese present (an average of 9.31 % MnO is recorded 
by Beddoe-Stephens and Fortey, 1981). Beddoe-Stephens 
and Fortey (1981) quote a range of hübnerite/ferberite (Mn/
Fe) ratios from 0.5 to 1.22 suggesting that hübnerite does 
exist at Carrock Mine, but their published electron probe 
data do not support this. Young (1987) described a reddish-
brown crystalline hübnerite specimen (in the collections 

of the NHM, London) from an opencast on the Combside 
Vein on the north flank of Coombe Height. Young’s (1987) 
description, as reddish-brown, sounds genuine for hübnerite, 
unfortunately, as highlighted by Tindle (2008), this is based 
on another Kingsbury specimen whose provenance requires 
confirmation.

The richest deposits of wolframite in Britain and Ireland 
occur in the south-west of England. Published analyses 
show that the majority of specimens are near mid-series 
in composition, but with both hübnerite and ferberite 
compositions recorded (Tindle, 2008). Golley and Williams 
(1995) listed hübnerite from the north dumps of Wheal 
Gorland, Gwennap, as the first occurrence in Cornwall, 
but again, this is based on a Kingsbury specimen at the 
Natural History Museum, London and should be considered 
dubious. Confirmed hübnerite occurs in Scotland. Tindle and 
Webb (1989) described almost pure hübnerite compositions 
associated with niobium wolframite in zinnwaldite granite 
near Gairnshiel Bridge, Glen Gairn, Aberdeenshire. The 
hübnerite forms blades, 2-3 cm in length, with partial 
replacement by scheelite, CaWO4, (Tindle, 2008). Our 
research has revealed that hübnerite also occurs in Wales.

GEOlOGy
The mountainous area inland from Harlech, Gwynedd, 

is geologically known as the Harlech Dome. Although not 
technically a dome, the name was applied to the Harlech 
anticline by Fearnsides (1910), where a thick sequence 
of Cambrian age sediments are exposed in a roughly 
circular area. The term ‘Harlech Dome’ received more 
widespread usage following Matley and Wilson’s (1946) 
classic work of the same name. Folding, faulting and 
regional metamorphism have affected the whole Cambrian 
succession resulting in a structure more complicated than 
a simple dome (Allen and Jackson, 1985). The central part 
of the ‘dome’ is represented by the Harlech Grits Group of 
Lower Cambrian age consisting predominantly of siltstone 
and sandstone turbidites. A concentration of manganese 
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occurs in what is known as the Lower Shales or Manganese 
Shales near to the base of the Hafotty Formation in the 
Harlech Grits Group. The manganese bearing horizon, 
known as the manganese ore bed, is quite persistent and has 
proved a useful marker bed across the region (Fig. 1).

The Cambrian manganese ore bed is hard and cherty, 
and is therefore very competent (a fact noticeable on 
hammering) but weathers rapidly on exposure, producing a 
much softer, black rock, dominated by manganese oxides; it 
was this oxidation product that was first mined about 1835 
to 1840 and sent to Glasgow for use in the production of 
bleach (Down, 1980). Initially it was thought that the ore 
occurred in veins, but being just a weathering feature, the 
black oxide ore quickly ran out. Underneath, lays a hard 
bedded rock that was of little use in the mid-nineteenth 
century. This bedded material is also rich in manganese, 
but as carbonate and silicate minerals. The development in 
1883 of a practical method of adding manganese to steel to 

increase its hardness and durability saw renewed interest in 
the deposits (Down, 1980). During late 1884 and early 1885 
development took place at many mines with production 
commencing in 1886. The number of mines operating in the 
Harlech area reached its peak of 21 in 1891, but declined 
steadily thereafter due to the low grade of the ore which, 
according to Groves (1952) ran at about 28 % Mn. 

Some production continued into the early twentieth 
century with a lull during the First World War and a minor 
revival thereafter until 1928. Total production from 1886 
to 1928 amounted to 101,306 tons of ore (combined data 
from: Phillips and Louis, 1896; Groves, 1952; Down, 1980) 
making the Harlech Dome one of the most productive 
manganese deposits in Britain and Ireland. Bennett (1987a) 
estimated that a reserve of 102 Mt of ore averaging 40.32 
wt.% MnO (equating to 41 Mt of MnO, or 32 Mt of Mn) is 
present. Clearly large reserves exist, but Bennett’s figures 
seem to be a slight overestimation. Furthermore, the chances 

figure 1. Simplified geological map of the Harlech dome modified after Bevins and Mason (2010).
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of ore ever being mined again are miniscule: Groves (1952) 
concluded that “commercial operation in peacetime for 
ordinary metallurgical purposes seems unlikely to return”, 
but perhaps more importantly much of the area is  now 
within the Snowdonia National Park and so any form of 
mining would be vehemently opposed.

Numerous authors have described the mineralogy of 
the ore bed (see for example, Halse, 1887; Dewey and 
Dines, 1923; Cox and Wells, 1927), but as Groves (1939) 
highlighted, it seems remarkable that the true mineralogy 
of this deposit was unknown during the most active phase 
of mining. These early papers variously describe the ore 
bed as consisting of a mixture of manganese carbonate and 
manganese silicates. The mineralogical descriptions are 
somewhat vague, but in essence the chemistry is correct. 
The first detailed study of the mineralogy was undertaken 
by Woodland (1939), who investigated the individual 
coloured bands within the ore bed. Importantly, Woodland 
(1939) identified the manganese garnet spessartine, 
Mn2+

3Al2(SiO4)3, as a major constituent of the ore. Bennett 
(1987a) followed up Woodland’s work using modern 
analytical techniques and distinguished between individual 
carbonate phases. Bennett (1987a) demonstrated that the 
majority of carbonates plot as calcian rhodochrosite (70-90 
mol. % MnCO3), but that kutnohorite, Ca(Mn2+,Mg,Fe2+)
(CO3)2, and parakutnohorite (a calcian dominant kutnohorite) 
are also widespread. Interestingly, none of Bennett’s 
(1987a) analyses identified pure rhodochrosite (>90 mol. % 
MnCO3), which explains the absence of the characteristic 
bright pink colour associated with rhodochrosite, Mn2+CO3, 
in the ore bed.

Despite Woodland (1939) and Bennett’s (1987a) 
thorough work, recent unpublished research by one of us 

(TFC) has revealed that the mineralogy is more complex, 
particularly with regard to the number of manganese silicate 
phases present. A full description is beyond the scope of this 
article but a paper detailing the complexity of the ore bed is 
in preparation.

The Harlech Dome formed through folding and uplift 
during the contraction of the Lower Palaeozoic Welsh basin 
in the final phase (Acadian, i.e. early Devonian) of the 
Caledonian orogeny (Howells, 2007). Tectonic movement 
also resulted in faulting and fracturing of rocks. Alpine-
type fissure veins are common, particularly in competent 
beds. Such veins are typified by an assemblage of minerals 
closely related to the chemistry of the host rock due to intra-
formational redistribution or lateral secretion (Wagner and 
Cook, 2000). These veins tend to be impersistent laterally, 
but often form en-echelon; so where one vein ends, another 
begins parallel to it. Minerals within alpine-type veins 
can be well crystallized (albeit usually as small crystals in 
Wales) when, during formation of the fissure, the rate of 
fissure opening exceeds the material deposition; these are 
the veins that attract the attention of mineral collectors. 
Where rates of fissure opening and material deposition are  
in equilibrium the principal growth stage is of fibrous quartz. 

Small scale alpine-type fissure veining is present in many 
parts of the Lower Cambrian manganese ore bed; the ‘late 
veins’ of Bennett (1987a). Mineralogically, they are largely 
restricted to massive quartz and carbonates, including, 
rhodochrosite and ankerite, Ca(Fe2+,Mg,Mn)(CO3)2, but 
inclusions of earlier euhedral phases are common. Examples 
include magnetite, Fe3O4, stilpnomelane, K(Fe2+,Mg, 
Fe3+)8(Si,Al)12(O,OH)36·2H2O, and specular hematite, Fe2O3. 
The veins are usually narrow (typically less than 1 cm wide) 
and almost without exception, totally filled, suggesting that 

figure 2. X-ray powder diffractogram of hübnerite from Diphwys Mine (red) compared with the published peaks for hübnerite (brown). The 
Diphwys Mine material was analysed using a PANalytical X’PertPRO diffractometer fitted with an X-Celerator solid state detector; Cu Kα 
radiation was used at a generator setting of 40kV, 30mA.
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deposition exceeded fissure opening rates. By comparison 
the alpine-type veins of central Snowdonia (Starkey and 
Robinson, 1992; Bevins, 1994; Green and Middleton, 1996; 
Bevins and Mason, 1998) can be much wider and frequently 
contain cavities with euhedral crystals protruding into open 
voids.

ANAlyTICAl RESulTS
Hübnerite has been identified within small alpine-type 

fissure veins cutting the manganese ore bed at two localities 
(Fig. 1) in the Harlech Dome using a combination of XRD 
and EDS.

Hübnerite was initially identified by XRD (no. NMW 
X-2178 on Amgueddfa Cymru specimen, number NMW 
2009.32G.M.1) forming dark brown bladed crystals in 
bedded manganese ore, collected (by ACD) from blocks 
near to the loading bay at the base of the incline below 
Diphwys Mine [SH 6797 2326]. The XRD pattern (Figure 
2) shows a very good match with hübnerite, with none of the 
shift in peak position that one would expect with a transition 
to ferberite. Follow-up analysis by EDS confirmed that it is 
near to end-member hübnerite composition (Table 1).

Hübnerite has been visually identified in a number 
of other specimens from the same site. The specimens 
are believed to be from the same block which is derived 
from outcrop workings high up on Diffwys. In the 
examined specimens the ore bed shows little in the way of 
deformation, but it is cut by a small number of thin (less 
than 3 mm wide) quartz-dominated alpine-type fissure 
veinlets. The veinlets contain patches of dark brown bladed 
hübnerite. Crystal faces are present, and cross-sections 
indicate that the crystals are euhedral, but the thinness of 
the fissures has prevented the development of perfect free-
standing crystals. The largest bladed crystal aggregate is 
some 8.5 mm in length (NMW 2009.32G.M.2). Similar 
narrow veinlets within a separate specimen contain small 
(sub mm) lustrous pitch-like black magnetite crystals (XRD 
no. NMW X-2196) within rhodochrosite.

