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EDITORIAL 
The Russell Society is a mineralogical society which embraces the interests of both amateur and professional 
mineralogists. Named after the eminent British amateur mineralogist Sir Arthur Russell (1878-1964), the Society 
was founded in Leicester in 1972. Since then it has developed considerably, with members throughout the United 
Kingdom and abroad . A network of branches has developed in order to provide members with greater 
opportunity for personal contact and better communication. At present, four branches have been established: a 
Central Branch based in Leicester, a Wales and West Branch based in Cardiff, a North East Branch based in 
Newcastle upon Tyne and a South West Branch based in Cornwall. 

The Society provides a focus of interest through lectures, informal discussion groups, exhibitions and 
excursions to mineralogical sites throughout the British Isles. In addition , the Society produces two publications 
for the dissemi nation of information, The Journal of the Russell Society and the Newsletter. The J oumal publishes 
papers from amateurs and professionals alike , specializing in the topographical mineralogy of the British Isles , 
but also promoting papers more internationally based , those reviewing techniques in mineral identification and 
analysis and reports of relevant conferences and mineral shows. Instructions for authors are given in the current 
issue. The editorial board is willing to help prospective authors to set out their manuscripts in the required 
fashion. The newsletter is produced with the aim of keeping members up to date with Society events , programme 
details, new members, changes of address and mineralogical news. 

An important aspect of the work of the Society is the conservation and recording of mineralogical sites and the 
preservation of mineralogical material, together with the systematic scientific recording of specimen details. 
Encouragement is given to responsible collecting and members work closely with local and national museums . 

The Society maintains a library covering mineralogy, crystallography and petrology, as well as general geology 
and palaeontology, together with a range of periodicals and off-prints . This library is housed at Leicestershire 
Museums, New Walk, Leicester, and material is available for loan by arrangement. 

Further details and membership application forms are available from the Membership Secretary, Mr F. 
Werner. 

ERRATUM 

The Russell Society gratefully acknowledges the 
generous financial support of 

BARDON HILL QUARRIES LTD. 
towards publication costs. 

J. Faithfull, Strontianite from near Yate (Avon). 
Journal of the Russell Society, 2(1),1-3 (1988). 

An incorrect locality was given in this paper. 
The correct locality (p. 1) is: ... old dump in the 
north-east corner of the field, about 200 m east of 
Leechpool Farm, on the south side of Tanhouse 
Lane, Yate, Avon [ST 709852]. 

Richard E. Bevins 
Journal Editor 
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BARIUM FELDSPAR ROCKS FROM BROKEN HILL, 
NEW SOUTH WALES 

IAN PLIMER 

Department of Geology, University of Newcastle , NSW 2308, Australia 

Celsian-hyalophane rocks similar to those of the Scottish Dalradian are present stratigraphically 
beneath the massive Broken Hill ore deposits . The barium feldspars are strike equivalents of quartz
magnetite rocks which overlie minor Zn-Pb sulfide rocks whereas a Ba-rich mica horizon overlies the 
Broken Hill deposit itself. Before high grade metamorphism and intense deformation, the barium 
feldspar rocks were originally seafloor hot spring precipitates comprising cymrite and illite . 

INTRODUCTION 

The Broken Hill deposit, New South Wales, 
Australia has been the largest single world 
producer of lead, zinc and silver for over a century. 
It is well known to mineral collectors for its exotic 
secondary minerals developed by the weathering 
of the exposed orebody during temperate, tropical 
and arid conditions during the last 50 million years . 

Barium feldspar rocks were first discovered at a 
locality near Broken Hill called "The Piggery" by 
the Antarctic explorer Sir Douglas Mawson 
(Mawson and Segnit, 1946; Segnit , 1946). This 
study provides additional information on these 
rocks from New South Wales and suggests that 
they derive from the high grade metamorphism of 
cymrite, a mineral first described from Rhiw , 
North Wales. 

GEOLOGY 

The Broken Hill area comprises a sequence of 
Lower Proterozoic, high metamorphic 
grade, intensely deformed metasediments, 
metavolcanics, and mafic and felsic intrusives. The 
area has undergone a number of episodes of coeval 
Middle Proterozoic metamorphism and 
deformation followed by a long history of 
retrogression. The original sequence was more 
than 6.8 km in thickness and , despite intense 
tectonism, still displays sedimentary structures 
(Willis et al., 1983). 

It has been suggested on the basis of the 
thickness of the immature sedimentary rocks, the 
sedimentary structures , the sedimentary facies 
relationships and the chemistry of the bimodal 
metavolcanic suite that the area had originally a 
deep water rift setting (Willis et at. , 1983). In the 
rift stage, three major events of submarine basaltic 
volcanism were accompanied by a great increase in 
the geothermal gradient, and the resultant 
precipitation of submarine hot spring precipitates 
(Figure 1) derived from the cooling of a heated pile 
of sediments and volcanics by circulating fluids 
(Plimer, 1986). 

BARIUM FELDSPAR ROCKS 

The only locality where barium feldspar rocks are 
known from Broken Hill is at "The Piggery" , 3 km 

SW of Broken Hill, in the uppermost portion of 
the Thackaringa Group (Figure 1). Outcrops up to 
4 m wide and 30 m in strike length lie within coarse 
grained felsic gneiss of the Himalaya Formation. 
The barium feldspar lenses occur as strike 
equivalents to the quartz-magnetite rocks 
characteristic of the upper part of the Himal.a.ya 
Formation (e.g. The Pinnacles). Quartz
magnetite rocks at Broken Hill are regarded as a 
distal submarine hydrothermal precipitate 
(Plimer, 1986) and have no close relationship to 
sulfide mineralization. At the Pinnacles Mine, 16 
km south west of Broken Hill , the Pinnacles Zn 
and Pb sulfide horizons laterally grade into Fe-Mn 
silicate-rich rocks and are overlain by a 
spessartine-magnetite-quartz horizon some 30 m 
beneath the quartz-magnetite rocks. It is 
concluded that the barium feldspar rocks at 
Broken Hill have no known spatial relationship to 
mineralization. 

The only other known barium-rich horizons at 
Broken Hill occur as a barium-rich biotite horizon 
at the top of the Hores Gneiss immediately above 
the Broken Hill orebody (Figure 1). However, 
minor benitoite (BaTiSi30 q) occurs in the Parnell 
Formation at the Allendale Mine (Plimer, 1984) 
and Mason (1987) reported armenite 
(BaCazAI6Si903o.2H20) from near the Allendale 
Mine in lower grade metamorphic rocks (where 
p(HzO) was high) than tho~e from the Piggery . 
Minor barite (BaS04) horizons occur in the 
adjacent Olary Block, but no barite horizons are 
present in the Broken Hill Block. Barite is present 
as a minor late stage mineral in fault zones 
transgressing the main Broken Hill orebody. 

The barium feldspar lenses occur on the western 
limb of a south-plunging F2 isoclinal synform, are 
conformable with both bedding and gneissosity, 
and are characterized by their extremely fine grain 
size and thin capping of silcrete. In hand specimen, 
the rock contains schlieren of biotite and titanite 
up to 2 mm thick and 8 em in length. These 
schlieren are coplanar with both bedding and 
gneissosity, are within leucocratic saccharoidal 
barium feldspar-quartz aggregates, and are 1-10 
em apart. 
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FIGURE l. Stratigraphy and mineralization of the Broken Hill district. New South Wales . 

No coarse grained or specimen quality barium 
feldspars have been found. In thin section the rock 
comprises a fine grained (0.2-0 .8 mm) granoblastic 
to slightly foliated celsian-hyalophane-quartz
biotite-titanite aggregate. Barium feldspars were 
originally identified on the basis of optical 
properties, followed by wet chemistry and major 
element chemistry (Segnit,1946) and confirmed in 
this study by X-ray diffraction, X-ray 
fluorescence, whole rock analysis and electron 
microprobe analysis (Table 1). 

2 

As part of a regional study of the submarine 
hydrothermal precipitates (exhalites) in the 
Broken Hill Block , rare element determinations 
have been undertaken on the barium feldspar rock 
(Figure 2). In the Broken Hill area, exhalites in 
proximity to mineralization are characterized by a 
positive europium anomaly and very high light 
rare earth element contents in contrast to distal 
exhalites which contain a negative europium 
anomaly and lower light rare earth element 
contents (Plimer and Lottermoser, 1988). These 



TABLE 1 

Chemical analysis (%) of barium feldspar rock 
and constituent minerals. 

XRF whole rock Electron microprobe 
analysis analysis 

celsian hyalophane 

Si02 40.78 32.39 52.66 
Ti02 0.52 0.09 
Al20 3 33.60 27.21 21.67 
Fe20 3 1.16 0.08 
MgO 0.04 0.02 
MnO 0.97 
CaO 9.82 0.02 0.01 
BaO 10.94 39.55 13 .70 
Nap 0.86 0.17 1.39 
KP 0.38 1.01 9.10 
PPs 0.14 
LOI 0.93 
TOTAL 100.04* 100.37 98.70 

*Includes Pb, 37; Cu , 4; Zn , 39; Sr, 1468 ppm. 

data suggest that an original depositional basin for 
the stratiform ore can be defined on the basis of 
oxidation-reduction boundaries (using europium) 
and the flooding of distal exhalites by seawater 
(cerium anomaly). Barium sulfate is generally 
considered to be a mineral more typical of the 
waning stage of seawater-dominated submarine 
hydrothermal systems wherein low temperature 
sulfide-poor precipitates are common. The barium 
feldspar rocks contain elevated light rare earth 
element contents and a lack of a significant 
europium anomaly, in accord with the lack of 
sulfides in the horizon with mineralization (Plimer 
and Lottermoser, 1988). 
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FIGURE 2. Chondrite-normalized rare earth 
patterns of two samples of barium feldspar rock 
from Broken Hill. 

DISCUSSION 

Many sediment-hosted submarine hydrothermal 
deposits in rift settings contain a significant barite 
content , regardless of the metamorphic grade. 
Therefore , the presence of barium silicates reflects 
original pre-metamorphic barium silicate 
deposition and not reaction between barite and 
silicates to produce barium silicates. 

The stratigraphic facies relationships, the 
paucity of associated or strike equivalent sulfides, 
and the rare earth element geochemistry suggest 
that the barium feldspar lenses are a distal 
exhalite. In the Aberfeldy Ba-Zn occurrences in 
the Dalradian of Scotland, Fortey and Beddoe
Stephens (1982) described the occurrence of 
barium silicates in rocks lacking barite. Cymrite 
(BaAI2Si20s.H20) and celsian and hyalophane 
pseudomorphs after cymrite in amphibolite facies 
metamorphosed sulfide rocks occur in the 
Aberfeldy occurrences. Barium silicates are rare 
in other metamorphosed sediment-hosted 
submarine hydrothermal deposits (e.g. Rosh 
Pinah, Namibia; Page and Watson , 1976) and only 
occur at the waning stages at low temperatures in 
sequences distal in space or time from a submarine 
hydrothermal conduit. In contrast , barite is 
abundant (e.g. Meggen , Rammelsberg; F.R. 
Germany; Selwyn Basin , Canada) in sulfur-rich 
metamorphosed submarine hydrothermal Zn-Pb
Ag deposits . 

As a result of multiple intense deformation and 
two generations of granulite facies 
metamorphism, no textural evidence remains to 
ascertain precursors to exhalite mineralogy at 
Broken Hill. Suggested precursor submarine 
hydrothermal mineral assemblages (on the basis of 
chemistry) for the various exhalites include 
opaline silica, carbonates, oxides, clays and 
sulfides (Plimer, 1986). Mass balance calculations 
show that an impure cymrite rock(Si02 32%, 
AIP3 26%, BaO 36%, HP 5%) could be 
metamorphosed to celsian (Si O2 32 % , AIP3 28 %, 
BaO 38%) and, if there is excess barium, the pre
metamorphic mineralogy of cymrite-clay could 
react to the celsian-hyalophane-biotite rocks at 
Broken Hill. 
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ALUMOHYDROCALCITE FROM THE BRISTOL 
DISTRICT 

C. ALABASTER 

Department of Geology, Wills Memorial Building, University of Bristol , Queen's Road , Bristol, BS8 IRJ 

Alumohydrocalcite is recorded from cavities within a sandstone fillin g in a sink hole in the 
Carboniferous Limestone at Woodleaze Quarry, near Tytherington , Bristol. Alumohydrocakite is 
associated with gibbsite, allophane , and a carbonate-containing aluminous phase of variable 
composition _ Alumohydrocakite appears to have form ed through the action of CaHCO,-rich 
groundwater on allophane and the carbonate-containing phase, possibly under periglacial conditions , 
in Pleistocene times _ 

INTRODUCTION 

Alumohydrocalcite , CaAI2(CO,MOH)4_ 3H20 , is 
a rare mineral. First found as an alteration product 
of allophane (Bilibin, 1926) , alumohydrocalcite 
has since been described from about 15 localities 
worldwide_ In all cases it is a secondary mineral 
and is present in only small amounts_ Howell 
(1878) noted the occurrence of a supposed 
carbonate of calcium and aluminium ("hovite") 
from two localities in the Brighton area_ This 
material has not been systematically investigated , 
although Bilibin (op _ cit_) stated that it is related to 
alumohydrocalcite _ Alumohydrocalcite has 
subsequently been identified in scarbroite-bearing 
sandstones from Scarborough, and Weston Favell 
in Northamptonshire (Ryback, 1988) _ 

GEOLOGICAL SETTING 

Tytherington Quarries (grid_ ref. ST 656 885) , 
located on the west limb of the North Bristol 
Syncline, work well-bedded hard, grey marine 
limestones of the Lower Carboniferous Black 
Rock Group_ Woodleaze Quarry (Figure 1), the 
newest of the three quarries, and in which 
alumohydrocalcite is found, currently comprises a 
370 m long, narrow (ca_ 40 m), 30 m deep trench 
benched at the western end at 5 m and 10 m_ Dips 
average 40° to the southeast and there are two 
major sets of joints which strike 105° and 1500-

Some of the joints host thin (>10 em) calcite 
veins which locally contain galena, pyrite, 
sphalerite, and barite; a few have been enlarged to 
form deep narrow fissures, now filled with 
Triassic-Rhaetic age sands and clays (neptunean 
dykes) _ In common with similar fissures 
throughout the Bristol district, the fissure fill is 
often cut by sulfide-bearing veins_ Impregnation 
and replacement of the sediments, especially the 
porous. calcareous types, by sulfides and barite is 

common locally_ Many of these sulfide 
concentrations have been oxidized to ochreous 
mixtures of clay , cavernous iron oxides, and 
barite , and locally smithsonite associated with 
residual grains of galena . Many examples can be 
seen in the large working quarry_ It is in one such 
pocket of oxidized, formerly pyrite-rich, fissure
fill that the alumohydrocalcite is found_ 