1. 2. 3.
F - - 1.06
CaO - - 1.24
MnO 23.43 - 19.52
FeO - 23.66 3.84
CuO - - 0.64
WO3 76.57 76.34 73.70
Total 100.00 100.00 100.00

1. Stoichiometric hübnerite, MnWO4

2. Stoichiometric ferberite, FeWO4

3. Hübnerite from Diphwys Mine. NMW 2009.32G.M.1. Single 
EDS spot analysis (normalised) on uncoated residual XRD powder 
(from XRD no. NMW X-2178) from ground-up crystal fragments 
mounted on an SEM stub.

Table 1. Comparative chemical composition data for hübnerite 
and ferberite.

Hübnerite has also been identified in quartz-ankerite 
veins cutting pale, carbonate (rhodochrosite) dominated, 
bedded manganese ore from Hendre Mine on the north-east 
slopes of Moelfre, Llanbedr [SH 6280 2550].

In the Hendre Mine material, collected by JSM, 
hübnerite forms discrete dark brown, euhedral, bladed 
crystals (Figure 3) to a maximum of 12 mm in length. The 
colour and shape of these crystals initially led to them being 
tentatively labelled as rutile. Following the identification 
of hübnerite at Diphwys Mine, a single bladed crystal 
(NMW 2008.43G.M.51) was analysed by XRD (no. NMW 
X-2195) and confirmed as hübnerite. The cream coloured 
carbonate veins have been shown to be ankerite (XRD no. 
NMW X-2197, NMW 2008.43G.M.10).

dISCuSSION
Tungsten-bearing minerals are rare in Wales. The 

Harlech Dome is one of only two areas in the Principality 
where tungsten minerals have been reported. At the other, 
Cwm Tregalen on Snowdon, minor scheelite is reported 
developed between magnetite grains containing inclusions 
of cassiterite in what is clearly a magmatic related deposit 
(Bevins and Mason, 1998). 

A geochemical study of the Lower Cambrian manganese 
ore in the Harlech Dome by Mohr (1956) did not record 
tungsten. Likewise, a geochemical drainage survey of 
the Harlech Dome by Cooper et al. (1985) did not report 
any tungsten, but it is likely that no analyses were made. 
However, Bennett (1987a) reported (on page 146) scheelite 
in pyritic mudstone beneath the base of the manganese 
ore bed in the Haffoty Formation. Unfortunately, Bennett 
(1987a) provided no detailed description, stating only that, 
“other minerals recorded include scheelite and yttrium-
rich phosphate”. Consequently, it is unclear how Bennett 
(1987a) identified scheelite and from which locality. It is 
also uncertain whether the scheelite occurred within the 
pyrite-bearing part of the pyritic mudstone or, associated 
with a band of magnetite-rich mudstone which separates 
the ore bed and the pyritic mudstone sensu stricto, but 

figure 3. Dark brown, bladed hübnerite crystal, 12 mm in length, 
embedded in a quartz-ankerite vein cutting bedded manganese 
ore from Hendre Mine. Amgueddfa Cymru specimen, no. NMW 
2008.43G.M.9.
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which Bennett included together under the term, “pyritic 
mudstone”.

It seems reasonable to assume that for Bennett (1987a) to 
claim the presence of scheelite, that some form of chemical 
analysis was used. Irrespective of that, we can at least now 
confirm that tungsten minerals do exist in the Harlech Dome, 
albeit in very small amounts. Why then, does hübnerite, 
a mineral generally regarded as an indication of high 
temperature mineralization, occur in the Harlech Dome; 
a thick sedimentary sequence, modified by diagenesis 
and metamorphism, but with no other evidence of high 
temperature mineralization? It is clear that in this situation 
hübnerite is derived, not from high temperature mineralizing 
fluids, but has formed in alpine-type fissure veins probably 
through a process of leaching and redistribution of elements 
from the surrounding rocks, during a phase of low grade 
(lower greenschist facies) metamorphism concurrent with 
deformation towards the end of the Caledonian orogeny. 

Bennett’s (1987a) identification of scheelite directly 
beneath the manganese ore bed suggests that either the 
pyritic mudstones are the source of tungsten that was 
leached to form the hübnerite reported here, or, dependent 
on the situation in which the scheelite occurs within the 
pyritic mudstone (which is not disclosed by Bennett, 
1987a), the scheelite formed during the same alpine-type 
mineralizing event. Because alpine-type minerals form 
through the leaching of elements from the surrounding rock, 
hübnerite (manganese tungstate) formed where the veins 
are hosted by the manganese ore bed. The pyritic mudstones 
are poorer in manganese and richer in calcium; Bennett’s 
(1987a) analyses of carbonates from the pyritic mudstone 
plot in the parakutnohorite field (approx. 50-70 mol. % 
CaCO3). Consequently, the same tungsten-rich fluids would 
be more likely to combine with calcium to form scheelite 
(calcium tungstate) within fissures in the pyritic mudstone. 
It is desirable to identify the circumstances under which 
Bennett’s (1987a) scheelite occurs within the pyritic 
mudstone. Then a fuller understanding of this unusual 
tungstate-bearing alpine-type fissure assemblage will be 
possible.

Geologically, economic concentrations of tungsten are 
almost exclusively associated with magma systems: in 
quartz veins or skarns (Groen, 1999). Beyond this, reported 
average abundance of tungsten in igneous, sedimentary 
and metamorphic rocks is broadly similar (Kunzendorf 
and Glasby, 1992; Groen, 1999) typically in the range 0.1-
5 ppm. However, data available for individual lithologies 
is limited and consequently definitive statements are 
impossible (Groen, 1999).

The manganese ore bed is interpreted by Bennett 
(1987a) as having formed through clastic sedimentation by 
shallow water turbidites. Bennett (1987b) proposed that the 
source of manganese was probably submarine exhalative 
hydrothermal solutions with precipitation as oxides and/
or carbonates with early diagenetic remobilization of 
manganese oxides and further precipitation of manganese 
carbonates. Subsequent low grade metamorphism has 
strongly influence the mineralogy of the ore with the 

development of manganese silicates.

Kunzendorf and Glasby (1992) demonstrate that 
within a marine environment tungsten accumulates 
in ferromanganese deposits by precipitation onto fine 
hydrothermal manganese-rich particles produced by ridge 
volcanic activity. The particles can remain in the water 
column for comparatively long time periods resulting in 
transportation to deep basins where they can settle and 
be acted upon by diagenetic and hydrogenetic processes. 
Potentially this type of process could have occurred during 
the deposition of the manganese ore bed in the Harlech 
Dome. It is unfortunate that Mohr (1956) and Cooper 
et al. (1985) did not analyse for tungsten, as one would 
expect elevated levels of tungsten to be present within the 
manganese ore bed if this is the case.
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INTROduCTION
The author is actively engaged in a study to identify 

incompletely characterized manganese minerals within 
the mineral collection at Amgueddfa Cymru – National 
Museum Wales. The collections at Amgueddfa Cymru 
are quite broad, not just comprising Welsh minerals, but 
with many specimens from classic British localities and 
further afield. One particular specimen, registered as 
NMW 83.41G.M.1946 and forming part of the R.J. King 
collection (no. RJK 368/269), and prior to this owned by 
Raymond C. Walsh was originally labelled, “Psilomelane, 
Restormal (sic), Lostwithiel, Cornwall”. As ‘psilomelane’ 
is a name no longer accepted as a specific mineral, it was 
decided to analyse this piece in order to provide an up-to-
date identification. The results of this identification proved 
interesting and are thus recorded here.

EXPERImENTAl
When it comes to identifying grey-black manganese 

oxides some form of analysis is generally required. XRD 
is perhaps the most useful method to begin with, and 
in many cases can be used on its own to characterize 
species. Limitations exist, particularly where solid-solution 
series are present. A classic example is the cryptomelane 
group of manganese oxides where subtle compositional 
changes result in different species; cryptomelane (K1-

1.5(Mn4+,Mn2+)8O16, the K-dominant group member) can 
grade into hollandite (Ba(Mn4+,Mn2+)8O16, with increasing 
Ba) or manjiroite ((Na,K)(Mn4+,Mn2+)8O16, with dominant 
Na). These subtle compositional differences are reflected 
in the XRD pattern by a slight shifting of peak position, 
thus leading to uncertain identifications without chemical 
data. Therefore it is always advisable to obtain some form 
of chemical data for confident accurate identification.

The Amgueddfa Cymru specimen NMW 83.41G.M.1946 
(Figure 1) is typical of most museum specimens labelled 
simply as ‘psilomelane’. Externally it consists of hard, 
matt black to dark grey, stalactites which internally show 
no distinct structure. Additionally the stalactites overgrow 
a slightly different, softer, grey metallic phase which itself 
contains fragments of a black, pitch-like phase and glassy 
orange grains. Detailed analysis using XRD and where 
required, EDS has been performed on all of the constituent 
phases. The analytical data is stored on file at Amgueddfa 
Cymru.

XRD (No. NMW X-1833) of the hard, matt black, 
stalactites reveals a good match with several cryptomelane 
group minerals. Semi-quantitative EDS was performed 
using a carbon coated fragment mounted on an SEM stub. 
Only Mn, K, O and trace P was detected confirming that this 
is cryptomelane. The soft, dull to metallic, grey, feathery 
phase beneath the stalactites was identified by XRD (no. 
NMW X-1881) as pyrolusite, MnO2. 

The lustrous, dark grey to black, pitch-like phase 
embedded within pyrolusite is interesting. The grains display 
a conchoidal fracture and are magnetic. XRD produced a 
pattern (XRD no. NMW X-1882) consistent with franklinite, 
(Zn,Mn2+,Fe2+)(Fe3+,Mn3+)2O4, However, chemical analysis 
showed that it contains no zinc. Rather, it is the manganese 
analogue of franklinite, jacobsite, ideally Mn2+(Fe3+)2O4, 
which has a similar cubic structure and therefore, produces 
a similar XRD pattern. The Restormel jacobsite contains 
a relatively low level of manganese compared with ideal 
stoichiometric jacobsite (Table 1), but comparison with 

AN uNuSuAl mANGANESE-BEARING ASSEmBlAGE fROm RESTORmEl, 
lOSTwIThIEl, CORNwAll

Tom F. COTTERELL 
Department of Geology, Amgueddfa Cymru – National Museum Wales, Cathays Park, Cardiff CF10 3NP 

detailed XRd and EdS analysis of a specimen in the R.J. King collection at Amgueddfa Cymru
labelled as ‘psilomelane’ from Restormal, lostwithiel, Cornwall has revealed an unusual assemblage of manganese 

minerals.  Cryptomelane and jacobsite are recorded for the first time in Cornwall along with pyrolusite and 
spessartine-andradite garnet.

figure 1. Stalactitic cryptomelane (top) overgrowing pyrolusite 
(bottom left) containing, grains of jacobsite and spessartine-
andradite garnet. From Restormel, Lostwithiel, Cornwall. Specimen 
9 cm tall. Amgueddfa Cymru specimen NMW 83.41G.M.1946.
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jacobsite from the type locality in Jacobsberg (which shows 
substitution of manganese by magnesium) shows that the 
manganese content is acceptable for jacobsite.

Oxide 1 2 3
TiO2 - 0.09 0.35
Al2O3 - - 0.85
Fe2O3 69.24 73.96 81.49*
FeO - 2.57 -
MnO 30.76 13.94 19.04
MgO - 9.26 0.25
Total 100.00 99.82 101.98

1) Jacobsite. Ideal stoichiometric composition, Mn2+(Fe3+)2O4. 
From Stillwell and Edwards (1951).

2) Jacobsite, Jacobsberg, Sweden. Palache et al. (1944) original 
analyses from Johansson (1928).

3) Jacobsite, Restormel, Lostwithiel, Cornwall. NMW 
83.41G.M.1946. Average of 3 EDS spot analyses. *All iron 
calculated as Fe2O3.

Table 1. Comparative chemical data for jacobsite.

The glassy orange grains also embedded within 
pyrolusite are equally intriguing. XRD indicated that these 
grains are a garnet, however the diffraction pattern (no. 
NMW X-2177) best matches that of the hypothetical (IMA 
list of mineral names) manganese garnet, blythite (PDF 
no. 01-089-5710), (Mn2+)3(Mn3+)2(SiO4)3. Clearly this is 
unlikely, but its association with other manganese-bearing 
minerals suggested that it could well contain manganese to 
some extent.

1  2  3 4
SiO2 36.41 35.47 35.16 38.18
TiO2 - - 0.28 n.d.
Al2O3 20.60 - 9.04 13.85
Fe2O3 - 31.42 16.27 12.81*
FeO - - 0.00 -
MnO 42.99 - 27.38 23.34
MgO - - 0.50 0.33
CaO - 33.11 12.12 13.21
CuO - - n.d. 0.23
Total 100.00 100.00 100.75 101.95

1) Spessartine, ideal stoichiometric composition, Mn3Al2(SiO4)3. 
From Anthony et al. (1995b). 

2) Andradite, ideal stoichiometric composition, Ca3Fe3+
2(SiO4)3. 

From Anthony et al. (1995a).
3) Calderite, Otjosondu, Namibia. NHM, London specimen, no. 

BM 1951,21. By electron microprobe. From Dunn (1979). 
Corresponds to (Mn1.96Ca1.10)∑=3.06(Fe3+

1.04Al0.87Mg0.06Ti0.02)∑1.99
(Si2.97Al0.03)∑3.00O12 (Anthony et al., 1995a).

4) Restormel, Lostwithiel, Cornwall. Amgueddfa Cymru 
specimen NMW 83.41G.M.1946. Average of 2 EDS spot 
analyses.    *All iron calculated as Fe2O3.     Corresponds to 
(Mn1.58Ca1.13)∑=2.71(Al1.31Fe3+

0.77Mg0.04Cu0.01)∑2.13Si3.06O12.

Table 2. Comparative chemical composition of spessartine-
calderite-andradite series garnets.

Compositional data was obtained by EDS on a carbon 
coated crystal fragment. Chemically, the Restormel garnet 
is not a pure manganese garnet: its composition (Table 
2) equates to (Mn1.58Ca1.13)∑=2.71(Al1.31Fe3+

0.77Mg0.04Cu0.01)
∑2.13Si3.06O12. Using Locock’s (2008) method to calculate 
the molecular proportions of garnet end-members, the 
composition of the Restormel garnet can be expressed 
as Spessartine53Andradite27Grossular11Pyrope1. Three 
additional EDS spot analyses performed on a carbon-
coated polished block produced a composition in the range 
Spessartine55-56Andradite41-42Pyrope0-1.

Solid solution between spessartine and andradite is 
uncommon. Calderite, ideally (Mn2+)3(Fe3+)2(SiO4)3 can 
form in solid solution with andradite and spessartine, but 
compositions approaching ideal calderite are unknown in 
nature as it is only stable at high pressure and low temperature 
(Gaines et al., 1997). Natural calderite typically has the 
formula (Mn2+,Ca)3(Fe3+,Al)2(SiO4)3 approaching that of 
mid-series spessartine-andradite composition. A typical 
calderite-bearing garnet analysis is shown in Table 2 for 
comparative purposes. Using Locock’s (2008) calculation 
this natural calderite-bearing garnet can be expressed as 
Spessartine43Andradite35Calderite16, therefore spessartine, 
but with a small calderite component. Compared with 
Dunn’s (1979) calderite-bearing garnet the Restormel 
garnet is slightly higher in Al and slightly lower in Fe and 
Mn content. Only a relatively small number of analyses 
have been performed, but a more detailed investigation of 
the Restormel garnet may identify areas with a calderite 
component.

XRD spectra (Figure 2) support the view that the 
Restormel garnet is near mid-series spessartine-andradite. 
The Restormel garnet produces a diffraction pattern similar 
to, but with significant shifting of peak position, those 
published for spessartine or andradite. This is because the 
indexed patterns for spessartine and andradite are typically 
chosen to represent near end-member composition: 
consequently the Restormel garnet, being near mid-series 
in composition, produces a diffraction pattern roughly 
midway between those for ideal end-member spessartine 
and andradite.

dISCuSSION
Although labelled as Restormal (sic), the specimen 

that forms the focus of this study is probably derived from 
Restormel Royal Mine. Principally an iron mine, bunches of 
pyrolusite and coatings of ‘psilomelane’ are reported (Dines, 
1956). Groves (1952) noted that appreciable manganese is 
present within much of the iron ore from Restormel Royal 
Mine and that evidence existed that manganese ore had 
been separated from the iron ore and stockpiled.

Collins (1892) described splendid velvet-black 
stalactitic masses of ‘psilomelane’ at Restormel Royal Iron 
Mines. There can be little doubt that Collins’ ‘psilomelane’ 
is actually cryptomelane as reported here, particularly on 
account of his description of ‘psilomelane’ as harder than 
pyrolusite and with a conchoidal fracture. Collins was 
not aware of any chemical analysis of ‘psilomelane’ from 
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Cornwall, and so would have been unable to accurately 
distinguish this phase. It should also be remembered that the 
usage of the name ‘psilomelane’ has changed since Collins’ 
time: during the 1970s the IMA commission on New 
Minerals and New Mineral Names made the decision to 
abandon the name ‘psilomelane’ following issues regarding 
over usage for any hard, black, manganese oxide (Gaines et 
al., 1997).

In the authors experience the majority of specimens 
of hard, black, botryoidal, manganese oxides, labelled as 
‘psilomelane’, whether they are from the British Isles or 
worldwide, turn out to be cryptomelane. This is, as far as 
known, the first report of cryptomelane from Cornwall, but 
the author has little doubt that when tested, other samples 
from Cornish localities will prove to be cryptomelane also.

The inclusions within the pyrolusite groundmass are 
intriguing. Jacobsite is of limited occurrence in the British 
Isles (Tindle, 2008). The most significant deposit is at the 
manganese mines near Rhiw, Pen Llŷn in Gwynedd, North 
Wales where it formed a major part of the ore. The magnetic 
property of jacobsite allowed an aerial magnetic survey 
to be carried out at the Benallt Mine to delineate further 
orebodies (Groves, 1947). Jacobsite was also tentatively 
identified as an iron-manganese oxide in veinlets cutting 
baryte and carbonate in stratiform manganese ore at Dalroy, 
near Inverness, Highland Region, Scotland (Nicholson, 1987).

Jacobsite has not previously been reported from 
Cornwall (Golley and Williams, 1995; Tindle, 2008), 
however the zinc-analogue of jacobsite, franklinite, was 
described by Dines (1956) from the Wheal Ding section of 
Bodmin Wheal Mary, near Lanivet, about four miles west-
north-west of Restormel. Dines wrote, “The calc-flinta is 
hard and green in places and soft and yellow or ochreous-
brown in others. Well formed crystals of calamine and 
calcite are present and cracks are stained with iridescent, 
black manganese oxide or franklinite”. Following up 

this report Kingsbury (1961) could find no trace of the 
calamine and franklinite mentioned in the Survey Memoir, 
during a full examination of the site in 1958. Kingsbury 
(1961) did record prominent blende (sphalerite) and much 
weathered material stained by manganese oxides in the 
Wheal Ding section. There appears to be no record of how 
Dines identified franklinite. Golley and Williams (1995) 
erroneously attribute the reporting of franklinite to Ussher 
et al. (1909). Dines’ description is clearly not typical of 
franklinite and therefore it seems reasonable to assume 
that this is a simple case of misidentification. Franklinite 
has not been recorded from anywhere else in the British 
Isles and Dines’ original account does not figure in Tindle’s 
comprehensive publication on the Minerals of Britain and 
Ireland in 2008.