66 

69 89 

200m 

66 
FIGURE l.Tytherington Quarries, or_ Grovesend ; 
"> " indicates position of alumohydrocalcite
bearing "pipe" _ 

At the eastern end of Woodleaze Quarry, thinly 
bedded muddy limestones of probable Rhaetic age 
rest with angular unconformity on the 
Carboniferous Limestone _ The northern face of 
the 10 m bench at the western end of the quarry 
parallels a closely-spaced group of solution
enlarged joints, striking 105°_ In these joints occur 
isolated pockets of ochreous fissure-fill over a 
strike distance of about 60 m_ Alumohydrocalcite 
has been found in only one pocket which consists 
of compact , porous, bluish-grey , locally limonite
stained, fine grained friable sandstone filling a sink 
hole (Figure 2)_ The bulk of the pocket has been 
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quarried away but the sinkhole was probably at 
least 1 m wide near the top of the face and 
narrowed with depth. The remains of a narrow 
clay-filled passage developed along a beddin~ 
plane and devoid of secondary aluminum 
minerals, intersects the eastern margin of the 
vertical sink hole. The sandstones contain small 
clasts of mudstone, rotted decalcified 
Carboniferous Limestone, and fragments of 
disaggregated platy barite. Corroded grains of 
re.si~ual pyrite , up to 0.5 mm across , occur locally 
withIn the heavily iron-stained areas . The 
sandstone has been extensively fractured and is 
riddled with cracks and small often 
interconnected cavities up to 4 cm across' some of 
which show evidence of solution enlarge~ent and 
perhaps leaching of their secondary mineral filling . 
Crystal m.oulds, up to 3 mm in diameter , possibly 
rep~esentIng former gypsum and occurring singly 
or In clusters, are also present. Rare, sub
millimetre sized rosettes and more extensive 
enc~ustations of colourless tabular secondary 
bante crystals occur within some of the cracks and 
cavities . Thin sections show the sandstones to be 
cemented by allophane , clay minerals , iron oxides 
and silica. Calcite appears to be absent. ' 

/' 

( , 
I 
I -, 

I I 

SOLUTION-ETCHED 
JOINT-FACE 
(Strike 105°) 

I 'J \ \ 

;, / r! '/./ 
/ 
'/ 

4 

/ 
40 

Traces of vein 
on 

joint-face 

•• I 

SECONDARY ALUMINIUM MINERALS 

The various secondary aluminium minerals are 
mostly developed within cracks and cavities 
(including the crystal moulds) in the sandstone, 
although small amounts occur, under similar 
conditions, in a 4.5 cm-wide oxidized mineral vein 
composed of cellular to massive iron oxides and 
powdery disaggregated barite , which almost 
certainly intersected the sink hole. In contrast, 
however , allophane is widely distributed. 

ALUMOHYDROCALCITE 

At Woodleaze Quarry , alumohydrocalcite occurs 
in several forms , as: (1) aggregates of minute 
«0.05 mm diameter) white spheroids with 
smooth surface and pearly lustre , composed of 
tightly-packed radiating aggregates of acicular or 
compound prismatic crystals, encrusting both 
allophane and a white carbonate-bearing 
aluminous phase (Figure 3.1 , 3.2, 3.4, 3.5). 
Spheroids which appear to rest directly on 
sandstone or barite usually have either a thin layer 
of allophane beneath , or a heavy impregnation of 
the sandstone by allophane. Spheroids are often 
associated with , or grade into, continuous 
botryoida l crusts composed of similar aggregates 

1m 
scale:~ L...-.....I 

/' 

SOLUTION 
ETCHED 

JOINT 
FACE 

FIGUR~ 2. Temporary exposure of a sandstone (sst)- and clay-filled sink hole developed along a joint in the 
CarbOniferous Limestone at Woodleaze Quarry. Alumohydrocalcite occurs in cavities in the sandstone. 
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of radiating, more or less uniform length acicular/ 
prismatic crystals which form linings to cavities in 
the sandstone and the white carbonate-rich phase 
cavity fillings. Cavity linings in the sandstone are 
generally underlain by allophane which is often 
developed on top of iron-stained, corroded, earthy 
carbonate-bearing phase. Allied to the spheroids 
are more open, pin-cushion like groups of acicular 
crystals (Figure 3.6, 3.7). The crystal terminations 
are usually flat (Figure 3.8) but may be 
multifaceted and in some instances are corroded; 
(2) mats of easily separable fibrous crystals up to 
100 mm in length, which en masse have a silky 
lustre (Figure 3.3). The crystals locally show 
parallel alignment giving a felted texture in hand 
specimen. The silky mats often occur as patchy 
encrustations on botryoidal or spherical 
alumohydrocalcite, sandstone, and barite, but also 
occur alone as cavity linings. As far as can be 
established, the coatings on sandstone, barite, and 
cavity linings are underlain by allophane locally 
accompanied by a carbonate-containing 
aluminous phase. Rare hemispherical aggregates 
( < 10 jLm diameter) of what appears to be spongy 
iron oxide are occassionally developed upon the 
alumohydrocalcite crusts and adjacent allophane. 
They are much less common on the silky mats and 
in many cases are partially encrusted by these 
crystals: and (3) light pink crusts otherwise 
identical to the botryoidal cavity linings. This 
variety, which is much less common than the white 
alumohydrocalcite, occurs in areas of heavy iron 
staining and is usually underlain by brown 
allophane. Qualitative microprobe analysis 
reveals trace amounts of lead, zinc, and iron, with 
iron as the major impurity. It seems likely, 
therefore, that the colouration is due to iron. This 
being so, it is possible that this material is a ferroan 
alumohydrocalcite, in which Fe3+ has partially 
substituted for AI3

+ , although this has not been 
confirmed. A light pink-lilac chromian variety, in 
which Cr3+ has partially substituted for aluminium , 
has been described from the USSR (Nefedov, 
1953) and from California (Dunning et ai., 1975). 

The small size and acicular nature of the 
alumohydrocalcite crystals precludes a detailed 
study of the mineral optics. Examination of about 
100 crystals taken from the silky mats and crushed 
spheroids shows the majority to be length-slow, 
with extinction angles varying from 4° to a 
maximum of 9°. A very few crystals are length-fast 
with a straight extinction (R. Bradshaw, personal 
communication) . Alumohydrocalcite can exhibit 
both length-slow and length-fast optics with 
oblique (maximum 12°) to straight extinction 
(Srebrodolskiy, 1974) . Selected area electron 
diffraction studies (Kautz, 1969) show that 
alumohydrocalcite is triclinic, although the crystal 
optics and morphology have led previous 
investigators to ascribe monoclinic (e.g. Dunning 
et al., 1975) and in one case orthorhombic 

(Morawiecki, 1962) symmetry to this mineral. The 
habit of many of the crystals from Woodleaze 
Quarry likewise suggests a higher class of 
symmetry. 

OTHER SECONDARY ALUMINIUM 
MINERALS 

In both the oxidized vein and the sandstone filling 
of the sink hole alumohydrocalcite is associated 
with colourless to brown allophane, gibbsite 
(especially within the vein), and a poorly
crystalline to X-ray amorphous white carbonate
containing aluminous phase. The latter is the most 
abundant secondary aluminium "mineral" in the 
assemblage, and variously occurs as compact , 
chalky, porcelanous, or loose friable, cavity 
fillings often intermixed with , and occassionally 
appearing to grade into, white , brown or 
colourless allophane. The carbonate content, as 
shown by its reaction with 10% HCl, is highly 
variable and bears no obvious relationship to its 
degree of crystallinity , as indicated by X-ray 
powder photographs and diffractometer scans. 
Alpha quartz is invariably present and is 
sometimes the only detectable crystalline phase. 
Lines corresponding to poorly crystalline gibbsite 
and/or one or more unidentified phases are 
present in some instances. Diffractometer scans 
often show a broad peak centred at about 8.67 A 
with additional lines suggesting the presence of 
scarboite, AL,(OH)u(C01).5H20. The latter 
material consists of a mixture of platy rhombic 
crystals (Figure 3.9), occasionally stacked to form 
rough spheroids, and an amorphous phase. The 
rhombs are identical in appearance to scarbroite 
crystals figured by Brindley and Comer (1960), as 
well as scarbroite found in association with 
dundasite, allophane, and para
alumohydrocalcite from a similar environment at 
Hampstead Farm Quarry , Chipping Sod bury 
(authors unpublished results). As far as can be 
established, all material showing the 8.67 A peak 
contains these rhombic crystals. It thus appears 
that the white carbonate~containing material is 
actually a variable mixture of a number of discrete 
minerals including quartz, allophane, gibbsite, 
and probably scarbroite, associated with a poorly 
crystalline , X-ray amorphous carbonate
containing aluminium hydroxide gel. Serna et al. 
(1978) found that scarbroite differed from 
carbonate-containing AI(OHh gel in terms of 
crystal size (larger in scarbroite) and degree of 
ordering. Under mildly acid conditions, gibbsite is 
the final crystalline product in the ageing of 
Al(OH).1 gel (Serna et al., 1978; Wilmot and 
Young. 1985). 

In the deposit as a whole, both the allophane 
and especially the carbonate-containing phase 
show evidence of corrosion prior to their being 
encrusted by alumohydrocalcite.Apart from the 
spongey iron oxide, alumohydrocalcite appears to 
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FIGURE 3.1. Botryoidal crust of alumohydroca lcitc; 3.2 , alulTlo hydrocalcite sphero ids on allophane ; 3.3 , silk y 
mat of fibrous alumohydrocalcite crystals ; 3.4 , bo tryo idal crust o f alumohydroca lcite ; 3.5, surface of an 
alumohydroca lcite sphe roid ; 3.6 , Pin-cushion like radiating cluster of acicul ar alumohydrocalcite crysta ls, 
encrusting corroded a llopha ne; 3 .7 , radiating cluster of ac icular alumohydroca lcite crystals; 3.8 , prisma ti c 
alumohydrocalcite crysta ls; 3.9 , prismatic alumo hydrocalcite crysta ls associated with (?) sca rbroite rhombs, the 
la tter showing evidence of corrosion . 
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be the last formed mineral in this assemblage. 
Nowhere has the white carbonate phase or 
allophane been observed developed on the 
alumohydrocalcite. These observations strongly 
suggest that the alumohydrocalcite has formed as a 
result of the alteration of allophane and especially 
the carbonate-containing phase. 

PARAGENESIS 

Quarrying has largely obscured the relationships 
between the alumohydrocalcite-bearing pocket 
and the rest of the fissure-fill sediments. Only a 
broad outline paragenesis for the secondary 
aluminium suite can therefore be attempted. 

Oxidation of the pyrite by surface-derived 
groundwaters, no doubt aided by the brecciated 
state of the sandstone, may have furnished 
strongly acidic, sulfate-rich solutions capable of 
leaching aluminium and other cations and minor 
silica from the day-rich sediments. Initially these 
solutions would have reacted with calcite in the 
sandstones and Ca-bearing pore water to 
precipitate gypsum. As the pyrite was consumed 
the acidity of the aluminium sulfate-rich solutions 
would decrease , with accompanying decrease in 
aluminium solubility, leading to conditions under 
which secondary aluminium minerals could be 
precipitated. Experimental evidence (Adams and 
Hajek, 1978) suggests that basic aluminium 
sulfates are amongst the first minerals to form 
from sulfate solutions when the pH is raised. Only 
when the S04:AI ratio falls below about 0.5 will 
aluminium hydroxides begin to dominate the 
mineral assemblage (Adams and Hajek, op. cit., 
Figure 1). The absence of basic sulfates from the 
Woodleaze assemblage suggests either that these 
minerals only formed as an early transient phase, 
now destroyed, or that the hydroxides were 
directly precipitated following the rapid 
neutralization of the sulfate solutions on 
encountering carbonate-rich water within cracks 
and cavities in the sandstones. Amorphous 
Al(OH)3 gels formed this way under mildly acidic 
conditions and stabilized either by sulfate or 
carbonate ions have been described from karstic 
bauxite deposits around the world (Bardossy and 
White, 1979). Carbonate-containing aluminium 
hydroxide gel, essentially a very poorly crystalline 
aluminium hydroxycarbonate , can crystallize to 
scarbroite (Serna et aI. , 1978). Due to the strong 
affinity of the carbonate ion for aluminium and its 
stabilizing effect on AI(OH)3 gel , well- crystallized 
gibbsite will only develop from solutions 
containing negligiple concentrations of disolved 
carbonates (Bardossy and White, op. cit.). The 
relative abundance of gibbsite in the oxidized vein 
adjacent to the sandstone filled sink hole suggests 
that such conditions existed locally within the 
cavernous goethite. 

Although the solubility of the silica increases as 
pH rises, at least some of the leached silica may 

have been reprecipitated as allophane , possibly via 
the formation of an absorption complex between 
the colloidal sols of silicic acid and alumina 
(Hollingworth and Bannister, 1950). Small 
amounts would also have been absorbed onto the 
ferric hydroxide gels (goethite precursor) or 
precipitated as opaline silica. Crystallization of .the 
latter to <x-quartz could account for the persistent 
quartz impurity in the white carbonate-bearing 
phase. 

Precisely when and under what conditions 
allophane and the carbonate-bearing phase 
underwent alteration to alumohydrocalcite is 
uncertain. Alumohydrocalcite formed by the 
action of low temperature CaHC03-rich 
groundwaters has been recorded from Siberia 
(Srebrodolskiy, 1974) and West Germany (Kautz, 
1968). Similar bicarbonate-rich groundwaters are 
likely to have been involved at Woodleaze. The 
presence of a thin layer of allophane encrusted by 
alumohydrocalcite on much of the corroded 
carbonate-bearing phase suggests that there may 
have been a significant time interval between 
formation of the allophane-hydroxycarbonate 
assemblage and its subsequent alteration to 
alumohydrocalcite. 