The orange garnet inclusions are of interest due to their 
unusual chemistry. Solid solution between spessartine and 
andradite is uncommon. The analytical data presented here 
show that the garnet is dominantly spessartine, but near mid-
series spessartine-andradite composition. No calderite was 
detected, but further research may well identify material 
with slightly higher Fe, and lower Al content, which would 
plot within the calderite compositional domain. Spessartine 
and andradite are recorded by Russell (1946), in contact 
metamorphosed calc-silicate rocks at Treburland Manganese 
Mine, near Altarnun, Cornwall. Russell was quite specific 
about spessartine, describing, “a yellow garnet definitely 
referable to spessartine”, in the form of very small clear 
honey-yellow conchoidal fractured aggregates embedded 
in pale pink rhodonite, and as similarly coloured to dark 
yellowish-brown microcrystals covering altered pyroxene. 
How Russell arrived at such a specific identification is not 
recorded, but based on the position of this garnet, within 
the manganese silicate, rhodonite, it is probably correct. It 
is also interesting to note Russell’s description of the garnet 
as, “conchoidal fractured aggregates embedded”, as the 
Restormel garnet occurs identically, but within a matrix 

figure 2. X-ray powder diffractogram of the Restormel garnet compared with spessartine and andradite.
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of pyrolusite rather than rhodonite. Russell’s identification 
of andradite was based on the characterisitics of calcium-
iron-manganese-andradite, occurring as cinnamon-coloured 
bands and small crystals within vesicles in dark grey contact-
altered calc-silicate rock. The identification of garnet by 
colour and crystal form is likely to be highly inaccurate and 
should be treated with some caution.

The specimen studied here is only one example of the 
manganese ‘ore’ at Restormel and therefore may not be 
representative of the manganese ore as a whole. It is also not 
known from where in the mine it was derived. Consequently 
detailed paragenetic information cannot be obtained. The 
evidence that is available from this one sample shows that 
the jacobsite and spessartine are fragmentary and therefore 
likely to have been reworked, becoming embedded in a 
later deposition of manganese oxide (pyrolusite). Later still, 
stalactitic cryptomelane was deposited upon the pyrolusite. 
Jacobsite and spessartine are indicative of low temperature 
metamorphic conditions. It is unclear if both species have 
been affected by some degree of metasomatism, but it is 
plausible that the jacobsite was originally iron-dominant 
(magnetite) and has been altered during a phase of 
manganese enrichment after the formation of the iron veins.

It would be worthwhile examining and perhaps analysing 
additional specimens from this site, particular those that 
are accompanied by specific locality details. There are no 
other specimens of manganese ‘ore’ from Restormel Royal 
Mine in the collections at Amgueddfa Cymru, but the author 
is interested in hearing from anyone who may have more 
material available for study. Specimens containing both iron 
and manganese minerals would be of particular interest, 
in order to establish the overall paragenetic relationship 
between iron and manganese mineralization at Restormel. 
It would also be desirable to obtain chemical data for 
Russell’s Treburland garnets to establish their composition 
for comparison with the Restormel garnet.
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INTROduCTION
Sieleckiite, ideally Cu3Al4(PO4)2(OH)12·2H2O, was 

described as a new species by Birch and Pring (1988) 
from Mt. Oxide Copper Mine, 150 km north of Mt. Isa, 
Queensland, Australia. It has since been found at a limited 
number of further localities (www.mindat.org, Ralph and 
Chau, 2010); and generally occurs with other phosphates 
including variscite, turquoise and pseudomalachite.

An unidentified Cu-Al phosphate thought to be akin to 
sieleckiite (Birch and Pring, 1988) was reported from the 
UK at West Caradon Mine in Cornwall by Weiss (1987). The 
material was found to contain considerable impurities that 
confused the interpretation of the analysis, but unfortunately 
no further identification work was published and its identity 
is problematic.

As sieleckiite does not appear in the comprehensive 
study on the minerals of Britian and Ireland by Tindle (2008) 
this paper is the first published account of its occurrence in 
the British Isles. A comparative study on the unidentified 
Cu-Al phosphate from West Caradon and new data from a 
sample of sieleckiite from the original Mt. Oxide Copper 
Mine is also presented.

lOCAlITy ANd GEOlOGy
Wheal Gorland is located in Cornwall within the parish 

of St. Day, just north of the village with the same name. The 
mine workings extend under the village (Rust, 1981; Smith, 
1997) but only some underground sections are accessible. 
During its history, Wheal Gorland incorporated the mines 
of Wheal Pink, Wheal Muttrall, Wheal Providence and 
possibly Wheal Quick (Rust, 1981). The first recorded 
references to Wheal Gorland are in the 1790s (Rust, 1981; 
Embrey and Symes, 1987), although Rust (1981) indicated 
that evidence exists suggesting that it was working before 
this time. There is a wealth of literature upon the mining 
history and workings of Wheal Gorland to which the reader 
is referred, especially Dines (1969) and Smith (1997). 

The workings that constitute Wheal Gorland are largely 
situated east of the Carn Marth granite in the overlying 
metamorphosed killas, but the granite and its contact with 

the Devonian killas outcrop at surface within the Wheal 
Gorland Sett and one of the shafts (Sim’s) is sunk entirely 
through the granite (Smith, 1997) so it too may have been 
worked at depth (Dines, 1969). The mine worked six major 
lodes (Dines, 1969) and a few smaller ones (Rust, 1981), 
vaguely trending ENE, for copper and minor tin (Dines, 
1969; Rust, 1981). The feeder for the mineralised veins is 
thought to be the Carn Marth granite (Rust, 1981) but little 
confirmatory work appears to have been done to support 
this proposal. The greater part of Wheal Gorland’s small 
wolfram production is thought to have been recovered near 
the contact with the granite (Dines, 1969). Besides copper, 
tin and wolfram, arsenic and fluorine were occasional 
important commodities recovered in small quantities, either 
during underground workings prior to closure in 1864 or 
re-workings of selected areas in the mine and its dumps 
in the period 1906-1909 (Dines, 1969). A cross-course is 
present within the sett, but unlike other areas in Cornwall, 
it apparently contained no significant mineralisation (Dines, 
1969).

For collectors of mineral specimens, Wheal Gorland 
will always be a famous locality due to its wealth of rare 
secondary copper arsenate minerals, including liroconite, 
clinoclase, chalcophyllite, cornwallite and strashimirite to 
name but a few. Since the early 1800s these classic Cornish 
specimens have not been surpassed in terms of quality 
and size and the allure of large, colourful and rare mineral 
specimens has led to vast amounts of time and effort 
expended by many individuals attempting to rediscover 
rich pickings from within the mine (Fisher, 1988; Smith, 
1997). The primary goal of most of the searches was to 
relocate or gain access to the Muttrall Lode and its dumps, 
as it is thought to be the main source of the rare secondary 
arsenates. 

Although underground exploration was largely 
unsuccessful (Smith, 1997), other significant discoveries 
have been made, including the location in the late 1960s 
of the dumps at Bawden’s Shaft, (Fisher, 1988; Rex Cook, 
personal communication) that originally accessed the 
Muttrall Lode. Due to the proposed removal of these rich 
dumps by Hydraulic Tin Ltd. in 1976-1977 (Rust, 1981) 
many collectors visited this spot at a crossroads outside 

ThE fIRST CONfIRmEd BRITISh OCCuRRENCE Of SIElECKIITE, 
Cu3Al4(PO4)2(Oh)12·2h2O fROm SPOIl AT whEAl GORlANd, ST. dAy, 

CORNwAll

Michael S. RUMSEY and Gordon M. CRESSEY 
Department of Mineralogy, Natural History Museum, Cromwell Road, London SW7 5BD

Sieleckiite occurs with ceruleite as small, bright ‘liroconite-blue’ balls <1 mm in diameter within vughs and fractures 
in fragmented, iron-stained, gossan quartz on about 15 small specimens collected from dumps at wheal Gorland in 
Cornwall during 1972. Identification was confirmed by a comparative XRD study using sieleckiite from the original 

find at Mt. Oxide Copper Mine, Australia and basic chemical analysis (EDX) that indicated minor impurities of 
iron, arsenic and fluorine. An analysis of a previously unidentified phase from West Caradon, potentially related to 
sieleckiite, is also presented but was found to be a mineraloid. Results suggest that a re-investigation of the crystal 

structure of sieleckiite is in order and that the occurrence of sieleckiite, a phosphate mineral in an arsenate dominated 
mineral assemblage, is of significant geological interest.
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St. Day to salvage specimens. Some good pieces were 
collected, a few of which entered the mineral collections at 
the Natural History Museum (NHM); then called the British 
Museum (Natural History) or BM(NH).

SIElECKIITE SPECImENS
As part of an ongoing investigation into the Cu-

Al arsenates known from Wheal Gorland, all ceruleite 
(Cu2Al7(AsO4)4(OH)13·11.5H2O) specimens in the NHM 
collections were assessed under a stereomicroscope to 
document their mineralogical associations. A small suite 
of circa 50 thumbnail specimens, registered together as 
BM 1977,275 and all collected at the same time, showed 
the occasional presence of small ‘balls’ of an unusual blue 
mineral that could not be easily matched with any of the 
species known from Wheal Gorland (Figure 1). Detailed 
observation of all the pieces revealed that around 15 
contained the unidentified phase, which upon analysis has 
been shown to be the rare copper aluminium phosphate 
sieleckiite (Birch and Pring, 1988).

The specimens bearing sieleckiite were collected by 
Rex Cook in 1972 (Rex Cook, personal communication) 6 
feet down in the dumps of Bawden’s Shaft, at the crossroads 
outside St. Day. The pieces consist of heavily altered, iron-
stained gossan quartz with numerous vughs and fractures 
resulting in small friable specimens prone to further fracture 
and degradation. The voids within the friable material are 
mainly filled with a massive, white porcellanous material 
sometimes exhibiting a botryoidal form and subtle hints of 
colour ranging from blue to violet, pink, brown and orange. 
XRD analysis of this material (Ref Q10915) confirmed that 
it is halloysite (7Å) (Al2Si2O5(OH)4) and that it is often 
inter-grown with varying amounts of earthy, yellow-brown 
unidentified iron oxide species. A smaller number of the 
voids, including both vughs and fractures, also contain 
small acicular ‘balls’ (up to 1 mm diameter) of light sky-
blue ceruleite (Figure 2). These are composed of loosely 
packed, needle-like crystals of varying lengths, leading to a 
somewhat irregular appearance under the stereomicroscope. 
When broken, the cores of these ‘balls’ show a denser 
packing of the needle-like crystals, resulting in a deepening 
of colour and a loss of crystalline form leading to a more 
massive appearance. Very occasionally the ceruleite is 

accompanied by sieleckiite, which occurs as small, bright 
blue ‘balls’ <0.5 mm, similar in colour to the mineral 
liroconite (Figure 3). These have no discernable crystalline 
affinity when viewed under the stereomicroscope and are 
quite distinct from the balls of ceruleite which occasionally 
grow on top of them. Fractured examples of the sieleckiite 
‘balls’ clearly show a radiating internal structure of fine 
crystals with some irregular radial variations in colour 
depth, always being paler than the external colour of the balls.

In a very small number of the voids other accessory 
phases are present, including: small black globular masses 
of an unidentified manganese oxide containing trace 
amounts of Al, Cu, Pb, W and As; individual crystals of 
torbernite; zeunerite; and white, isolated ceruleite fibres 
lacking an acicular form.

The best three sieleckiite-bearing fragments removed 
from BM 1977,275 have been isolated and re-registered 
in the NHM collections as BM 2010,56 through to BM 
2010,58. Briefly they represented the only validated 

figure 1. Detail of the bright ‘liroconite-like’ blue ‘balls’ of 
sieleckiite upon whitish halloysite, with minor pale blue ceruleite 
(specimen BM 2010,57). The white scale bar divisions are 1 mm.

figure 2. Detail of pale blue acicular ceruleite clusters upon 
halloysite, with individual clusters reaching 1mm in size (specimen 
BM 2010,57). The white scale bar divisions are 1 mm.

figure 3. Blue sieleckiite ‘balls’ with acicular pale blue ceruleite 
on a bed of minutely botryoidal halloysite (specimen BM 2010,57).

58



Journal of the Russell Society (2010)

specimens of sieleckiite within the collections at the NHM 
until reference material from the original find was obtained 
for the purpose of this comparative study. The reference 
material is registered as BM 2010,9 and BM 2010,60.

ANAlySIS ANd RESulTS
Initially a small fragment from one of the sieleckiite 

balls was removed and placed on an aluminium stub using 
a carbon adhesive, and analysed uncoated and unpolished 
within a JEOL LV5900 Scanning Electron Microprobe 
(SEM) using an Oxford Instruments Energy Dispersive 
X-Ray (EDX) back scatter detector in conjunction with the 
INCA software package for data interpretation. Although 
only qualitative, the results clearly indicated that the material 
was not a densely packed ceruleite ‘ball’ and contained Cu, 
P and Al, with lesser amounts of F and trace amounts of As 
and Fe. Figure 4 shows an SEM image of the sieleckiite 
‘ball’ that was used for the chemical analysis.

To identify the mineral to species level about 15 balls 
were removed from the specimen. Great care was taken 
to avoid contamination of the fragments which were then 
crushed by gentle pressure applied to a glass slide directly 
on top of the quartz-substrate that is used during powder 
XRD analysis. Despite this care, the resulting diffraction 
pattern (Q10883, presented in part as Figure 5) was a 
clear but complex mixture, containing a small amount of 
accessory ceruleite which could not be physically separated 
from the sample due to its intimate association with the 
sieleckiite. To interpret the effect of the admixed ceruleite 
upon the pattern, a further sample of similar volume was 
removed from the specimen and this time great care was 
taken to sample mainly ceruleite. This was then prepared 
and analysed in the same way, under the same conditions 
(Q10913) and the two resultant patterns were compared.

Comparing the intensities of the individual peaks upon 
the two patterns known to contain both ceruleite and the 
possible sieleckiite (but in vastly differing proportions), 

allowed the recognition of each individual pattern. All the 
dominant peaks associated with sieleckiite were isolated 
and any significant pattern overlaps with ceruleite removed. 
Both phases were referenced against the JCPDS database, 
the ceruleite was shown to be a good match with [ICCD 
29-525] and the sieleckiite was a near perfect fit with 
[ICCD 46-1291]. Intriguingly a match was not found for 
the so-called (100) peak within the sieleckiite reference 
pattern [ICCD 46-1291] at about 8 to 9° 2θ although all the 
other peaks matched very well (Figure 5). It was decided 
subsequently that material from the original find should 
be re-investigated in order to provide a reference powder 
pattern and to rule out possible calibration errors that might 
explain the mismatch between the published reference data 
and the observed results on the Wheal Gorland specimens.

Type locality material from Mt. Oxide Mine, Australia 
was kindly provided by the Museum of Victoria, Australia; 
with additional material purchased from a different source. 
Due to the very small size of the Mt. Oxide Mine specimen, 
initial XRD analysis was performed using an experimental 
micro-diffraction system that allows the sample to be 
analysed without powdering the specimen. As this produced 
a pattern similar to that of the sample from Wheal Gorland, 
a portion of the material was sacrificed for a more accurate 
powder XRD analysis. 

This material was ground with an agate pestle and mortar 
and placed upon a ‘zero background’ single-crystal quartz 
substrate using acetone, the material was then analysed 
using a proto-type microdiffractometer being developed at 
the NHM. This instrument consists of a GeniX X-ray source 
with a Xenocs focussing mirror placed in the primary beam 
that delivers high-brightness Cu Kα radiation to the sample. 
A 25 μm pinhole is used to limit the size of the beam 

figure 4. SEM X-ray backscatter image showing the minutely 
crystalline nature of the sieleckiite balls that are clearly not 
the smooth amorphous balls they would appear to be under a 
stereomicroscope. Scalebar is 80 μm. (The white material is a 
lead-rich impurity that unfortunately became attached to the 
specimen during sample preparation: it is completely unrelated to 
the specimen.)

figure 5. A portion of XRD pattern Q10883 from Wheal Gorland. 
Sieleckiite peaks in green, ceruleite in magenta. The most intense 
peaks for each species match well, but note how there are slight 
peak shifts visible (to the right) in the ceruleite pattern due to 
chemical variation, and intensity variations due to ‘preferred 
orientation’. However it is clear the material is a mixture and 
most significantly the first reference peak for sieleckiite (called 
the (100) peak) at about 9.7° 2θ  is very different from the sample 
at about 8.9°, this indicates a minor problem with the original type 
description of the species.

59



Journal of the Russell Society (2010)

appropriate to the dimensions of the micro-sample under 
investigation, which is viewed by a CCD image capture 
system that allows accurate manipulation of the sample 
into the beam via x-y-z stage control movements. X-rays 
diffracted by the sample are recorded simultaneously at all 
angles over an arc of 120° by an INEL curved position-
sensitive detector (PSD). The resulting pattern (R1415) was 
a close match to both the JCPDS reference pattern and the 
Wheal Gorland material with some slight peak shifts, likely 
due to small differences in chemistry. Most significantly 
the problematic (100) peak matched the Wheal Gorland 
material rather than the reference, indicating that at least 
one peak on the reference pattern for sieleckiite is incorrect. 

Observed data were compared to a list of theoretical peak 
positions generated from the space group and unit cell data 
published by Birch and Pring (1988). There is a reasonable 
fit of the observed data to the theoretical peak positions, 
suggesting the published unit cell data are plausible and 
the mismatch of the first peak is not due to a typographic 
error. Therefore it seems that the currently accepted unit cell 
parameters for sieleckiite are wrong and the material needs 
re-investigating. This is hardly surprising as the original unit 
cell parameters were established using a TEM study which 
is notoriously difficult to interpret at low angles. It should 
be noted that perhaps due to this mismatch the internal 
structure of sieleckiite has always remained unsolved.

For the purposes of this study the chemical EDX analysis 
and the similarity of the XRD patterns obtained from type 
locality sieleckiite and the Wheal Gorland unknown are 
considered enough to determine that the unknown material 
is indeed sieleckiite.  A separate project to redefine the unit 
cell parameters and determine the structure of sieleckiite is 
now underway.

wEST CARAdON mATERIAl Of wEISS
In order to determine if this occurrence of sieleckiite is the 

first occurrence in the UK it was necessary to re-investigate 
a poorly characterised Cu-Al-phosphate reported from 
West Caradon Mine in 1987 (Weiss, 1987). It is fortunate 
that, although not mentioned in the article by Weiss, a 
representative sample of this material was preserved within 
the collections at the NHM as BM 1986,190, donated by 
Mike Merry who collected the sample in summer 1985. 

The material consists of a thin (2 mm thick) globular, 
rippled crust of glassy, transparent, ultramarine to 
‘liroconite-blue’ botryoidal blebs with no obvious 
crystalline form (Figure 6). Visually the colour is not too 
distant from sieleckiite, perhaps being a little darker, but 
it is clearly more translucent, has less crystalline form 
and has a different habit, occurring in globular crusts rather 
than individual ‘balls’. However it is still conceivable that 
the two specimens may be two manifestations of the same 
material, so further analysis and comparison was considered 
appropriate.

A microprobe analysis of a small polished fragment 
of the specimen performed at the time of acquisition 
determined that the material contained Cu, Al, P and As 
in concentrations not dissimilar to the analysis reported by 
Weiss, but without enough corroboration to be convinced 
of their similarity. Consequently further analysis was 
performed and an IR spectrum (IR No. 2382) was taken. 
Unfortunately, the original IR spectrum was not found 
during this study, but it is recorded that it showed a similarity 
to the spectrum of turquoise. The specimen therefore was 
registered within the NHM collections as turquoise with 
likely impurities of a copper arsenate and maybe fluorite.