Finally, it is necesary to consider why these 
minerals should be restricted to one small 
sandstone pocket whilst similar, sandy , 
mineralized fissure-fillings elsewhere in the 
quarries at Tytherington appear to be barren. That 
many of the cavities in the alumohydrocalcite
bearing pocket have been leached of their mineral 
fill suggests that this assemblage could have been 
more widely developed than presently seen , but 
this is probably only a partial explanation. The key 
factor may well be the pipe-like nature of this 
deposit. If the outflow from the sink hole were to 
be impeded , the upper parts of the 'pipe ' would 
become a more or less closed chemical system in 
which solution conditions could progress to 
extremes of concentration and pH perhaps 
unobtainable in the more open environment of the 
fissures. The presence of clay and allophane within 
the pores of the sandstone would also restict water 
flow through the pipe, thus affording some 
measure of protection to the secondary aluminium 
mineral suite from later, non-equilibrium 
groundwaters. Aluminium sulfates, and/or 
hydroxycarbonates , have previously been 
described from sediment-filled pipes (Newhaven 
area, Wilmot and Young , 19R5 ; Bergisch
Gladbach , Kautz, 1968; Northamptonshire , King , 
1982 , Hollingworth and Bannister , 1950; 
Scarborough, Vernon , 1829) in carbonate rocks . 
The Northamptonshire and Scarborough 
occurrences are thought to be related to modified 
groundwater-flow regimes which developed under 
periglacial conditions during Pleistocene times . It 
is possible that the Woodleaze assemblage was 
also formed at this time. A zone of permafrost 
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could very effectively restrict or block the flow of 
water through the pipe. Lowering of the water
table in the fissure zone following the onset of 
warmer conditions could have enabled cold, CO2-

rich meltwater (Higginbottom and Fookes, 1970) 
to effect the alteration of allophane and the 
carbonate-phase to alumohydrocalcite. Minor 
fluctuations in solution chemistry were probably 
responsible for the deposition of the small 
amounts of ferruginous matter on the 
alumohydrocalcite crusts and formation of the 
second generation, silky mats of 
alumohydrocalcite crystals . 
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THE SECONDARY MINERALOGY OF THE CLYDE 
PLATEAU LAVAS, SCOTLAND. 
PART 1: BOYLESTON QUARRY 

T.K. MEIKLE 

l3 Tassie Place , E ast Kilbride , Glasgow G74 3EB 

The minerals of Boyleston Quarry , Strathclyde, Scotland , are described . A number of species new to 
the area are documented , and the species present are compared with earlier listings. 

INTRODUCTION 

Although well known for a long time for the 
fineness and variety of its minerals, surprisingly 
little has been written on the detailed form of the 
secondary minerals developed in the Clyde 
Plateau Lavas at Boyleston Quarry near 
Barrhead, in Scotland. This article describes the 
writer's experience and findings during the 1960's 
and 1970's and compares them with records and 
descriptions of the last century, principally those 
of Heddle (1901) in his Mineralogy of Scotland. 
Details are also given of eight minerals previously 
unrecorded at Boyleston, the most noteworthy of 
which is native silver. Part 2 ofthis article (Meikle , 
1989) describes similar secondary minerals 
developed in the Clyde Plateau Lavas at Loanhead 
Quarry, near Beith . 

LOCATION AND GEOLOGY 

Boyleston Quarry (Grid ref. NS 495 597), now 
abandoned, lies immediately southwest of 
Barrhead in Strathclyde, Scotland. The quarry, 
which is about 400 m off the B771 road, is reached 
by a steep track, now deeply rutted and 
overgrown. It worked basaltic lavas belonging to 
the Clyde Plateau Lavas of Calciferous Sandstone 
(Dinantian) age, which also form the high ground 
extending south and west towards Dunlop and 
Beith. 

Three successive lava flows (all olivine basalts) , 
separated by reddish-brown tuffs , are exposed in 
the southernmost face of the quarry. The lavas are 
fine grained and sometimes porphyritic, while the 
upper portion of each flow is generally vesicular 
and/or amygdaloidal. Near vertical joints and 
fractures occur throughout and are heavily 
mineralized. 

HISTORY OF EXTRACTION 

The earliest Ordnance Survey map of the area , 
published in 1862 (following the survey of 1857), 
shows Boyleston Quarry to be of considerable 
size, which suggests that the quarry opened before 
the middle of the 19th Century. From available 
records it appears that it was worked 
intermittently until abandonment at the end of 
1972. Since 1972 it has remained derelict and is 

protected under the Local Authority's "Ecological 
Protection Policy", planning permission having 
been denied on these grounds to the landowner's 
application for approval for waste infilling. 

Presently there are piles of broken rock and 
large blocks of primary blasted rock lying near the 
most recently worked face. Quarrying was by 
benching to about 15 m face height, each bench 
successively following original contours uphill; 
separate levels still remain . Primary crushing and 
coarse screening were carried out at the lower 
intermediate level and in this area crushed 
'rejects', carrying disseminated native copper or 
small masses of copper with cuprite , may still be 
collected. Much larger but similar 'discards' were 
generally dumped at a higher level immediately to 
the south. 

SECONDARY MINERALOGY 

Secondary mineralization at Boyleston Quarry 
appears to have resulted largely from 
hydrothermal alteration during cooling of the 
lavas, with the minerals being deposited in gas 
cavities, on contraction joints and in fractures. The 
most common minerals are prehnite , analcime , 
and calcite, which frequently occur massively in 
the broad, near-vertical joints, or disseminated 
through the tuffaceous beds. These three 
minerals, separately or in intimate association , as 
well as the tuffs, are commonly highly charged 
with native copper. The source of the native 
copper, as well as the native silver, is uncertain ; it 
may have been of magmatic origin , although both 
occur intimately with prehnite, which suggests 
simultaneous crystallization, i.e. the copper and 
silver are of later hydrothermal origin (see above). 

The earliest reference to Boyleston Quarry is by 
M'Phail (1869), who recorded the occurrence of 
prehnite , malachite , native copper, analcime, and 
thomsonite. Houston (1912) collated this with 
other references (principally Heddle , 19(1) and 
descriptions of Boyleston, and stated "Boyles ton 
Quarry near Barrhead has been a mine of wealth 
to mineralogists . When it was first opened up , and 
for some time afterwards, it yielded a great 
number of specimens, but it is now (1912) 
temporarily exhausted ." 
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TABLE 1 

Minerals reported from Boyleston Quarry, listed in order of decreasing abundance. 

Heddle (1901) Houston (1912) Allan (1973) Meikle (this study) 

Prehnite Prehnite Calcite Prehnite 
Analcime Analcime Prehnite Analcime 
Calcite Calcite Analcime Calcite 
Quartz Quartz Saponite Quartz 

(var. Bowlingite) 
Thomsonite Thomsonite Quartz Thomsonite 
Native Copper Native Copper Heulandite Native Copper 
Malachite Malachite Thomsonite Cuprite 
Natrolite Natrolite Natrolite Malachite 
Goethite Goethite Native Copper Natrolite 
Chrysocolla Chrysocolla Malachite Goethite 
Laumontite Laumontite Cuprite Chrysocolla 
Chabazite Chabazite Laumontite Chabazite 
Olivine Cuprite Scolecite Olivine 
Saponite Olivine Goethite Saponite 
Albite Saponite Greenockite" Albite 
Orthoclase Albite Erythritea,b Native Silver 
(var. Erythrite) 
"Greenockite Orthoclase Chabazite" Chalcopyrite 

(var. Erythrite) 
Greenockite Covellite 

Cha lcocite 
?Bornite 
Barite 
Hematite 
Talc 

'Stated as recorded in the lite rature , but not authenticated or found recently. bMay be a mistaken reference to 
orthoclase (var. erythrite) 

Heddle (1901) recorded 17 different mineral 
species from Boyleston Quarry (see Table 1). 
Later records showing some variants are also 
tabulated , as well as those encountered by the 
writer since about 1965. A comprehensive review 
of earlier works including that by Heddle (1901) 
covered the whole county of Renfrew (Houston, 
1912) and provided details of all the minerals listed 
by Heddle (1901). It confirmed that there was no 
written record at that time of cuprite ffom 
Boyleston Quarry, but that at least one specimen 
was then known to be in the Royal Museum of 
Scotland in Edinburgh. Allan (1973) listed 15 of 
Heddle's minerals, omitting chrysocolla and 
albite, but he added cuprite along with heulandite 
and scolecite. No details or reference were given in 
support of these latter two minerals nor any 
explanation for the omissions, apart from the 
statement that the list in general applies to 
minerals found in recent years. 

Heddle (1901) indicated that prehnite , 
analcime, and thomsonite are relatively common, 
although natrolite less so and the remaining 
zeolites uncommon. This is also the present 
writer's opinion, suggesting a fairly uniform 
character to secondary mineralization throughout 
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the quarry. Since cuprite was not reported by 
Heddle (1901), however , it would seem that it's 
abundance and mode of occurrence might be 
significantly different from the other copper
bearing minerals recorded by Heddle (1901). 

SECONDARY MINERAL DESCRIPTIONS 

For those species recorded from the quarry by 
Heddle (1901) nothing is added here to his 
descriptions , except where a different mode of 
occurrence has been identified . Special attention is 
drawn , however , to Heddle 's graphic and accurate 
descriptions of analcime, goethite, calcite, 
prehnite , and native copper. In this study, 
identification of the species described below was 
made visually and optically , although the native 
silver was confirmed by the Hunterian Museum . 

ALBITE 

Albite occurs as reddish-brown trapezohedral 
crystals less than 10 mm in size, and as crystal 
groups pseudomorphing analcime. The crystals 
are a composite of clear albite with contained 
brown or reddish-brown earthy volcanic ash. In 
small cavities clear, transparent crystals of albite 
occur as random individual plates <0.1 x 0.8 mm 



with a square termination, or as doubly
terminated tapering coffin-shaped crystals <0.1 x 
1 mm. 

In addition, small cavities in altered lava contain 
small radial groupings of clear, transparent albite 
crystals <0.1 x 0.5 mm, with single , tapering 
terminations. 

BARITE 

Barite is present in a single occurrence closely 
associated with native copper, cuprite, and 
malachite, and also in prehnite-lined cavities in the 
tuffaceous horizon , as layered and inter-locking 
groups of large, <2 mm thick , clear to white 
crystal tablets. In incompletely filled cavities 
barite is discoloured grey by admixed volcanic ash, 
but where cavities are completely filled it is only in 
the centre of the cavity that the crystals are 
discoloured. In one case the crystals taper 
uniformly in the same direction thus creating an 
appearance on cleaved faces of a radial structure. 

CHABAZITE 

Chabazite is found only very rarely, forming small, 
clear, transparent, single, or penetration-twinned 
crystals <0.4 mm, associated in one specimen with 
a cavity (40 x 50 mm) filled with clear and 
malachite-coated or stained, nailhead crystals of 
calcite «3.5 x 6 mm). In this specimen the dull
red tuffaceous matrix is intermixed with, and 
partly coated by, chalcopyrite altering to 
chalcocite and/or possible bornite. 

CHALCOCITE 

Chalcocite is found only in the highly copper
charged tuffaceous rocks, forming small, <0.5 x 1 
mm, hemi-hedral , striated, dull to lustrous equant 
crystals, associated with native copper, cuprite, 
and malachite. It also occurs massively in the same 
environment, as a lustrous opaque , black, brittle, 
glassy or pitchy phase . 

CHALCOPYRITE 

Chalcopyrite is only rarely found. It is present in a 
single occurrence in a cavity, forming a 1 - 1.5 mm 
thick layer, coating botryoidal surfaces of reddish
brown ash-impregnated prehnite. Also, it forms 
small, <3 mm, tarnished groups of complex 
twinned crystals distributed over the surface of 
small prehnite botryoids and is coated by 
chrysocolla or goethite. Rarely, it is found altering 
to earthy chalcocite and/or covellite . 

COVELLITE 

Covellite is very rare at Boyleston Quarry. It is 
found on prehnite, as small blue-black to indigo
blue, dull metallic, hexagonal crystals «0.5 mm). 
Some crystals are truncated by pyramidal 
terminations. Occasionally it is partly coated with 
chrysocoIIa, as well as being accompanied by 
chrysocolla crystals pseudomorphous after 

covellite, along with small hemispheres and 
spherules ( <0.5 mm) of malachite . 

CUPRITE 

Cuprite occurs with native copper and malachite in 
a mixture of prehnite , calcite , and analcime , which 
fills joints «25 mm) in dense, fine-grained lava , 
as well as in small (2-3 mm), infrequent cavities. 
The cuprite form ranges from blood-red 
adamantine, transparent, cubo-octahedral crystals 
«0.3 mm), through to crimson transparent 
elongated bladed crystals «0.03 x 0.25 mm). In 
addition it is also present as hair-like masses 
(variety chalcotrichite) «11 x 13 mm) , as well as 
metallic deep-red or dull-grey « 1 x 3 mm) , or 
dull, earthy , brick-red to orange masses « 15 x 35 
x 75 mm). The latter often include small bright 
hackly masses and crystals «0.5 mm) of native 
copper and are fr~quently bordered by a layer of 
malachite . 

HEMATITE 

Occasionally hematite, as minute micaceous flakes 
with a lustrous metallic and bright-copper colour, 
is present as a coating uniformly covering the 
surfaces of glassy, white, analcime crystals. It also 
occurs as dull, metallic brown-grey botryoids or 
granular to earthy, reddish coatings in cavities in 
the tuffaceous rocks, where it is associated with 
chalcopyrite, chalcocite, and possible bornite. 

NATIVE SILVER 

Native silver is rare, although it formed with some 
local abundance on, and partly in, pale yellow, 
translucent prehnite. In addition, it may also 
extend across, or into, small «15 mm) cavities in 
the prehnite . Even more rarely it occurs within , or 
on, adjacent calcite . The base of the prehnite is 
generally opaque and whitish in colour, and 
frequently is distinctly banded parallel to the 
surface by malachite staining developed from a 
thin brownish-green copper-impregnated layer 
within the prehnite. Occasionally well -crystallized 
native copper is found on the prehnite. The native 
silver is also well -crystallized, and is generally very 
bright and lustrous but with an iridescent tarnish 
developing upon exposure . The crystals , though 
small, exhibit a variety of forms, from the simple 
or modified single ( <0.15 mm) and twinned (0.35 
x 0.25 x 0.15 mm) cubes, to elongated 
symmetrical or unequal bi-pyramidal forms of 
square, or nearly square, section «0.4 x 1 mm). 
The latter are frequently extended at one end into 
filiform silver «1.25 mm). More commonly, 
however, the elongated crystals, <9 mm long , are 
approximately square in section « 0.14 mm). 
One specimen was observed with 12 sides, 
tapering in thickness from 0.15 to 0.06 mm, while a 
second forms a complex cruciform twin. Other 
unusual forms are complex and appear to be 
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multiple crystals in parallel growth from a common 
base; one such specimen is 3.4 x 0.4 x 0.1 mm. 
Upwards of 50 individual crystals have been 
recovered from a relatively small volume of rock. 
The reference above to 'local abundance' is 
illustrated by one specimen, measuring 30 x 40 x 
20 mm in size, carrying 12 individual crystals. 
TALC 

Talc is extremely rare , found only in a single 
specimen, as small bundles and aggregates «4 
mm) of very small pearly, clear to white plates and 
lamellae. It is closely associated with botryoidal 
malachite and intimately mixed with greenish
black, earthy chalcocite, and small clear subhedral 
masses of quartz. Optical examination indicates a 
2V angle of about 5° and hence the mineral is 
thought to be talc (confirmed by X-ray diffraction; 
A. Livingstone, personal communication.) 

NATIVE COPPER AND PREHNITE 

At the outset it was the intention not to provide 
descriptions for the species already adequately 
described by Heddle (1901). However , the 
association of native copper and prehnite at 
Boyleston frequently produces highly aesthetic 
specimens of considerable mineralogical interest ; 
hence it seems appropriate to provide some detail 
of the very fine occurrences of these two species 
encountered during the present study. One such 
example is a specimen of prehnite consisting of 
pale greyish-yellow botryoids «25 mm) on an 
opaque base of prehnite coloured deep pink by 
included-copper. The transparent prehnite carries 
abundant, bright stringers , and attenuated crystals 
as small irregular masses, and well-formed cubo
octahedral crystals of native copper. The stringers 
and attenuated crystals are orientated parallel to 
the prehnite fibre growth pattern and are generally 
square in section, often with a taper from ca.0.1 
mm to 0.3 mm towards the prehnite surface, and 
up to 4 mm in length. The irregular masses range in 
size up to 2 mm and the crystals to about 0.5 mm. 
Occasionally the included stringers extend to the 
prehnite surface and terminate as free-standing 
brown-coloured dodecahedral crystals «0.7 
mm). Another specimen , from the impregnated 
ash zone, has irregular masses «25 mm width) of 
native copper with an orange to brick-red cuprite 
margin , with one mass approximating 35 x 40 x 50 
mm. These masses have a narrow surrounding 
zone of white, opaque prehnite with marginal 
malachite staining. In this specimen about 80% by 
volume is estimated to be native copper and 
copper-bearing minerals . Native copper occurs 
alone on a specimen of dense, fine-grained basalt , 
on a joint face partially covered by native copper in 
sheet form < 14 x 40 mm . The copper, now 
largely tarnished by exposure, still retains , in part , 
it's original bright golden to orange-red colour 
which concurs with the original description by 
Heddle (1901). 
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DISCUSSION 

The occurrence of greenockite at Boyleston 
Quarry was noted by Dana (1892), while Heddle 
(1901) detailed it from here also, occurring with 
prehnite , natrolite , and chrysocolla. Houston 
(1912) noted these records but provided no further 
details , and so far as is known there is no other 
record of greenockite having been found at 
Boyleston this century . Further, greenockite has 
not been encountered during the present 
investigations, although it was identified in the 
1970's in excavations for the M8 motorway 
adjacent to the Bishopton railway tunnel, the 
original type locality for the mineral (Jameson , 
1840), and again on several occasions since then 
from Loanhead Quarry, near Beith, in the same 
form and association (see Meikle , 1989). In both 
cases the mode of formation is similar to that at 
Boyleston Quarry , so accordingly there seems no 
reason to doubt the recorded occurrence of 
greenockite from Boyleston . Indeed , the 
preservation of the now dere lict quarry must mean 
that Boyleston is still a potential collecting site for 
this very rare mineral. 
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THE SECONDARY MINERALOGY OF THE CLYDE 
PLATEAU LAVAS, SCOTLAND 
PART 2: LOANHEAD QUARRY 

T. K. MEIKLE 

13 Tassie Place , East Kilbride , Glasgow G74 3EB 

A description of the minerals which occur in the Loan head Quarry. Beith. Scotland is provided. Basic 
rocks at this locality contain a number of minerals including an unusual suite of base metal species. 

INTRODUCTION 

At Loanhead Quarry , near Beith , Strathclyde 
highly altered basaltic lavas of Carboniferous age 
are cut by a Tertiary dyke some 30 m wide.The 
lavas contain a suite of secondary minerals 
developed in fractures and vesicles. In these 
settings twenty-four species have been recognised 
of which calcite, prehnite, and thomsonite are the 
most abundant. Other minerals identified include 
native copper, greenockite , mottramite , native 
silver, and vanadinite. Lavas adjacent to the dyke 
are not visibly altered , although the dyke may well 
have provided the heat necessary to drive a 
localised hydrothermal system which resulted in a 
second suite of secondary minerals . In this setting 
ten additional species have been determined, 
again in vesicles, and include the rare association 
of garnet with zeolite. Morphologies are detailed 
where possible and these are shown to be related 
to the environment in which the minerals formed . 

LOCATION AND GEOLOGY 

Situated at Loanhead [NS 363 557] near Beith , 
Strathclyde, Loanhead Quarry works Clyde 
Plateau Lavas of Dinantian (Lower 
Carboniferous) , Calciferous Sandstone age 
(Geological Survey 1" Sheet No . 22 (Scotland) 
(Kilmarnock)) . Within the quarry numerous 
individual flows are clearly distinguishable over a 
total thickness of approximately 66 m. The flows 
are porphyritic basalts , many being both highly 
vesicular and amygdaloidal , especially towards the 
upper portions and show a wide range of 
secondary minerals. A tholeiitic dyke of Tertiary 
age, approximately 30 m wide, trends NW-SE 
across the quarry (Fig. I). This dyke may have 
been responsible for the "creation of a second, 
distinctive suite of secondary minerals in the 
adjacent lavas. Thermal contact effects, however , 
are not discernible. 

Many mineral species are present both 
throughout the lavas and within the zone adjacent 
to the dyke. However, formation within different 

environments has controlled, to 
considerable degree , the various 
morphologies and assemblages . 

some 
mineral 

FIGURE 1. Sketch plan of Loanhead Quarry 
(approx. scale only) showing the location of the 
Tertiary dyke cutting through basaltic lavas of 
Carboniferous age. Extent of workings are as at 
April 1987. 

MINERAL DESCRIPTIONS 

The secondary minerals are described below 
according to their occurrence, viz.: (1) as fracture
and vesicle-filling minerals in the lavas; and (2) as 
secondary minerals developed in close proximity 
to the dyke. Apart from those minerals which are 
readily recognizible, determinations have been by 
optical, X-ray powder diffraction , electron 
microprobe, and X-ray fluorescence techniques . 
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FRACTURE- AND VESICLE- FILLING 
MINERALS IN THE LA V AS 

ANALCIME 

Analcime is common in vesicles and on fissure 
surfaces as groups of very fine, clear to milky and 
opaque, white trapezohedral crystals up to 25 mm. 
Good specimens, however , are difficult to extract. 
Occasionally the analcime is coated with copper
coloured micaceous hematite . 

BARITE 

In a vein varying from 60-150 mm wide barite 
occurs as opaque cream-white intergrown crystal 
plates up to 4 mm thick. Occasionally it forms 
free-standing interlocking tablets up to 0.7 mm 
thick in small cavities within the vein . 

BORNITE 

Bornite is found rarely as small purplish- coloured 
metallic , anhedral masses in prehnite . Associate~ 
are generally greenockite and/or lemon-yellow 
mottramite and pale-grey to cream, feathery 
vanadinite crystals. 

CALCITE 

Calc~te is c?mmon throughout as clear to opaque , 
~reYlsh-whlte to pink subhedral masses infilling 
fissures and on joint planes. Occasionally it is 
found in vughs as transparent dogtooth and 
?ailhead crystals up to 35 mm or as complex 
mtergrowths. 

CHABAZITE 

Chabazite is found in cavities as opaque pseudo
cubes up to ca. 4 mm accompanying garnet, 
thomsonite and/or natrolite (Fig . 2). 

CHALCOCITE 

Chalcocite occurs locally in prehnite and calcite as 
small intergrown lustrous, lead-grey masses 
generally surrounded by malachite staining . 

COPPER 

Native copper was found sparingly throughout a 
small mass of translucent , greyish prehnite and 
calcite as small crystals up to 0.5 mm; also as 
irregular masses , strings and plates . When 
completely enclosed the copper is generally bright 
with well-formed crystal faces , whereas exposed 
surfaces exhibit irregular forms and a bluish 
tarnish. Associated minerals are native silver and 
chrysocolla. 

COVELLITE 

Covellite is present as dull, metallic, blue-black 
aggregates of hexagonal plates up to 1.5 mm 
diameter, and single hexagonal prisms up to 2.5 
mm within cavities in calcite. It is closely 
associated with sprays of malachite. 
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GALENA 

Galena occurs very rarely as lustrous, isolated 
distorted cubes up to 5 mm in prehnite and calcite, 
sometimes associated with greenockite. Also 
rarely it occurs as small lustrous cubes and cubo
octahedral single crystals up to 0.7 mm on chlorite 
in small (5-7 mm) vesicles . 

GREENOCKITE 

Greenockite is a relatively rare mineral, which is 
always well crystallized as distinctive yellow to 
reddish-orange crystals up to 7 x 5 mm in prehnite 
or in the margins of prehnite-bearing fissures . The 
greenockite crystals are frequently distorted 
although occasionally form hexagonal tablets and 
prisms with truncated pyramidal terminations. 
Occasionally on fractured faces the greenockite is 
highlighted within the prehnite by a peripheral 
submetallic, black coating. Undamaged, free
standing crystals are very rarely found, although 
good, minute crystals may sometimes be leached 
from calcite. Greenockite from this locality is 
similar in appearance and mode of occurrence to 
that from the type locality at Bishopton Railway 
Tunnel (Jameson , 1840). 

HARMOTOME 

Although quite rare in the quarry, harmotome 
occurs locally with thomsonite and analcime. The 
clear , slender crystals display the characteristic 
cruciform twins and attain 3 mm in length. 

HEMATITE 

Hematite occurs on analcime as reddish to copper
coloured, micaceous plates and often completely 
coating crystal groups. Also, but more rarely, it 
may be found as small lustrous, equant prisms, and 
specular blades on the analcime. 

HEULANDITE 

Extremely small, tooth-shaped colourless crystals 
of heulandite up to 0.15 x 0.06 mm are randomly 
oriented as a light to fairly compact surface coating 
in small vughs. 

LAUMONTITE 

Relatively rare , laumontite occurs as small clear 
to opaque, and white , equant or elongated p'risms. 
In some specimens the laumontite adopts a chalky 
appearance. 

MAGNETITE 

Magnetite is found as small masses of loosely 
adhering minute octahedra in purplish-red tuff 
which is cemented by calcite and prehnite. 
Occasionally mottramite and vanadinite are 
associated with the magnetite: 



FIGURE 2. Chabazite crystals (to 4 mm) 
associated with garnet (crystals to 1.5 mm) , 
Loanhead Quarry. 

FIGURE 3. Natrolite crystals to 6 mm, Loanhead 
Quarry. 
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MALACHITE 

Malachite is occasionally found as well-developed, 
free-standing crystals, fibrous sprays or coatings, 
and stains in calcite and prehnite. In the latter case 
the staining is generally associated with bornite, 
chalcocite, and covellite. 

MOTTRAMITE 

Extremely rare. mottramite occurs as lemon to 
lime-yellow and clove-brown crystals up to 0.5 
mm, or as coatings with vanadinitc and 
greenockite on prehnite. Additionally, it is 
associated with feathery aggregates of vanadinite 
prisms and magnetite together with a greenish
blue stained mineral (probably bornite) . An EDS 
X-ray fluorescence semi-quantitative analysis 
yielded V20 , 25.7% . CuO 23 .0%. ZnO 9.9% and 
PbO 41.3% . 

MUSCOVITE 

Muscovite forms small, pale-pink. anhedral and 
foliated plumose masses and intergrowths with a 
pearly lustre in thomsonite associated with calcite 
rhombs. When muscovite is present the 
thomsonite exhibits a distinctive porccllaneous 
texture and a pale greenish-blue colour. Also. it 
forms small rosettes and books of "crumpled" 
thin. colourless to white folia up to 1.5 mm in 
vughs with thomsonite . laumontite. and calcite. 
X-ray powder diffraction identified the muscovite 
as aIM polytype. 

NATROLITE 

Natrolite occurs as slender. transparent, 
colourless to pale bluish-grey elongated prisms up 
to 15 mm with low-angle terminations (Fig. 3). 
Invariably it is free -standing. either as single 
crystals. or clusters in cavities associated with 
thomsonite . analcime . and calcite. 

PREHNITE 

Prehnite is probably the most abundant mineral 
along with calcite and forms compact masses in 
fissures . The colour varies from dark apple-green 
to straw yellow and white . Generally the prehnite 
forms well-developed botryoids up to 30 mm 
diameter with smooth and crystallized surfaces. or 
more rarely as groupings of well-terminated 
crystals. up to 3 x 1.5 mm in individual cross 
section. 

QUARTZ 

Quartz is an exceedingly rare mineral within the 
quarry and only one specimen has been found. The 
quartz crystals, up to 2.5 mm, form a small group 
on the surface of an analcime crystal 17 mm in 
diameter. In addition smaller quartz crystals have 
become embedded in the analcime with a clear 
analcime overgrowth bearing specular hematite 
inclusions . 
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SILVER 

Silver is extremely rare and found in the original 
native copper-bearing sample as two complex 
crystals up to 0.84 mm. It is present also in a 
pale-yellow to white prehnite sample , also with 
native copper and covellite. In the latter the silver 
is relatively more abundant with approximately 20 
or so well-formed crystals, aggregates and filiform 
masses all up to 0.3 mm. However, the largest 
crystal encountered, 1.8 mm long, is uniformly 
prismatic, of 0.1 mm square section, and exhibits 
an unusual though regular spiral growth to its long 
axis. The sectional rotation measured is 
approximately 90° over a length of 0.4 mm. One 
visible termination displays several re-entrant 
angles suggesting complex twinning. The 
associated covellite occurs as randomly oriented 
thin plates and crusts on and within the prehnite . 