Considering that an XRD analysis was yet to be 
performed on the material a small portion was removed 
for powder analysis and a further portion was removed for 
uncoated qualitative EDX analysis using a JEOL 5900LV 
SEM. The EDX analysis revealed a chemical composition 
dissimilar to both of the previous analyses, with considerable 
Al, Si, F and only minor P, Cu, As and Ca. XRD analysis 
(G0755) revealed that the material was X-ray amorphous. 
Thus it is concluded here that although the phase remains 
an enigma, it is best considered a late stage gel-like material 
without a fixed composition and is a ‘mineraloid’ rather 
than a true mineral phase. What is clear is that this material 
does not correspond to sieleckiite as suggested by Birch and 
Pring (1988) or the sieleckiite from Wheal Gorland. 

dISCuSSION ANd CONCluSIONS
Sieleckiite has been positively identified occurring with 

ceruleite and halloysite in dump collected material from 
Bawden’s Shaft at Wheal Gorland, St Day, Cornwall, by 
way of comparison with material from the type locality. 
Analysis has also revealed that the published unit cell of 
sieleckiite is incorrect and that an undetermined phase 
thought to potentially represent sieleckiite from West 
Caradon Mine is a ‘mineraloid’ substance with a non-
fixed chemical composition containing Al, Si, F, P, Cu and 
other minor elements. With this in mind, the occurrence at 
Wheal Gorland is the first occurrence of sieleckiite within 
the British Isles and one of only a few localities known 
worldwide.

As one of only a handful of phosphates within a 
secondary environment dominated by arsenate minerals, it 
is interesting to speculate on the mode of formation and the 
potential discovery of phosphorous analogues of the famous 
arsenates known from Wheal Gorland. A further systematic 
study regarding these two questions is already underway at figure 6. West Caradon amorphous Al-Cu phosphate silicate 

phase (BM 1986,190). Specimen is 52 mm wide.
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the NHM.

From a museological point of view, this study highlights 
the importance of collecting and preserving specimens 
whenever the opportunity arises by depositing them in 
large, scientifically active museums or those with good 
links to other scientific institutions. In such museums we 
can be assured that the specimens will be documented and 
curated properly, whilst being made available for future 
scientific research. Were it not for the foresight and interest 
of many collectors, naturalists, philosophers, scientists, 
dealers, geologists, mineralogists and miners in the 1790s 
through the 1970s we would not have these materials at our 
disposal today. Were this the case, we would be unable to 
make new discoveries that can take advantage of the wealth 
of sophisticated technology at our present disposal and 
important new projects like the redefinition of sieleckiite 
or the investigation of new analogues of known Wheal 
Gorland species would not be possible. We could learn a 
lot from the successes of the last 200 years by continuing 
to build upon our collections now, even if the material may 
seem to have no current application or obvious pathway to 
the advancement of our scientific knowledge at present; 
one can never predict the future and what our scientific and 
technological advances will let us discover. 
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INTROduCTION
Strata-bound deposits, normally called flats in the 

Northern Pennine Orefield, were common in the limestone 
beds of the area, particularly the Great Limestone 
(Namurian).  They were often very large, cavernous deposits 
and produced bountiful amounts of the galena sought by the 
old miners.  They also produced prolific numbers of fine 
mineral specimens, especially fluorite, that now grace the 

ThE mINERAlOGy Of A SmAll flAT dEPOSIT AT KIllhOPE, wEARdAlE, wITh ThE 
fIRST RECORd Of duNdASITE fROm ThE NORThERN PENNINE OREfIEld

Trevor F. BRIDGES
10 Springfield, Ovington, Prudhoe, NE42 6EH

The mineralogy of a small flat deposit, in the old workings (hushes) to the west of the Killhope Lead Mining Museum 
in Upper Weardale, Co. Durham is described.  The main primary minerals are ankerite, fluorite and galena, but the 

deposit contains small amounts of a number of interesting supergene minerals such as anglesite, cerussite, smithsonite 
and sulphur.  Of particular interest is a small specimen of dundasite, the first time this mineral has been recorded from 

the Northern Pennines.

world’s museums and are eagerly sought after by modern 
collectors.  A good account of this type of deposit in the area 
can be found in Dunham (1990).

The mineralogy is relatively simple. Early minor 
dolomitisation of the limestone (Bouch et al., 2008) was 
followed by extensive ankeritisation and cavity formation.  
This ankerite is often silicified to give an extremely hard 
rock and often contains other minerals such as galena and 
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pyrite.  The cavities were then usually wholly or partially 
infilled with some ankerite and other minerals such as 
galena, sphalerite, pyrite and minor chalcopyrite, with the 
gangue minerals fluorite, quartz, calcite, baryte, witherite 
and barytocalcite.  In addition to these, there were many 
other minor species.  With the exception of ankerite, which 
is extensively altered to ‘limonite’, supergene minerals are 
usually not very well developed in the flats.  Bridges and 
Young (1998) report numerous species, but specimens are 
mostly quite small and are often post-mining in origin.

This paper describes a small near-surface flat deposit 
in Upper Weardale and compares it with the better known 
large deposits of the area.

ThE SITE ANd GEOlOGICAl BACKGROuNd
Park Level [NY 8258 4308], now on the site of the 

award winning Killhope, The North of England Lead 
Mining Museum, was driven to work a complex of 11 
veins, in the Great Limestone, to the west of the portal.  
The veins, which are illustrated in Dunham (1990, p. 174), 
were fairly poorly mineralised until the Killhopehead Vein 
was reached, this providing plentiful lead ore.  However, 
long before Park Level was driven, the veins were worked 

opencast in a series of hushes, one of the largest of which 
was Middlegrove (Middle Grove) Hush.  The whole area of 
the hushes is now covered in dense coniferous forest, but 
Figure 1 is an old aerial photograph of the area, annotated to 
show the position of the more easterly veins of the complex.  
In the mid 1990s local estate workers removed a quantity 
of waste rock from the hushes and, in so doing, exposed a 
small flat deposit at the intersection of an un-named cross 
vein and Middlegrove Vein [NY 8218 4325].  The site of the 
flat is marked with an ‘X’ on Figure 1.  All the workings are 
in the Great Limestone (Namurian), which is well exposed 
in Middlegrove Hush and the un-named cross vein hush.  
Figure 2 shows the intersection of the above two veins, 
looking towards the west end of the un-named vein.  

Figure 3 is taken just to the left (south) of Figure 2 
and shows the remaining exposure of the flat deposit.  The 
brown part of the obvious bed of limestone is mainly altered 
ankerite-quartz and the dark grey is unaltered limestone.  
The visible bed of rock is about 2 m high, but galena in the 
floor in the front of the photograph suggests the actual height 
of the deposit is greater than this.  Above the limestone is 4 
to 5 m of glacial deposits.  On the left hand side of Figure 
2, a minor valley feature can be seen, but it is not possible 
to say whether this is natural or the result of human activity.  
Figure 4 is a photograph of part of the deposit, 75 cm wide, 
showing several cavities, brown altered ankerite and some 
grey/brown unaltered limestone.

figure 1. Aerial photograph of the Killhope site showing the 
position of the more easterly veins and the site of the small flat, 
marked with an ‘X’ (left of centre).  The view is 1 km across.

figure 2. The northwest end of the un-named cross vein at its 
junction with Middlegrove Vein.

figure 3. The site of the small flat deposit.  Note the minor valley 
feature to the left (south).

figure 4. Part of the flat deposit showing cavities and oxidised 
ankerite.  The scale rod is 5 cm long.
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mINERAlOGy
The mineralogical notes that follow were made on the 

basis of inspection of a large number of loose blocks and 
fragments.  Although the cavities left in the exposure are 
no more than a few centimetres wide, the blocks suggest 
cavities reached at least 0.5 m across and quite possibly 
more.  The blocks also suggest that most of the cavities 
were nearly full of minerals, open spaces for good crystal 
development being comparatively rare.

Identification of the relatively simple suite of minerals 
was mainly by visual and wet chemical means, the main 
exception being dundasite.

ANGLESITE, PbSO4

Several small specimens of anglesite were found 
in the deposit.  They mostly take the form of clusters of 
small sword shaped crystals, up to 1 mm long, in cavities 
in corroded galena crystals or more commonly in irregular 
cavities which may have resulted from the oxidation of 
pyrite, although in one cavity, residual corroded sphalerite 
is present.  Figure 5 shows a typical assemblage of anglesite 
crystals, the largest being 1.5 mm long.  On a single 
specimen, minute (0.25 mm) sword shaped crystals are 
perched on jackstraw crystals of cerussite (Figure 6).  In 
every case, brown stains and crusts of ‘limonite’ are present.

ANKERITE, Ca(Fe,Mg,Mn)(CO3)2

Ankerite is by far the most abundant mineral in the 
deposit and significant amounts are still left in situ.  Small 
saddle shaped crystals, generally no more than 1 to 2 mm on 
edge line many of the cavities and provide a base for other 
minerals.  Much of the ankerite is extensively oxidised to 
‘limonitic ochres’.

CALCITE, CaCO3

Crusts of small rhombic crystals of calcite, up to 2 mm 
across occurred rarely in cavities lined with small oxidised 
ankerite crystals.  This calcite appears to be supergene in 
origin.

CERUSSITE, PbCO3

Cerussite was more common than anglesite in the 
material from the flat.  It occurred as complex clear pseudo-
hexagonal prisms with pyramidal terminations up to 5 mm 
long (Figure 7), as small tablets and rarely as jackstraw 
crystals.  Some of the crystals appear to be pseudomorphing 
anglesite, having the latter’s sword shaped morphology and 
with a white minutely crystalline surface (Figure 8, next page).

DUNDASITE, PbAl2(CO3) 2(OH)4·H2O
On a single specimen, white pearly flakes coating a 

small area were confirmed to be dundasite by XRD at 
Manchester Museum.  The flakes, which covered an area of 
no more than 2-3 mm2, had formed on iron-stained cerussite 
in a small mass of galena.  Unfortunately, the specimen had 
to be almost entirely destroyed to secure the identification, 
but this is the first confirmed report of dundasite from the 
Northern Pennine Orefield and only the second from the 
whole of the Pennines (Tindle, 2008).