THOMSONITE 

Thomsonite is locally relatively abundant and is 
prominent on fracture planes in large plates up to 
200 x 250 mm which consist of interlocking white 
to pink, fan-like sprays. In the coarsely 
amygdaloidal lavas thomsonite occurs in the 
amygdales, which are up to approximately 70 x 
140 mm. Fine specimens have been obtained 
which show well-formed, clear terminated crystals 
up to 30 mm long or as radial groupings of crystals 
(Fig. 4) . Small amygdales are frequently filled by 
white to pink radial growths. Thomsonite locally 
forms white masses of fine hair-like crystals which 
superficially resemble mesolite . Common 
associated minerals are analcime, calcite, and 
more rarely, natrolite or harmotome. 

VANADINITE 

Vanadinite is extremely rare , and found with 
mottramite, either as euhedral hexagonal prisms 
up to 0.4 x 0.1 mm on prehnite and calcite , or as 
cream to pale-straw coloured feathery aggregates 
of hexagonal crystals on purplish-red tuff. In the 
former case the crystals are semi-transparent , 
zoned lengthwise from colourless to pale reddish
brown, and is either doubly terminated by the 
basal pinacoid or has a truncated pyramid at one 
end. 

Two additional minerals which have been 
observed occur together and are associated with 
thomsonite, natrolite and analcime , although their 
identification has not been determined. A single, 
transparent pale-bluish cube , of 0.035 mm edge , 
which is possibly fluorite, is perched on a black, 
highly lustrous , metallic prismatic crystal. The 
latter, which possesses lengthwise striations, 
measures 1 x 0.2 mm. This may be manganite. 



FIGURE 4. Thomsonite crystals, to 15 x 3 mm, 
Loanhead Quarry. 

SECONDARY MINERALS DEVELOPED IN 
CLOSE PROXIMITY TO THE DYKE 

The secondary mineral assemblages developed 
within the vicinity of the dyke are dissimilar to 
those throughout the main body of the lavas, and 
clearly are related to the intrusion. It must be 
stressed, however, that these assemblages are also 
found only within vesicles or on fracture surfaces; 
they are not found throughout the /matrix of the 
lavas, which show no visible contact metamorphic 
effects. In the vicinity of the dyke mineral species 
occur that have not been found in the main body of 
the lavas. Additionally , near to the dyke, some 
different morphological features have been 
observed in some minerals that are common to 
both environments. 

AMPHIBOLE 

A member of the amphibole group of minerals 
occurs in small cavities as greyish-green, needle
like crystals forming felted masses or randomly 
oriented single crystals up to 1.5 mm long. 
Associated minerals are garnet, hematite, 
epidote, late-secondary calcite, and occasionally 
laumontite. 

ANALCIME 

Analcime is generally found as individual , small 
colourless to white trapezohedral crystals up to 2 
mm, or as small groups of crystals with 
thomsonite. Associated minerals are late 
secondary prehnite and calcite , together with 
laumontite, garnet, epidote , and clinozoisite. 

CALCITE 

Calcite frequently occurs as semi-transparent, 
doubly-terminated hexagonal tablets either as 
single tablets on garnet or grouped in parallel 
concertina-like growths of crystals up to 3 mm. 
Single semi-transparent rhombs also form on clear 
thomsonite or natrolite crystals. Calcite may be 
one of the last minerals to form in many of the 
assemblages described. 

CHALCOPYRITE 

Chalcopyrite occurs as thin crusts composed of 
minute crystals with dark iridescent faces lining, or 
partially lining, small cavities accompanied by 
magnetite, garnet, and amphibole . Also it occurs 
as single or twinned crystals up to 3 mm with 
surfaces altered to goethite and accompanied by 
garnet and amphibole . 

CHLORITE 

Chlorite, usually grey to greenish-brown in colour, 
is found as velvety micro-spherules of tiny foliated 
flakes coating small vesicles. 

CLINOZOISITE 

Clinozoisite occurs with, and is readily mistaken 
for, epidote in vesicles. It generally forms groups 
and sprays of fine, highly lustrous, transparent, 
well-terminated yellowish-green slender crystals 
up to 0.4 mm . Associated minerals are white 
laumontite or single transparent calcite rhombs 
often perched on the clinozoisite. 
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EPIDOTE 

Epidote commonly occurs alone , or occasionally 
with laumontite, in small grey-green chlorite-lined 
cavities, and also in larger cavities on and in 
analcime, accompanied by late prehnite and 
garnet. The epidote forms radial crystal groups or 
ran?omly oriented single crystals displaying a 
vanety of colours. Apart from the characteristic 
pistachio green it's colour varies from yellowish
green to leek-green. Crystals vary considerably in 
habit from elongated slender prisms to almost 
equant, and are up to 2 mm in length . Epidote 
locally occurs as compact crystalline aggregates 
which have replaced small areas of the lava matrix. 

FELDSPAR 

Feldspar forms small euhedral crystals up to 0.2 
mm associated with epidote , hematite , and garnet 
on fracture surfaces in close proximity to the dyke. 
Grain examination reveals a biaxial positive figure 
and refractive indices (by oil immersion) of 1.535-
1.540 suggest a composition close to the albite/ 
oligoclase boundary . 

grossular, to blackish-green and reddish-brown for 
andradite. The crystals are generally highly 
lustrous , sometimes with an iridescent coating and 
commonly show prominent sector zoning. 
Associated minerals are specular hematite , minute 
octahedral magnetite , and iridescent chalcopyrite, 
the latter two of which form a groundmass to the 
garnets (Fig. 5). 

GOETHITE 

Goethite occurs as a partial alteration of 
chalcopyrite but also as stalactitic forms with a 
golden yellow fibrous internal structure on and 
replacing hematite. 

HEMATITE 

Hematite commonly occurs as steel-grey, metallic, 
tabular crystals or lustrous individual blades up to 
2 x 1 x 0.2 mm. Also it forms specular rosettes 
which are often blood-red due to the thinness of 
th: crystals. Associated minerals are garnet , 
epIdote , and amphibole. 

FIGURE 5. Garnet (to 1.5 mm) associated with 
epidote and chalcopyrite , Loanhead Quarry. 

GARNET 

Both grossular and andradite occur (Livingstone, 
1989) as dodecahedral and trapezohedral crystals 
up to 5 mm across partially coating surfaces of 
vesicles. Colours vary from colourless , pink, 
golden , and pale to deep sherry-brown for 
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LAUMONTITE 

Laumontite is quite rare , occurring as small, 
equant or elongated prisms in cavities associated 
with analcime, epidote, clinozosite , and prehnite. 



MAGNETITE 

Magnetite forms a micro-crystalline coating 
accompanied by chalcopyrite , and partially lines 
interior surfaces of small vesicles . The remaining 
portions of the surfaces are lined by garnet. 

PREHNITE 

Prehnite forms pale to colourless botryoids and 
individual spherules up to 5 mm diameter, the 
surfaces of which exhibit curved interlocking 
terminations. Also it occurs as colourless , doubly 
terminated, and slightly curved , tabular crystals 
commonly in parallel growths up to 2 mm long. 
Additionally some colourless , transparent and 
lustrous, stubby, prismatic prehnite crystals 
exhibit hemimorphic terminations. 

PUMPELLYITE 

Pumpellyite occurs sparingly in small vesicles as 
blackish-green fibrous blades up to 1.5 x 0.2 mm 
lying prominently on , or protruding from , a grey
green , velvety chlorite surface lining . 

THOMSONITE 

Thomsonite occurs in vesicles with garnet , 
epidote , late-stage prehnite , and calcite, and 
locally with natrolite and harmotome. The 
thomsonite in these assemblages is similar in 
crystal form, appearance and size to that found 
throughout the amygdaloidal lavas. Also it is 
found pseudomorphing analcime crystals where 
the latter assumes a chalky appearance. 
Associated with the pseudomorphs are small , 
intergrown tablets of colourless prehnite and 
doubly terminated hexagonal tablets of late-stage 
calcite. Also it is present as a white powdery 
crystalline coating with epidote and grossular on 
analcime . Some small vesicles contain randomly 
oriented, colourless thomsonite blades up to 1 x 
0.5 mm which possess square chisel-shaped 
terminations. This material superficially 
resembles pectolite . 

In the neighbourhood of the dyke. very rare 
large cavities , up to 6-7 cm across. lined with 
colourless to ivory-coloured grossular , have been 
found . Within these cavities occur we ll formed 
sheaf-like thomsonite crystals up to 13 mm lon g. 

PYROXENE 

Pyroxene is found only rarely as small, dark green 
crystals in small cavities and on fracture surfaces. 
An electron probe microanalysis (recalculated on 
the basis of 6 oxygen atoms) yielded the following 
empirical formula: (Cao%,M&J7o, Feo.27, Naoo2) 
195(Sil90,Aloos)19s06' i. e. diopside (A. 
Livingstone, personal communication). 

DISCUSSION 

The presence close to the dyke of a distinctive suite 
of minerals that does not occur elsewhere in the 
quarry strongly suggests a dyke-related o rigin . 
However. no obvious thermal effects are apparent 
in the lavas at current exposure levels . Garnet 
development pre-dates , is contemporaneous with , 
and post-dates zeolite formation. T his association 
implies a very low tempe rature of formation. It is 
likely that the dyke was the source of the heat 
necessary to drive a localized hydrothermal system 
which resulted in a late r mine ralogical overprint. 
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CARBONATIAN CONNELLITE, A NEW VARIETY, 
FROM THE BRITANNIA MINE, NORTH WALES, 

AND FROM THE BOTALLACK MINE, CORNWALL 

A.M. POLLARD, R.G. THOMAS, P.A. WILLIAMS 

School of Chemistry and Applied Chemistry, University of Wales College of Cardiff, P.O. Box 912, Cardiff CFl 3TB 

R.E. BEVINS 

Department of Geology, National Museum of Wales, Cathays Park, Cardiff CF1 3NP 

and S. TURGOOSE 

Corrosion and Protection Centre, U.M.I.S.T., Manchester M60 lQD 

Connellite containing sulfate, SO/ , nitrate, NO, ' , and carbonate, CO,' . ions. including significant 
amounts of the latter, has been discovered in oxidized vein material from the Bntannla Mme , North 
Wales. This find represents the first report of another ion in the complex solid solutIOn senes between 
connellite and buttgenbachite. Connellite from the Botallack Mme, St. Just. Cornwall (talllng/te) also 
contains carbonate substituted for sulfate, together with mmor nitrate, and a specimen of 
buttgenbachite from Likasi, Zaire has been shown to contain all three anions. Carbonatian cannel lite 
may be easily synthesised using standard laboratory techniques. The presence of the vanous oxyanlons 
in the lattice is conveniently established using infrared spectroscopy. 

INTRODUCTION 

Connellite, a complex copper chloride mineral 
with the idealised formula Cu l<)Cl4 

(S04)(OHb.3H20 is a rare mineral found in the 
oxidized zones of certain base metal orebodies. It 
has however been reported from a number of 
localities and it appears that it is more widespread 
in its occurrence than has been previously thought, 
although it is found in small quantities . 

It is apparent that a solid- solution series extends 
between connellite and buttgenbachite, 
Cu I9CI4(N03MOHb.3Hp, the latter being a 
much rarer species. Analyses of buttgenbachite 
have in one instance shown that material does exist 
without sulfate ion in the lattice (Schoep, 1925). A 
series of other analyses (Buttgenbach, 1926; 
Bannister et al., 1950; Palache et al. , 1951) indicate 
considerable variations in the amounts of sulfate 
and nitrate present in all other specimens. End
member connellite containing no nitrate is known. 
By reference to the formula of connellite and 
buttgenbachite, it is not immediately obvious just 
how two nitrate ions could substitute for one 
sulfate ion. That this can in fact be achieved is 
illustrated by the single-crystal X-ray structure 
de' ~rmination of a connellite sample from Arizona 
(MCCLean and Anthony, 1972). The structure is 
composed of a three dimensional network of Cu2+ , 

OH- and CI- ions which contain large channels 
parallel to the c axis to give a zeoli tic-type 
framework. Sulfate, nitrate and water molecules 
occupy these channels. The crystal chemical 
formula for the sample analysed has been derived 

as being CU368[ (SO 4)o8(N 03)o2]2CI6( 0 H)6Q[ Clo33 
(OH)033(HP)033]6.6Hp and it is apparent that 
the connellite - buttgenbachite series may be 
developed by the substitution of two nitrates for 
one sulfate in the channels which run through the 
structure, or via a one-to-one exchange of these 
anions with accompanying fractional occupancy of 
one of the the copper ion sites. The channels are 
large enough to accommodate other anions, 
although the presence of such has hitherto not 
been reported. In the structure it is evident that 
several sites are disordered and that therefore 
there are subtle variations of stoichiometry which 
can be accomodated by the lattice. 

During a study of the synthesis and stability of 
secondary copper minerals, we had occasion to 
examine material from the Britannia Mine, North 
Wales, the Botallack Mine, 'Cornwall, and from 
Likasi, Katanga, Zaire. It was found that material 
from the former two localities was in fact 
carbonatian connellite, a new variety. The results 
of our studies of this material are presented below. 

EXPERIMENTAL 

ConneIlite (tallingite) from the Botallack Mine, 
Cornwall (BM 36536), and buttgenbachite from 
Likasi, Katanga, Zaire (BM 1933, 267), were 
provided from the collections of the British 
Museum (Natural History). Connellite from the 
Perran St. George Mine, Cornwall, was purchased 
from the Mineralogical Research Company, 
U.S.A.; a specimen of this latter material has been 
deposited in the National Museum of Wales 
(NMW 89.17G.Ml). Connellite from the 
Britannia Mine was collected in 1983 from Sneyd's 
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level (Colman and Laffoley, 1986) in oxidized vein 
material immediately adjacent to the site at which 
lanthanite-( Ce) was first discovered (Bevins et al., 
1985). 

Laboratory syntheses of connellite were carried 
out in the following manner. To an aqueous 
solution (100 cm3

) containing CuCl2.H20 (0.725g, 
4.25 mmol) , NaCl (1.606g, 27.5 mmol) and 
Na2S04.lOHp (0.70g, 2.17 mmol) was added 

TABLE 1 

CO2-free aqueous NaOH solution (0.05 mol dm- 3
) 

until the pH of the solution was 7.2. Fast addition 
of hydroxide gIves a blue precipitate which 
recrystallizes to connellite within 48 hours if the 
mixture is kept in a sealed container to exclude 
CO2, thermostatted at 25°C. It should be noted 
that slow addition of the hydroxide solution yields 
a green precipitate of paratacamite which also 
recrystallizes to connellite under the same 

Powder X-ray d spacings for the various connellite samples! 

1 

13.70ss 
8.00ss 
6.90ww 
5.51m 
5.20ms 
4.59m 
4.35m 
3.98w 
3.82m 
3.48m 
3.27s 
2.96w 
2.85w 
2.75ss 
2.62ms 
2.59m 
2.51s 
2.46ww 
2.38w 
2.29ss 
2.25mw 
2.20mw 
2.09w 
2.04w 
1.98mw 
1.91w 
1.855w 
1.811mw 
1.799mw 
1.754ms 
1. 725ww 
1. 673w 
1. 644ww 
1.613s 
1.580m 
1. 546w 
1. 520w 
1. 488s 

2 

13.20ss 
8.00ss 

5.53m 
5.20s 
4.59m 
4.32m 
3.98ww 
3.82m 
3.42m 
3.22s 
2.98ww 

2.74ss 
2.61ms 

2.51s 

2.38ww 
2.28ss 

2.19mw 
2.09w 
2.03w 
1. 98mw 
1.91ww 
1.853ww 
1.804mw 

1.756mw 
1.723ww 
1. 673ww 
1. 642ww 
1.613s 
1.578m 
1. 546w 
1.516ww 
1.488s 

3 

8.01ss 
6.862ww 
5.488m 
5.170m 
4.575m 
4.343m 
3.951w 
3.786ms 
3.427m 
3.215s 

2.858w 
2.743ss 
2.614m 
2.571m 
2.508m 
2.420m 

2.279ss 
2.262w 
2. 196w 

1.981w 
1.941w 

1.616m 

4 

8.00ss 

5.53m 

3.80s 
3.42m 
3.24s 
3.07ww 

2.77ss 
2.65m 

2.50ms 
2.46ww 
2.38w 
2.24ss 

2.173w 
2.092w 
2.051ww 
1.982w 
1.914ww 
1. 860ww 
1.81Om 

1.613s 

1.521w 

5 

8.00ss 

5.50s 

3.91w 
3.80s 
3.42m 
3.23s 
3.07ww 

2.76ss 
2.60m 

2.51s 

2.38ww 
2.28ss 

2.19w 
2.09w 
2.05ww 
1.98w 
1.91ww 
1. 852ww 
1.807ww 

1. 620m 
1. 570w 

1.506w 
1. 484w 

6 

7.86ss 
6.90w 
5.50s 
5.20m 

3.80s 
3.44m 
3.21s 
3.01ww 
2.83ww 
2.75ss 
2.59m 

2.50s 
2.45w 
2.38ww 
2.24ss 

2.17w 

2~05ww 

1.983mw 
1. 9 lOww 
1. 863ww 
1.812m 

1.672m 

1.613s 
1. 580m 
1. 546w 
1.521ww 
1. 487mw 

"Angstroms; s=strong, m=medium, w=weak; 1: connellite (Bannister et al., 1950); 2: tallingite (Bannister et al., 
1950); 3: synthetic end-member connellite; 4: carbonatian connellite , Britannia Mine; 5: synthetic carbonatian 
connellite; 6: end-member connellite, Perran St. George Mine. b Not observed with the powder camera geometry 
employed. 
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conditions as outlined above, but more slowly 
(several weeks). The product, end-member 
connellite, was collected at the pump, washed with 
water, then acetone and air dried. 

Carbonat ian connellite was synthesised in an 
analogous manner to that outlined above, except 
that the NaOH solution used was also 9.4 x 10-3 

mol dm-3 in Na2C03• 

Solution pH was monitored using a Radiometer 
PHM 85 meter fitted with a combination 
electrode. Infrared spectra were measured in KBr 
discs using a Perkin Elmer 783 spectrophotometer 
and a Perkin Elmer 1600 FTIR instrument. 
Analyses were carried out by Mrs A. Dams of the 
School of Chemistry and Applied Chemistry, 
UWCC. X-ray powder diffraction measurements 
were performed using a 114.6 mm diameter 
Debye-Scherrer camera and CuK(X 'radiation. 
The film punch employed to allow fitting of the 
collimator and beam stop was of such a size that 
measurement of the low angle (ca 13.7A) spacing 
of the various connellite samples was not possible. 

RESULTS AND DISCUSSION 

Table 1 gives d spacings for the connellite samples 
that have been examined, together with published 
data for the mineral (Bannister et al., 1950). All of 

FIGURE 1. Infrared spectra of A: synthetic end
member connellite; B: end-member connellite, 
Perran St. George Mine; C: synthetic carbonatian 
connellite; D: carbonatian connellite, Britannia 
Mine; E: carbonatian connellite, Botallack Mine; 
F: carbonatian buttgenbachite, Likasi, Zaire (the 
atmospheric CO~ absorptions are marked with an 
asterisk). 

the samples, including the synthetic ones, are 
clearly of the connellite series. Infrared 
spectroscopy however shows that the pattern of 
anion substitution in the connellite series is more 
complex than has hitherto been suspected. Spectra 
are shown in Figure 1. Synthetic end-member 
connellite gives characteristic absorptions due to 
the sulfate ion at 1118 (v3) and 990 cm- i (Vi) and 
these spectral features are repeated for material 
from the Perran St. George Mine (also end
member connellite). These absorptions are 
conspicuous in all other infrared spectra recorded. 

Material from the Botallack Mine was originally 
described as tallingite (Church, 1865), but its status 
as a separate species was susequently questioned 
and it was later shown to have an X-ray powder 
diffraction almost identical to that of connellite 
(Frondel, 1950; Bannister et al., 1950). No new 
chemical analyses of tallingite were reported; 
Church (1865) found sulfate, and indeed traces of 
carbonate. but ascribed these to the presence of 
minor impurities. The tallingite specimen (BM 
36536) examined here was the same as that worked 
on by the above authors, and it too has been shown 
to be a carbonate substituted connellite by infrared 
measurements (Figure 1). The infrared spectrum 
should be viewed in conjunction with that of 
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synthetic carbonatian connellite in the light of 
analytical results shown in Table 2. Characteristic 
absorptions due to the carbonate ion are observed 
at 1459 and 1368 cm- I (V3 and mixed CO stretch) . 
A complicating spectral feature with respect to the 
carbonate stretching frequencies is that these are 
overlain by others due to the presence of nitrate 
ion in the lattice (1402 and 1490 cm- I

). This is also 
evident in the carbonatian connellite from the 
Britannia Mine; this material contains less 
carbonate than does the tallingite specimen 
analysed. 

TABLE 2 

Partial analyses" of carbonatian varieties of the 
connellite-buttgenbachite series. 

1 

2.72 
0.37 

2 

2.13 
1.03 
0.54 

3 

2.21 
0.65 
0.54 

apercent; 1: synthetic carbonatian connellite; 2: 
carbonatian connellite , Botallack Mine ; 3: 
carbonatian connellite , Britannia Mine. Analyses 
correspond to CUI9CliX)(OHb.3HzO , with (X) 
being [(S04)O.80(C03)O.20] for 1, [(S04)049(C0 3)043 
(N03)oI6] for 2, and [(S04)05S(C0 3)031(N03)0 2Z] 
for 3 (see text). 

Carbonate and sulfate are also present in the 
specimen of buttgenbachite from Likasi , Katanga, 
Zaire (BM 1933, 267) as shown in Figure 1. The 
amount of material available for analysis in this 
case was such that an FTIR spectrometer had to be 
employed to record its infrared spectrum. 

Analyses of carbonatian connellite are shown in 
Table 2. With respect to lattice deficiencies of 
copper ions in the series connellite-buttgcnbachite 
and carbonatian connellite. it is not possible to 
deduce the exact stoichiometries of these samples 
(McLean and Anthony . 1972) . We have therefore 
calculated the mineral compositions on the basis of 
the stoichiometry CU I,)CliX)(OH).1~. 3 H cO. where 
X is SO~> . Co,- ~ and 2NO,- . Anion distributions 
in the substituted site are calculated from the 
analytical data after normalizing to complete site 
occupancy in the above formula. Insufficient 
material from the Likasi specimen of 
buttgenbachite was available for analysis . and so 
the anion distribution in this species is as yet 
unknown. 

It should be noted that the tallingite specimen 
has a concentration of carbonate in the sulfate site 
of connellite almost equal to that of the latter. 
Thus it seems possible that a new species which 
contains more carbonate than sulfate may occur in 
certain oxidized ores. The analyses are accurate to 
0.2% and the Botallack material may possibly be 
this new species. Clarification of this point must 
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await further analyses of other material available 
in greater amounts than was the case in this study. 
Significantly less carbonate is present in the 
Britannia Mine material , and it displays a variable 
nitrate content. In one analysis , no nitrate was 
detected . In all cases analysed here, nitrate ion is a 
minor component of the complex pattern of solid
solution . 

Carbonatian connellite is a new variety. The 
radius of the CO/- ion (185 pm) is such that it 
could be easily incorporated in the channels of the 
connellite structure. By way of comparison, the 
radii of the SO/- and N03 - ions are 230 pm and 
189 pm, respectively (Johnson, 1982) . lt is possible 
that the presence of carbonate in the lattice is 
reasonably common in natural connellites, and it 
should be noted that overlap in the IR spectrum of 
N03 - and CO/- absorbtions occurs to a 
considerable extent. Chemical analysis of such 
samples is desirable. 

We note in passing that we have been unable to 
synthesise end-member buttgenbachite using 
methods similar to those outlined above . This of 
course does not mean that such material does not 
exist in nature . In other experiments we have 

FIGURE 2. SEM photomicrographs of 
carbonatian connellite from the Britannia Mine ; 
scales are shown on the two plates. The botryoidal 
material is malachite. 



found that small amounts of sulfate are necessary 
for any members of the series to crystallize. As 
opposed to this observation, Schoep (1925) 
specifically notes that no sulfate could be detected 
in the one sample that he analysed. We do not of 
course dispute this report, but we should like to 
point out that it is possible that nucleation of 
buttgenbachite may have occurred when traces of 
sulfate ion were present in solution and that 
crystals of the nitrate end-member subsequently 
grew in the absence of sulfate (and carbonate) ion 
in this one case. We have no way of verifying this 
suggestion, but it would be entirely in accord with 
our synthetic observations. 

The minerals associated with carbonatian 
connellite from the Botallack Mine have been 
described previously (Church 1865; Bannister et 
al., 1950). Carbonatian connellite from the 
Britannia Mine occurs as a crust of flattened blue 
needles which show cleavage perpendicular to the 
needle axis (Figure 2). This overlies masses of 
georgeite whose infrared spectrum corresponds 
with that in the literature (Bridge et al., 1979); the 
georgeite is X-ray amorphous. Larger needles of 
blue carbonatian connellite up to 3mm long are 
found on top of the crusts. The georgeite, of which 
this represents only the second reported 
occurrence, is associated with spherical aggregates 
of radiating malachite needles and small quantities 
of goethite and other ferric oxyhydroxides. Single 
crystals of carbonatian connellite from this locality 
slowly effervesce in dilute mineral acids. 
Specimens of carbonatian connellite from the 
Britannia Mine have been deposited in the 
National Museum of Wales (NMW 89.17G.M2). 
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THE WESLEY MINE; A FURTHER OCCURRENCE OF 
MANGANESE OXIDE-HOSTED LEAD 

OXYCHLORIDE MINERALS IN THE BRISTOL 
DISTRICT 

C. ALABASTER 

Department of Geology, Wills Memorial Building, University of Bristol, Queen's Road, Bristol BS8 lRJ 

Foundation excavations in the grounds of the Wesley (formerly Didsbury) Theological College, 
Westbury on Trym, Avon, have revealed previously undocumented small opencast workings in the 
Carboniferous Limestone. Cerussite , hydrocerussite , wulfenite, laurionite, paralaurionite, mendipite, 
chloroxiphite, mereheadite and parkinsonite (two new minerals submitted for I.M.A. approval; R.F. 
Symes, pers. comm.), melanotekite, plattnerite, crednerite, phosgenite, desdoizite, vanadinite, barite, 
chrysotile, and a new lead oxychloride mineral have been found in the deposit in association with 
manganese oxides . The mode of occurrence of these minerals is described. It is suggested that the 
various manganese oxide deposits of the Bristol district may mark the sites of late Triassic age alkaline 
springs. 
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During the course of excavating foundation 
trenches for an extension to Wesley Theological 
College, Westbury on Trym, if! Bristol, Avon (see 
Figure 1; shown on the Ordn~nce Survey 1:10,000 
sheet as Didsbury Theological College, grid 
reference ST 569 782) infilled opencast workings 
for manganese oxide were encountered in the 
Carboniferous Limestone. The workings were 
partially re-excavated (8-9 July 1983), thus 
affording a brief opportunity to examine the 
mineralization. 

The excavations consisted of two vertical 
parallel trenches (strike ca. 350°) separated by 2 m 
of massive unmineralized limestone. The larger 
open cast was re-excavated to a depth of about 3.5 
m along a strike distance of 10 m. At its widest 
point the trench tapered from 1.5 m at the surface 
to about 30 cm at the bottom and narrowed when 
traced northwards. The true bottom of the 
excavations was not reached. The smaller 
opencast, measuring about 40 cm in width, was 
exposed to a depth of 1 m and was not re
excavated. In both cases infill consisted of a 
mixture of uncompacted soil, limestone rubble, 
pea to fist sized blocks of calcite and manganese 
oxides and rare pieces of red, limestone breccia 
(derived from the Dolomitic Conglomerate of 
lowermost Triassic age). The workings were again 
intersected about 7 months later during which time 
the majority of the secondary lead minerals 
described below were collected. A total strike 
length of 35 metres and 10 metres was proved for 
the large and small opencasts respectively. It is not 
known precisely when the mine was in operation, 
but manganese ores were being worked in the 
Bristol district during the 17th, 18th and 19th 
centuries. 

BATHW/1 

• Higher Pitts Mine 

Merehead • 
Quarry 

' .... \ .... 1, 60 

, 
) " 

, , , 

FIGURE l. Map showing the location of the 
Wesley Mine, along with other mineral localities 
referred to in the text. 