FLUORITE, CaF2

Pale purple fluorite was by far the most abundant cavity 
infilling, occurring in blocks up to 30 cm across.  Crystals 
were comparatively rare and when found were mostly little 

figure 5. A group of anglesite crystals up to 1.5 mm in a ‘limonite’-
coated cavity in galena.

figure 6. Anglesite crystals up to 0.5 mm long on cerussite in a 
‘limonite’-coated cavity in galena.

figure 7. Cerussite crystals up to 5 mm long in a cavity in oxidised 
ankerite with a silver grey coating of supergene galena.
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more than 10 mm on edge and were usually extensively 
weathered.  Some crystals showed the edge bevelling which 
is more common in Derbyshire than the Northern Pennines.

GALENA, PbS
Masses of galena reaching about 15 cm across were 

quite common in the deposit, generally occurring associated 
with the ankerite and fluorite.  Crystals were rare, but Figure 
9 shows one example of cubo-octahedral crystals up to 12 
mm on edge in a cavity lined with small ankerite and fluorite 
crystals in a mass of ankerite and fluorite.

In one cavity, galena occurred as a layer of minute cubes 
on oxidised ankerite crystals with cerussite in the same 
cavity (Figure 7).  It is considered this galena is supergene 
in origin (Green et al., 2005).

GOETHITE, FeO(OH)
Much of the ankerite is oxidised to brown-black ochrous 

material which is considered to be mainly goethite.  In 

addition, coatings of similar material in cavities in galena 
may be the result of oxidation of pyrite, which has not been 
found as such in the deposit.  Black botryoidal crusts of 
goethite are rare, but have been found.

HEMIMORPHITE, Zn4Si2O7(OH)2·H2O
On a single specimen, a crust of minutely crystalline 

brown hemimorphite on fluorite and galena covered an area 
15 mm across (Figure 10).  Cerussite was in association.

LEADHILLITE, Pb4SO4(CO3)2(OH)2

In one piece of galena, 6 cm across and partly coated 
with goethite and fluorite, a cavity at the junction between 
the galena and goethite contains two clusters of 1 mm thin 
hexagonal plates of leadhillite.  Elsewhere on the specimen 
are cerussite, thin coats of smithsonite on fluorite and some 
‘dry bone ore’.

QUARTZ, SiO2

Quartz is quite rare, but has been observed as small 
glassy hexagonal crystals in some of the cavities.

SMITHSONITE, ZnCO3

Smithsonite was more common than hemimorphite, 
occurring as scattered globular-shaped, pale buff to dark 
grey crystals up to 0.5 mm long on fluorite and oxidised 
ankerite crystals (Figure 11).  On some specimens oxidation 
of sphalerite has resulted in a brown skeletal crust of 
smithsonite (‘dry bone ore’) and on another, minute crystal 
face development can be seen on the globules (Figure 12).

SPHALERITE, ZnS
Residual brown sphalerite was rare, possibly because 

most of it has completely oxidised.  When found it was 
always heavily corroded.  Irregular cavities with smithsonite 
and hemimorphite indicate it was originally more common 
though always subordinate to galena.

figure 8. Cerussite crystals, 2 mm long, with the morphology of 
anglesite.

figure 9. Cubo-octahedral crystals of galena, up to 12 mm across, 
in a cavity in ankerite and fluorite.

figure 10. Crust of brown hemimorphite on fluorite and galena in 
a cavity 15 mm wide.
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SULPHUR, S
In a single cavity in galena, lined with brown goethite, 

perched on small anglesite crystals are three minute pale 
yellow 0.2 mm crystals of native sulphur.

dISCuSSION
The primary mineralisation of the flat deposit is 

dominated by ankerite and fluorite, with galena as the main 
ore.  Sphalerite and quartz are very much subordinate to 
these.  No more than 3 km to the west are the large flat 
deposits of the Nenthead mines, where fluorite is relatively 
rare and sphalerite and quartz far more abundant than at 
Killhope.  The sharpness of the demarcation lines between 
the various zones of the Alston Block as drawn up by 
Dunham (1990) are well illustrated here.  

The size of the ‘veins’ shown on Figure 2 probably 
indicates these to be mineralised fracture zones with 
alteration of the enclosed limestone to ankerite with 
occluded galena. Old Moss Vein, which can be seen in the 
Killhope Burn [NY 8201 4337] below the site of the flat 
deposit, takes this form and is several metres wide.  

Oxidation of the deposit, which is very close to 
the surface, has resulted in extensive alteration of the 
ankerite to goethite, and sphalerite to smithsonite with 
minor hemimorphite.  The oxidation of the galena is more 
interesting in that, in a limestone-dominated deposit, 
cerussite would be expected to be the main supergene lead 
mineral to the exclusion of more or less all others.  The 
reality at Killhope is that, while cerussite is more common 
than anglesite, the latter is relatively common by Northern 
Pennine standards.  The formation of anglesite, leadhillite 
and sulphur, all of which are present in the deposit, requires 
a fairly low pH and these conditions normally arise from 
the oxidation of pyrite which gives rise to sulphuric acid 
and goethite at all but very low pH.  Although pyrite has not 
been found in this study, its former presence would seem to 
be indicated, a view supported by the amount of goethite 
occurring in most of the cavities.

The supergene galena that occurred in one of the 
cavities indicates that at some point after oxidation started, 
conditions briefly became reducing, probably due to a 
temporary rise in the water table (Green et al., 2005).

There seems to be no particular reason why dundasite 
should be unique to this site.  There is certainly no obvious 
source of the aluminium other than the overlying glacial 
deposits.  The mineral is easily overlooked and may be 
more common than the records indicate.
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figure 11. Small globular crystals of smithsonite up to 0.5 mm 
long in a cavity in fluorite and galena.

figure 12. A crust of minute smithsonite crystals on fluorite and 
galena.  The field of view is 10 mm.
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INTROduCTION
Westernhope Old Mine, one of the most remote sites 

in the Alston Block of the Northern Pennine Orefield, is 
situated deep inside the grouse moors south of the village 
of Westgate in Weardale.  The nearest road is 2 km of rough 
moorland away as the crow flies and significantly further 
by any practical route.  The site was visited by Russell 
Society members in the late 1980s and significant amounts 
of supergene copper minerals were found on the spoil 
heaps, one of very few Alston Block sites where this is the 
case.  Local information indicated there had been significant 
changes at the site since that time and in 2010 a visit was 
made to see what had happened to this interesting locality.

ThE SITE
Figure 1 shows the site as it appeared in 1988.  The 

mine was worked from a level (portal at NY 9195 3450) 
just upstream of the small semi-derelict building, which 
was the living quarters (mine shop) for the miners during 
the working week, when it would have been impossible for 
them to return home each day.  Downstream of the mine 
shop can be seen an area of dumps in two parts with a 
grassy area below them and no track to the site.  Figures 2 
and 3 show the site as it is now, though not from the same 
perspective.  It can be seen that a large amount of spoil has 
been removed to make the Land Rover track to the mine 
shop, which is now a grouse shooting cabin.  In addition, a 
large part of the dumps and the grassy area below have been 
converted into an area of hard standing.  Regrettably, these 
changes have eliminated what was the most interesting area 
of the dumps from the point of view of the mineralisation.  
For this reason this is considered to be an opportune time to 
summarise the mineralogy of the site.

GEOlOGy
According to Dunham (1990), the level was driven 

below the Great Limestone (Namurian) to reach a NE-
SW trending vein which was worked over a distance of 
about 1300 m.  Dunham states that trials were made below 
the Great Limestone to the Four Fathom Limestone with 
unknown results.  Based on this information, it might 
be expected that the waste rock on the dumps would be 
dominated by metasomatised and unaltered limestone, but 
this does not seem to be the case.  Sandstone and silicified 
shales, often brecciated and cemented by quartz, are far 
more common.  The mine was worked for galena, but the 
amount of copper ore in dump material suggests that this 
may have been a by-product with no recorded output.

A REPORT ON ThE wESTERNhOPE Old mINE, wEARdAlE, CO. duRhAm

Trevor F. BRIDGES
10 Springfield, Ovington, Prudhoe, NE42 6EH

westernhope Old mine, situated deep in the grouse moors to the south of westgate in weardale, was one of the few 
places in the Northern Pennine Orefield where a wide range of supergene copper minerals including malachite, azurite, 

cuprite, native copper, ‘chrysocolla’ and linarite could be found in reasonable amounts. unfortunately, a large part 
of the dumps, including the most mineralogically interesting part, has been removed and used to make a track to a 

shooting cabin.  This paper describes the site mineralogy based on old and recently collected material.

figure 1. Westernhope Old Mine in 1988.

figure 2. Westernhope Old Mine looking north in 2010.  Note the 
new track built with mine spoil.

figure 3. Westernhope Old Mine looking south in 2010.  A 
significant amount of dump has been moved from the vicinity of 
the figure.
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ThE mINERAlS
Where a mineral is not considered to be positively 

identified, the name is given in lower case.  

Primary minerals
Considering the primary minerals first, most of the 

material examined forms a consistent assemblage, but in 
1988 a single block, of portable size, was found consisting 
of crystalline ankerite with a high concentration of occluded 
sphalerite.  This is so different to everything else at the site 
that it probably originated elsewhere and for this reason it is 
not included in the mineral descriptions that follow.

ANKERITE, Ca(Fe,Mg,Mn)(CO3)2

Ankerite is uncommon.  Crystals have not been found, 
but a few blocks to 10 cm across have been found associated 
with, and in some cases encrusted by, quartz.  The blocks 
have been oxidised to a brown surface, but fresh fractures 
show the typical grey-brown finely crystallised surface of 
the mineral.  In addition, some of the veinstuff shows small 
clasts of highly oxidised ankerite in the quartz and other 
primary minerals.

BISMUTHINITE, Bi2S3

Very rarely, in material collected in 1988, minute needles 
of bismuthinite, up to 1 mm long, occurred embedded in 
quartz with chalcopyrite in association.  In one example 
only, a cluster of needles bridged a cavity 0.5 mm across.  
Dunham (1990) notes that it was found at several other 
localities where chalcopyrite occurs, e.g. Redburn Mine and 
Whiteheaps Mine.