GEOLOGICAL SETTING 

The low Carboniferous Limestone ridge 
compnsmg Coombe Hill, on which the old 
manganese workings (hereafter refered to as the 
Wesley Mine) are located, forms a part of the 
prominent north-eastern flank of the deeply 
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eroded , Permo-Triassic age , Westbury on Trym 
Pericline. Upper Devonian sedimentary rocks are 
exposed in the core of the fold. Coombe Hill is 
flanked by Upper Triassic marls (Mercia 
Mudstones) and breccias (Dolomitic 
Conglomerate) which rest uncomfortably on the 
Palaeozoic rocks. The Wesley Mine manganese 
deposit consists of two narrow vertical veins , 
which parallel the well-developed , roughly north
south trending joints in the Carboniferous 
Limestone.Approximately 700 m to the south
west of the Wesley Mine, a small podiform 
replacement deposit of manganese and iron 
oxides, developed within a N-S trending Triassic 
rubble-filled fissure , is exposed in the backwall of 
the disused Coombe Farm Quarry (ST 562 778; see 
Figure 1) . Wuifenite,cerussite , melanotekite and 
chrysotile have been found in this deposit. 
Emplacement of the manganese oxide ore bodies 
was followed by at least one phase of sulfide 
(galena, pyrite , sphalerite , chalcopyrite) vein 
mineralization which cuts across the 
ferromanganese deposits. On Henbury golf
course, between Coombe Farm Quarry and the 
Wesley Mine , a row of shallow pits marks the site 
of former lead workings along a NE-SW trending 
post-Triassic fault. This mineralization , consisting 
of silicified fault breccia containing disseminated 
galena and sphalerite, may well be 
contemporaneous with the Cretaceous Harptree 
Bed Pb-Zn-Ba-Si hydrothermal episode. 

IRON AND MANGANESE MINERALIZATION 

Very little of the iron and manganese 
mineralization could be seen in situ . In the larger 
opencast, traces of manganese oxides were found 
adhering to both walls. At a depth of about 2.5 
metres from the surface , the mined out remains of 
a pocket of compact , earthy ,microcrystalline 
manganese oxide was visible in one wall. This 
pocket showed gradational contacts with the 
limestone, a thin discontinuous margin of mixed 
iron and manganese oxides , and numerous small 
calcite-lined cavities , in section measuring up to 3 
cm in length. A central filling of white opaque 
cerussite was present in several cavities; those 
cavities developed close to the margins of the 
pocket tended to be elongated parallel to the 
limestone-manganese oxide contact. From the 
limited exposures available the overall structure of 
this pocket appears to be very similar to that of the 
podiform replacement deposit of manganese oxide 
at the nearby Coombe Farm Quarry , and at 
Higher Pitts Mine and Merehead Quarry in the 
Mendips (see Figure 1). At both Coombe Farm 
and the Merehead No.1 vein, the iron-manganese 
mineralization is associated with Triassic rubble
filled fissures in the Carboniferous Limestone. 

At the Wesley Mine the detached pieces of 
manganese ore within the rubble backfill vary in 
texture from soft and earthy (wad) to compact , 
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granular , cindery , massive or banded , with a dull 
to vitreous lustre. Small pieces of botryoidal O/;.e 
are abundantly present and some show what 
appear to be desiccation cracks. Botryoidal are 
showing colloform banding and desiccation cracks 
has been recorded from Higher Pitts Mine and 
Merehead Quarry . X-ray diffraction 
measurements and reflected light microscopy 
suggest that the principal manganese oxide 
mineral at the Wesley Mine is pyrolusite. 
Hausmannite is locally abundant and occurs both 
in massive form and as crusts of sub-millimetre 
sized octahedral crystals lining cavities in the 
massive ore. In some polished sections the former 
existence of manganite is inferred by the presence 
of shrinkage cracks parallel to (010) in some of the 
large crystalline grains of pyrolusite. These cracks 
are believed to result from the volume reduction 
consequent upon the alteration of manganite to 
pyrolusite (Ramdohr, 1969) . Euhedral crystals 
and crystal clusters of manganite, and possibly 
hausmannite , also occur as rare inclusions in some 
of the lead oxychloride cavity fillings . Minute 
veinlets and/or small pockets of granular pink 
rhodochrosite were observed in a few pieces of 
manganese are. 

In contrast to the abundance of manganese 
oxide, the rubble backfill is almost devoid of 
fragments of iron ore. Earthy to massive goethite 
appears to have been the principal iron mineral. 
The paucity of iron-rich debris is unusual sinc~ 
throughout the Bristol district manganese ores are 
often found with considerable quantities of 
associated iron oxides . Both the Coombe Farm 
Quarry deposit and the No .1 vein at Merehead 
Quarry, to which the Wesley Mine mineralization 
bears a close resemblance, contain significant 
quantities of earthy to massive iron oxides, 
although high grade iron ores are rare. It can only 
be assumed that at the Wesley Mine all of the iron
rich material must have been removed, possibly 
for use as ochre pigment for which even the impure 
earthy ores would have been suitable. The 
manganese ores appear to have been hand-sorted 
on site , as evidenced by the abundance of calcite
rich manganese oxide fragments in the backfill , 
with only the highest grade material being taken 
away. Gough (1930) states that during the 17th and 
18th centuries, compact black manganese oxide 
was in great demand by the local glassworks where 
it was added to the melt in order to neutralize the 
green colour caused by iron-bearing impurities. 

SULFIDE MINERALIZATION 

Examination of the large opencast and the rubble 
backfill revealed evidence of at least one phase of 
hydrothermal lead, copper and iron sulfide 
mineralization which post-dates the formation of 
the manganese oxide ore body and the secondary 
mineral suite. Primary sulfides consist of galena, 
chalcopyrite , and massive and framboidal pyrite . 



Mineralization in situ consisted of the remains of a 
2 cm wide vertical calcite vein (adhering to and 
paralleling one wall of the large opencast) which 
contained a few grains of galena , and a 
chalcopyrite-secondary Cu-sulfide bearing 
fracture in the limestone which intersected a small 
pocket of compact manganese oxide. Iso,lated 
grains of covellite were seen in several polished 
sections of loose pieces of compact manganese 
oxide. Partially altered grains of copper sulfides 
(and in one case what appears to be a corroded 
crystal of galena encrusted with orange wulfenite) 
occurred in a few of the calcite nodules and 
geodes. 

Grain mounts of fragments of first generation 
lensoid wulfenite crystals, mendipite, 
paralaurionite and calcite from the host nodules 
not infrequently show two-phase liquid-rich fluid 
inclusions. The inclusions are mostly irregular in 
outline, or spindle shaped with pointed 
terminations, and tend to be clustered into sinuous 
sheets or trains in a manner which suggests that 
they formed along healed fractures in the host 
crystal. Their irregular shape contrasts sharply 
with the primary fluid inclusions which commonly 
take the form of negative crystals. A few of these 
also contain a vapour bubble. The mean 
homogenization temperature of 10 liquid-rich 
inclusions in sparry calcite from a chalcocite
bearing veinlet in a large detached block of 
Carboniferous Limestone is 63.5°C(range 57-
n °C). Measurements on three similar inclusions, 
each from laurionite, mendipite and a calcite 
geode, are within the same range (60-68°C) , 
suggesting a common origin for both sets of 
inclusions. Sulfide-bearing calcite veins have also 
been observed to cut the iron and manganese 
mineralization at Higher Pitts Mine (LJoyd
Morgan, 1890) , Merehead Quarry and Coombe 
Farm Quarry. 

Two-phase liquid-rich inclusions have been seen 
in grain mounts of mendipite from both Merehead 
Quarry and the Higher Pitts Mine . At the Wesley 
Mine, it appears that the hydrothermal solutions 
thoroughly permeated the manganese oxide 
orebody. However apart from giving rise to the 
two-phase inclusions these fluids do not appear to 
have had much effect on the secondary mineral 
suite. 

SECONDARY MINERALS 

Examinations of approximately 1000 individual 
specimens of manganese oxide, mineralized 
limestone and calcite , recovered from both the 
large and small opencast , yielded about 500 
specimens contammg secondary lead or 
manganese minerals . The secondary minerals 
always occur either within or in the immediate 
vicinity of the manganese oxide as fracture and 
cavity fillings, or within calcite nodules and geodes 
as geodal infillings, drusy encrustations , discrete 

crystals or veinlets following fractures and calcite 
grain boundaries. The nodules and geodes 
represent secondary calcite cavity fillings which 
have been broken out of the manganese oxide 
host. The largest specimen , a geode , measured 
about 1950 cm3 in volume. Most, if not all , of these 
cavity fillings have developed in stages , sometimes 
with a sufficient time interval between the 
crystallization of successive layers of calcite to 
permit thin films of manganese oxide, and in a few 
cases serpentine group minerals, to form on the 
growth surface . These layers subsequently became 
incorporated into the nodule as calcite deposition 
recommenced. In section, many of the nodules 
and geodes display coarse colour banding parallel 
to their surface . In this respect the Wesley Mine 
material closely resembles the "calcite nodules" at 
both Merehead Quarry (Alabaster , 1975) and the 
Higher Pitts Mine , in which a very similar range of 
secondary lead , copper and manganese minerals 
have been found . 

To date, the following minerals have been 
identified from the Wesley Mine (as a rough guide 
to their abundance , the number of specimens in 
which each species has been identified is given in 
brackets: cerussite (ca 500) , wulfenite (54), 
hydrocerussite (10) , paralaurionite (28) , 
laurionite (14) , mendipite (13) , parkinsonite ' (25) , 
mereheadite ' (3) , chloroxiphite (3) , an 
unidentified lead oxychloride (7) , melanotekite 
(6), plattnerite (11) , crednerite (3), phosgenite 
(9), descloizite (1) , vanadinite (1), barite (3R) , 
serpentine group minerals (14). 

CERUSSITE AND HYDROCERUSSITE 

Cerussite , PbCO), is widely distibuted throughout 
the manganese ore in the form of veinlets, cavity 
fillings, and diffuse impregnations . It occurs in 
association with many other secondary lead and 
manganese minerals and is the principal alteration 
product of the lead oxychlorides. Hydrocerussite 
is much less abundant and occurs both as rare 
corroded massive cavity fillings in the manganese 
ore, and as a trace impurity in cerussite . Most of 
the cerussite is of the massive , opaque , white 
variety; euhedral crystals are rare , very small (to 5 
mm) and mostly occur as reticulate twins within 
pockets in the cerussite alteration rims 
surrounding the lead oxychlorides. Rare cerussite 
pseudomorphs after tabular hexagonal 
hydrocerussite crystals (to 8 mm) occur as geodal 
infillings in some of the calcite nodules. Similar 
cerussite pseudomorphs 9ccur at both Merehead 
Quarry and the Higher Pitts Mine. 

'New mineral names submitted to IMA for 
approval (R.F. Symes, pers. comm.). 
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At Wesley Mine, cerussite ranges in colour from 
water-clear to opaque white , and less commonly 
pale green, yellowish-green, brown, bright red, 
and bright yellow. The green and brown varieties 
are indistinguishable by XRD, wet chemical and 
microprobe analysis from the colourless and white 
cerussite. They appear to be closely associated 
with the lead oxychloride mendipite, laurionite 
and paralaurionite, where they either abut directly 
onto the oxychloride or are separated from it by a 
thin layer of white cerussite . In some specimens 
the green and brown cerussite forms a continuous 
rim around the grain and when both are present 
the brown variety occurs towards the inside. 
Alternatively , they form irregular diffuse patches 
within the white cerussite alteration rim. Not all of 
the laurionite, paralaurionite and mendipite is 
associated with the coloured cerussite . In a few 
specimens the green cerussite is encrusted by 
colourless crystals of a second generation of 
cerussite which appears to have formed at the 
expense of the former . Both the green and the 
brown cerussite are stable towards heat (1050 for 
24 hrs.) and UV light (unfiltered lOOW mercury 
arc for 24 hrs.) suggesting that the colour is not 
caused by organic compounds or annealable 
crystal lattice defects. When viewed using a 
Technosyn 8200 Mk II cathode luminoscope very 
little difference was apparent between the green , 
brown and white cerussite. For the given 
experimental conditions (accelerator voltage 15 
kV, beam current 370 microA, chamber gas air , 
clear glass viewing port) six uncoated, polished (1 
micron finish) slabs of massive white cerussite 
containing residual grains of either laurionite or 
paralaurionite rimmed by brown and green 
cerussite showed a strong bluish white 
luminescence from the c..erussite . Against this 
background the brown and green zones appeared 
slightly darker but displayed essentiaily the same 
colours as were visible under normal viewing 
conditions, although of much lower intensity. It is 

probable that the white light emitted from the 
cerussite is simply illuminating the green and 
brown areas to give the washed out 'moonlight' 
colours, as opposed to there being a distinct green 
and brown luminescence. The lead oxychlorides 
showed no luminescence in the visible part of the 
spectrum. A polished slab of a single colourless 
transparent crystal of cerussite from Merehead 
Quarry showed a similar bluish-white 
luminescence, although less intense, as that 
associated with the Wesley Mine material. 
Enhanced luminescence at the edges of the 
specimen, where the polish was poor, suggests that 
the somewhat granular, inhomogeneous nature of 
the Wesley Mine cerussite (formed by in situ 
alteration of the lead oxychlorides) may be 
responsible for its stronger luminescence . 
Although no definite conclusions can be drawn 
from these results, it would appear that neither 
rare earth content (Alabaster , 1975; Miller , 1980) 
nor manganese (Pierson, 1981) is responsible for 
the green/brown colouration . It may be more than 
coincidence that in the laurionite-paralaurionite 
intergrowths, laurionite, and less commonly 
mendipite, have a distinctly brownish hue. Since 
cerussite is the alteration product, the brown and 
green colouration may be due to some 
unrecognized low-level impurity originally present 
within the oxychlorides. The c.L. results do not 
rule out Fe(Il) (green) and Fe(III) (brown) as 
possible candidates; however. in a carbonate host, 
iron has been found to quench luminescence when 
present at a concentration of greater than 1 % 
(Pierson, 1981). Pale yellow to lime-green 
cerussite has previously been recorded from 
Merehead Quarry where it occurs as surface 
coatings on hydrocerussite and as crystalline 
masses either alone or in association with the lead 
oxychlorides. Bright red cerussite has been seen to 
occur within the greenish alteration rim 
surrounding a single grain of mendipite. The cause 
of the red colouration could not be established. 