CHALCOPYRITE, CuFeS2

Chalcopyrite is common as small inclusions, generally 
less than 5 mm across, in quartz.  Some of this material is 
relatively rich in the mineral, though it would have been 
difficult to work due to the hardness of the quartz.  A few 
larger pieces of the mineral up to 15 mm across were found 
in the 2010 study.  Rarely, minute crystals occurred in 
cavities in quartz in 1988 material.

FLUORITE, CaF2

The second most abundant mineral on the dumps (after 
quartz), is pale purple fluorite which occurs in quite large 
lumps.  Crystals are relatively rare, but were found as small 
pale yellow cubes, up to about 10 mm across, in the track 
in 2010.  Some of the fluorite is stained blue by azurite, 
oxidised from underlying chalcopyrite.

GALENA, PbS
Although this was the main ore worked, it is by no means 

common on the dumps.  It does occur as small inclusions in 
quartz, similar to the chalcopyrite described above.  In the 
2010 study, a single specimen was found where damaged 
cubic crystals on an irregular surface reached 25 mm on edge.

QUARTZ, SiO2

Quartz is the most abundant mineral on the dumps, 

occurring in large lumps, often incorporating other 
minerals.  Quartz-cemented breccias of sandstone, shale 
and some ankerite are common.  Crystals are also common, 
forming minute encrustations on surfaces, but occasionally 
as irregular hexagonal pyramids reaching 10 mm across.  
Banded chalcedony can also be seen in some of the quartz 
blocks.

A single quartz specimen, part of a large cavity with 
galena crystals, had thin quartz plates, 10 mm on edge, 
forming hollow, near cubic, structures.  These may well be 
epimorphs after fluorite (Bridges and Wilkinson, 2003 and 
2005).

Secondary minerals
There follows an account of the supergene minerals 

found at the site.  It should be noted that several of these 
were briefly summarised by Bridges and Young (1998), but 
the following account is more detailed and comprehensive.

ANGLESITE,PbSO4

White and semi-transparent crusts on galena often test 
as anglesite rather than cerussite, which also occurs in this 
form.  In addition, small (0.5 mm) glassy blocky crystals 
have been found in cavities in quartz.

AZURITE, Cu3(CO)2(OH) 2

Earthy and microcrystalline blue encrustations and 
stains on fluorite were common in 1988 and are still easy to 
find on the remains of the dump (Figure 4).  Less common 
are crystals, but small examples can still be found and were 
common in 1988.  Rarely these reach 1.5 mm long, but most 
are microcrystalline (Figure 5, next page).

BROCHANTITE, Cu4(SO4)(OH)6

On a single specimen, collected in 1988, a cavity in quartz, 
10 mm across, contains a number of roughly hemispherical 
aggregates of pale emerald green brochantite crystals 
reaching a maximum of 1 mm diameter in association with 
a few flat blades of malachite (Figure 6).  Both species were 
confirmed by XRD at Manchester Museum.

CERUSSITE, PbCO3

Cerussite is quite common and occurs mainly as very 

figure 4. Azurite encrusting iron-stained quartz. Specimen width 8 cm.
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small white jackstraw crystals and as crusts on oxidising 
galena.  Figure 7 shows a jackstraw crystal 10 mm long.  
Common associates are malachite and ‘chrysocolla’, but 
see also leadhillite below.

‘Chrysocolla’, copper silicate gels
Pale turquoise blue coatings of copper silicate are 

uncommon, but were found in both studies.  An example 
is shown in Figure 8.  Moreton (2007) concluded that at 
Tankardstown Mine in Co. Waterford, Ireland this type of 
deposit is a copper-bearing silica gel.  Further investigations 
by Green et al. (2008) and Bridges et al. (2008) on 
specimens from the Caldbeck Fells confirmed Moreton’s 
conclusion.  The specimens from Westernhope Old Mine 
are very similar to the above and there is no reason to think 
they are not also a gel.  The convention adopted for sites 
in the Caldbeck Fells of calling this type of mineralisation 
‘chrysocolla’ (in inverted commas) is continued here.

CUPRITE, Cu2O and COPPER, Cu
In 1988, from the now demolished part of the dump, a 

small number of specimens were found with mainly earthy 
or microcrystalline coatings of red cuprite on fractures in 
iron stained quartz (Figure 9).  Individual coatings reached 
20 mm across, but most were much smaller than this.  The 
structure of the fractures suggests the cuprite formed as a 
post-mining mineral.  Common associated minerals are 
chalcopyrite and malachite.

Bridges and Young (1998) reported the presence of minute 
dendritic native copper in association with the above.  These 
structures can still be seen, but unfortunately have turned black 
on storage.  Individual dendrites do not exceed 1mm in length.

figure 6. Pale green aggregates of brochantite with darker green 
tablets of malachite.  The cavity is 10 mm across.  Specimen 
collected 1988.

figure 7. Jackstraw crystal of cerussite, 10 mm long, in a cavity lined 
with malachite in a goethite/quartz block. Specimen collected 1988.

figure 8. An encrustation of ‘chrysocolla’ with minor cerussite 
crystals coating quartz and fluorite.  The cavity is 15 mm wide. 
Specimen collected 1988.

figure 9. Earthy encrustation of cuprite on quartz/chalcopyrite 
matrix.  The field of view is 25 mm wide. Specimen collected 1988.

figure 5. Azurite crystals, up to 0.6 mm wide, on quartz.  Specimen 
and photograph: David Green.
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GOETHITE, FeO(OH)
Brown ‘limonitic ochres’ and stains are extremely 

common on specimen material and as an alteration product 
on the surface of ankerite.  In addition, quite large lumps of 
ochrous material can still be found and occasionally these 
contain botryoidal crusts of black goethite with the typical 
radiating internal structure (Figure 10).

JAROSITE, KFe3(SO4)2(OH)6

A powdery yellow coating in a cavity in quartz, having 
the appearance of a member of the jarosite family, was tested 
by energy dispersive X-ray spectroscopy. The elements 
potassium, iron and sulphur were found, confirming the 
mineral as jarosite rather than a related mineral such as 
plumbojarosite.

Leadhillite, Pb4SO4(CO3)2(OH)2

In a small cavity in quartz, lined with small pyramidal 
crystals of quartz, is a glassy colourless hexagonal prism, 
1 mm across and c. 0.5 mm thick which has the typical 
appearance of leadhillite.  Since analysis would completely 
destroy the specimen, it has not been fully identified. 
The crystal is in association with a similar sized pseudo-
hexagonal pyramidal crystal of cerussite on which is 
perched a minute anglesite crystal.  The specimen was 
collected in 1988.

LINARITE, PbCuSO4(OH)2

Monoclinic flat blades of royal blue linarite were found 
in 1988 scattered on quartz veinstone with malachite in 
association.  Crystals were of the order of 0.5 mm long 
and had clearly formed as a result of oxidation in the dump 
(Figure 11).

MALACHITE, Cu2(CO3)(OH)2

Green crusts of malachite on veinstone were the most 
obvious copper mineral in 1988 and this remains the case 
in 2010.  Crusts can be earthy (possibly due to weathering), 
encrustations of minute radiating needles or assemblages of 
longer needles, which rarely exceed 2 mm in length.  On two 
specimens, collected in 1988, the malachite took the form 
of 1.5 mm long flat blades, 1 mm wide and 0.5 mm thick.  

On one of these specimens, brochantite was in association 
(Figure 6), but by far the commonest associates of malachite 
are cerussite and azurite.  Figure 12 shows a piece of iron-
stained quartz veinstone with malachite encrusting and 
infilling numerous small cavities.  Figure 13 shows another 
smaller piece with minute radiating malachite crystals.

dISCuSSION
Westernhope Old Mine is situated well within the fluorite 

zone of the Alston Block as defined by Dunham (1990).  As 
such the primary assemblage of quartz and fluorite with 
galena is typical of the zone.  The near complete lack of 
carbonates is somewhat unusual, considering proximity to 
the Great Limestone.  There is also a complete absence of 
sphalerite (ignoring the atypical block discussed above) and 
supergene zinc minerals.  Pyrite has also not been found 
but see later.  The most unusual aspect of the primary 
mineralogy is the relative abundance of chalcopyrite with 
minor associated bismuthinite, which only occurs at a 
relatively small number of sites in the orefield.

The presence of large lumps of limonitic ochrous 
material may indicate the former presence in the vein of 

figure 10. Mass of ‘limonitic ochre’, with hard black goethite.  
The specimen is 10 cm wide and was collected in 2010.

figure 11. Encrustation of linarite crystals on quartz.  Field of 
view is 10 mm wide and the specimen was collected in 1988.

figure 12. Quartz/goethite veinstone with numerous cavities lined 
with malachite.  The specimen is 11 cm wide and was collected in 1988.
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significant pyrite which has been fully oxidised.  While the 
oxidation of chalcopyrite also results in ochrous material, 
there does not seem to have been enough chalcopyrite to 
give rise to these large lumps.

Apart from the ochrous material, the supergene 
mineralogy is dominated by copper minerals.  While 
anglesite and cerussite are present, these are far subordinate 
in quantity to malachite and azurite.  Azurite was as common 
here as at any other site in the orefield, occurring as good, 
if small, crystals.  The formation of azurite requires high 
partial pressures (pCO2) of carbon dioxide in the atmosphere 
in the vein (Williams, 1990), conditions which are easiest 
to explain if the sulphuric acid released by the oxidation 
of pyrite is reacting with carbonates.  The former presence 
of carbonates such as ankerite and calcite is indicated even 
though the former is fairly rare and the latter has not been 
found in this study.

The presence of admittedly very small amounts of 
cuprite and native copper indicate a minor amount of 
supergene enrichment in the vein during the oxidation 
process.  The conditions necessary for the formation of 

these minerals (Williams, 1990) are easiest to explain if 
supergene enrichment forms copper (I) sulphides such as 
chalcocite below the water table, which are subsequently 
oxidised as the water table lowers.

It is regrettable that this interesting site has been largely 
destroyed.  Its remoteness might have been expected to 
afford it protection, but alas this was not the case.
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