FIGURE 2. A: Large compound crystal of phosgenite, developed on paralaurionite ; B: Edge-on view of a large 
compound phosgenite crystal, developed on paralaurionite; C: Freely grown euhedral phosgenite crystals, 
developed on a laurionite-paralaurionite intergrowth.In the background , a scaly encrustation is formed by thin 
irregular tabular phosgenite crystals; D: Scaly encrustation by irregular, tabular phosgenite crystals on 
laurionite-paralaurionite substrate. Crystals in top right of photograph are rounded due to corrosion; E-H: X-ray 
elemental scans of a polished cleavage flake of crednerite (grown into a cavity containing mendipite which has 
been partially replaced by plattnerite). X-ray maps illustrate the uneven distribution of lead (Pb), manganese 
(Mn), and copper (Cu) in the seemingly homogeneous (in hand specimen) cleavage flakes. Instrument: 
Cambridge Instruments Microscan 9 electron probe . S.E.1. = secondary electron image ; I-J: Cerussite 
pseudomorphs after paralaurionite; K: Two crystals of descloizite, grown on calcite. 
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LAURIONITE AND PARALAURIONITE 

Although rare minerals. laurionite, PbCl(OH) 
and especially paralaurionite , PbCI(OH) , appear 
to be fairly abundant at this locality. The dimorphs 
usually occur together either as coarse to fine 
intergrowths , or as adjacent heavily corroded 
separate grains set in a groundmass of white 
opaque cerussite. Intergrowths involving both 
minerals and mendipite (especially between the 
latter and paralaurionite) and between 
paralaurionite and the unidentified acicular lead 
oxychloride (vide infra) also occur. Fine 
intergrowths of laurionite and paralaurionite 
invariably have a fibrous-prismatic appearance. 
Individual grains of paralaurionite are quite 
common. The largest specimen measured 5 x 
1.5cm in section. A thick cerussite alteration crust 
is always present. When broken open these grains 
are usually colourless, rarely pale brown , 
transparent to translucent with a brilliant lustre on 
the prominent (001) cleavage surface. 
Submillimetre sized , irregular. bright yellow spots 
are occasionally developed in the crystals . The 
cause of the colouration is not known. The ability 
of fragments to flex about (010) readily 
distinguishes paralaurionite from all of the other 
lead oxychlorides in this deposit. 

Laurionite appears to be much less common 
than paralaurionite. Isolated grains are rare , very 
small, and appear to have suffered a much greater 
degree of alteration to cerussite than that 
commonly found for paralaurionite . The largest 
grains measured 3 x Imm in section. Colour varies 
from dark brown through to pale brown or pale 
grey ; the mineral is transparent to translucent with 
a vitreous-resinous lustre on cleavage surfaces. It 
is more brittle than paralaurionite and often has a 
distinctly prismatic appearance. No crystals of 
either laurionite or paralaurionite have been 
found but a few spear-head 'shaped cerussite 
pseudomorphs encrusting the outside of a large 
corroded tabular paralaurionite geode filling 
probably represent original crystals of this mineral 
(Fig. 2, I , J). 

Paralaurionite has previously been recorded 
from Merehead Quarry (Alabaster 1975 ; Symes 
and Embrey, 1977) where it occurs as large 
colourless to sulphur-yellow grains and 
intergrowths with mendipite. XRD traces of some 
of the mendipite-paralaurionite intergrowths from 
Merehead Quarry show evidence of the presence 
of very small amounts of laurionite . Otherwise it is 
a very rare mineral. In Britain laurionite has only 
previously been described" from the Wheal Rose 
lead .!1)ine in Cornwall where it occurs in 
association with paralaurionite, phosgenite and 
anglesite in cavities in oxidized galena-bearing 
veins which have been permeated by sea water 
(Russell. 1926) . 
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MENDIPITE 

The mode of occurrence and general morphology 
of mendipite , Pb3C120 2 , from the present locality 
is very similar to that of mendipite from both 
Higher Pitts Mine and Merehead Quarry. At the 
Wesley Mine it occurs as compact cleavable 
masses of lustrous, off-white (variously with a 
brown , yellow, green , or purple tinge) , 
translucent , parallel or slightly divergent splays of 
brittle prismatic-acicular crystals which terminate 
abruptly against the walls of the enclosing cavities. 
The largest specimen measured 6 x 3cm in section . 
At this locality mendipite is invariably intergrown 
or associated with paralaurionite and less 
commonly laurionite. A very fine intergrowth 
between mendipite and paralaurionite was noted 
in one specimen where paralaurionite developed 
parallel to the elongation of the prismatic 
mendipite crystals. Alteration of the 
paralaurionite to phosgenite has locally occurred. 
It is not known how many of these intergrowths are 
of primary formation or merely reflect post
depositional changes in solution conditions which 
have resulted in the partial conversion of one 
species to the other (Humphreys et al., 1980). 
Other species with which mendipite may be 
associated include wulfenite, barite , crednerite , 
manganite , chloroxiphite, parkinsonite , and 
mereheadite. In general , alteration is to 
hydrocerussite and/or cerussite , but in common 
with the other lead oxychloride minerals in this 
assemblage it is locally replaced by massive and 
crystalline plattnerite. 

On the basis of the limited material available , 
mendipite appears to be less widely developed 
than the lead hydroxychlorides laurionite and 
paralaurionite, in sharp contrast to both Merehead 
Quarry and Higher Pitts Mine where it is probably 
the most abundant lead mineral after cerussite and 
hydrocerrusite. Mendipite can crystallize over a 
much wider range of solution conditions than 
laurionite-paralaurionite, which no doubt 
accounts for its abundance at the Mendip 
localities. The seemingly anomalous situation at 
the Wesley Mine may be due to nothing more than 
the preservation of unusually large amounts of 
Pb(OH)CI which elsewhere has been largely 
converted to mendipite or other lead minerals . It 
may be significant that at the present locality 
cavities in which mendipite forms the dominant 
phase tend to be much larger than those containing 
paralaurionite or laurionite alone. Complete 
filling of the small cavities with primary Pb(OH)CI 
would effectively seal them off, thereby affording 
some degree of protection from further alteration. 
In the larger cavities where complete filling has not 
always ocurred , early Pb(OH)CI would be much 
more susceptible to the effects of changes in 
solution chemistry. Both laurionite and 
paralaurionite are much more soluble in water 



than is mendipite. The alternative suggestion, that 
solution conditions never moved far from the field 
of stability of Pb(OH)Cl seems unlikely in view of 
the variety of lead oxychlorides present in this 
deposit and the close similarity between the 
oxychloride assemblages at this and the Mendip 
localities. 

In common with mendipite from Higher Pitts 
Mine and Merehead Quarry specimens from the 
Wesley Mine slowly and irreversibly darken on 
exposure to air in bright sunlight or diffuse 
daylight. A systematic investigation of this effect 
using hand-picked, essentially paralaurionite-free 
mendipite from Merehead Quarry reveals the 
colouration to be due to a photochemically 
produced surface layer containing PbOz (a 
strongly coloured compound), laurionite and 
paralaurionite . Discolouration only occurs in the 
presence of moisture (including atmospheric water 
vapour) and is independent of the presence of 
oxygen. Continuous measurement of the 
reflectance of powdered mendipite over the 
wavelength range 700nm -190nm reveals the onset 
of strong absorption in the near ultraviolet at 
about 380nm. Above 400nm reflectance is 
uniformly high . Irradiation of damp finely ground 
« 200#) mendipite powder with UV light on the 
short wavelength side of its absorption edge causes 
the powder to develop an orange-brown surface 
discolouration with the production of PbOz, 
laurionite and paralaurionite (visible light filtered 
to remove wavelengths <400nm has no effect on 
the damp powder). Similar measurements using 
powdered paralaurionite , from the present 
locality, show uniformly high reflectance of 
wavelengths down to 320nm with strong 
absorption below 305nm. A faint brownish tinge 
(due to PbOz) was noticeable after about 8 hours 
continuous exposure of the damp powder to bright 
sunlight. At sea level the solar spectrum is 
continuous from 700nm - 290nm with a rapid 
decrease in the intensity of wavelengths below 
about 400nm. Although solid pieces of mendipite 
may take several weeks to darken, exposure of the 
damp powder to bright sunlight produces a 
noticeable discolouration in as little as 30 minutes. 
After about 8 hours, the surface of the powder has 
darkened to a deep orange-brown colour which 
directly corresponds to that seen on broken 
surfaces of mendipite which had been left in situ 
for 1 week on the No . 1 vein at Merehead Quarry. 
During this period the mineral was subjected to 
alternating periods of heavy rain and bright 
summer sunshine . The presence of laurionite and 
paralaurionite (absent from the underlying 
mendipite) was confirmed by X-ray powder 
photography; PbOz was detected using the 
benzidene blue method (Vogel, 1965) . 
Discolouration of the mendipite powders and solid 
lumps is restricted to a very thin surface layer; the 
underlying mineral is unaltered. 

A very similar discolouration can be obtained by 
treating powdered mendipite with aqueous NaOCI 
solution or chlorine water. Mendipite is 
progressively destroyed and PbOz, laurionite and 
paralaurionite form. Solid specimens develop an 
orange brown surface coating containing PbOz. 
Formation of Pb(OH)Cl does not appear to be 
dependent upon the action of light since damp 
mendipite powder slowly alters to laurionite and 
paralaurionite over a period of several months 
when stored in the dark at room temperature . At 
40°C detectable quantities of Pb(OH)CI are 
produced, in the absence of light, within one week. 
Such an alteration process is entirely in keeping 
with predictions made from the phase diagrams of 
Humphreys et ai. (1980) for the system PbClz -
Pb(OH)Cl - Pb30 1 Clz in aqueous solution. 

CHLOROXIPHITE 

Probably the rarest oxychloride mineral in this 
assemblage, chloroxiphite , Pb3CuClz(OH)20 z, 
occurs as minute randomly orientated olive-green 
bladed crystals , up to Imm in length , embedded in 
mendipite. In one specimen the mendipite is 
intergrown with small amounts of laurionite and 
paralaurionite, and in another it is associated with 
what appears to be yellowish-white mereheadite . 
The latter specimen also showed patchy 
encrustations of a powdery sky-blue mineral on 
the surface of some of the chloroxiphite crystals. 
Insufficient material was available for an X-ray 
powder photograph. At Merehead Quarry, 
chloroxiphite has been found altering to powdery 
microcrystalline sky-blue diaboleite . A more 
common alteration product of chloroxiphite is 
malachite, sometimes associated with azurite. No 
malachite was seen on the specimen in question so 
it is quite possible that the blue mineral is 
diaboleite, formed as an alteration product of 
chloroxiphite . 

Hitherto, chloroxiphite has remained unique to 
the Mendip Hills, where also it is one of the rarer 
minerals in the oxychloride suite. At both 
Merehead Quarry and Higher Pitts Mine it 
typically occurs as bladed crystals embedded in 
mendipite. Associated oxychloride minerals 
include diaboleite (Higher Pitts Mine) in addition 
to paralaurionite, mereheadite and parkinsonite at 
Merehead Quarry. At the present locality, two 
specimens showed small grains of orange 
parkinsonite embedded in calcite adjacent to the 
chloroxiphite-bearing cavity fillings . 

Humphreys et ai. (1980) have shown that under 
conditions which favour, the crystallization of 
mendipite, the Cu-Pb oxychlorides chloroxiphite 
or diaboleite will be preferentially precipitated if 
Cu(II) is introduced into the mineralizing 
solutions. Crystallization of the lead-only species 
will recommence when the copper is used up . 
Although chloroxiphite has a large field of stability 
it is thought that it may still be an unstable mineral , 
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readily altering to other species with changing 
solution conditions. These properties would 
account for its close association with mendipite 
(which has largely protected the included 
chloroxiphite crystals from chemical attack) , and 
thus, its rarity. 

PHOSGENITE 

Phosgenite, Pbz(C03)Clz, occurs sparingly as sub
millimetre sized colourless , greasy crystals which 
form thin continuous encrustations on the walls of 
solution-enlarged cracks and cleavage planes in 
some of the laurionite-paralaurionite intergrowths 
and larger grains of paralaurionite. Similar 
encrustations were also seen in a large and 
extensively altered paralaurionite-mendipite 
intergrowth, the phosgenite occurring in that part 
of the intergrowth where paralaurionite was the 
dominant phase . Phosgenite has not been found in 
association with mendipite alone , or with 
mereheadite or the unknown acicular lead 
oxychloride mineral (vide infra) . To date it has not 
been recorded from Merehead Quarry or the 
Higher Pitts Mine. 

The majority of the phosgenite crystals are less 
than 100 microns in diameter and tend to be 
flattened parallel to (00l) , thus giving the 
encrustations a distinctly scaly appearance. The 
individual crystals are often grouped to form 
irregular 'domains ' which effectively comprise 
much larger single stepped crystals (Fig. 2, A , B) . 
Thin tabular crystals with irregular outline, up to 
500 microns in diameter, are also developed . Free 
euhedral crystals are rare and for the most part 
consist of modified squat tetragonal prisms (Fig. 2, 
C) which are broadly similar in appearance to 
crystals figured by Greg and Lettsom (1858 , Figs. 
2-5) from Cromford, Derbyshire. 

Alteration is to colourless crystalline or massive 
white cerussite. Phosgenite is restricted to inner 
recesses of the host fracture' and gives way to 
cerussite closer to the surface. In addition, 
reticulate clusters of colourless tabular cerussite 
crystals are sometimes developed within the 
phosgenite-bearing fissures. In the vicinity of these 
clusters, which can attain a diameter of several 
millimetres, the phosgenite crystals tend to be 
corroded and show rounding of the crystal faces 
(Fig. 2, D). The relationships between the host 
minerals and the phosgenite encrustations point to 
the phosgenite being an alteration product. The 
apparent absence of phosgenite from the 
undisturbed Merehead Quarry deposits , where 
mendipite-paralaurionite intergrowths and large 
grains of paralaurionite occur in an almost 
identical geological environment to the Wesley 
Mine, may indicate that alteration post-dates 
mining. The most common alteration product of 
both laurionite and paralaurionite is cerussite. 
Abdul-Samad et al. (1982) have shown that 
alteration to phosgenite will only occur if the 
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concentration of carbonate in solution falls within 
a narrow range such that Pb(OH)Cl becomes 
unstable yet the carbonate content is too low for 
cerussite to form. 

Phosgenite readily alters to cerussite . In the 
present case, the marked preference of phosgenite 
for a laurionite-paralaurionite host is probably due 
to the solubility in cold water of laurionite (and to a 
lesser extent paralaurionite), the brittleness and 
c1eavability of laurionite, and the ease with which 
the cleavage planes of paralaurionite can be 
opened up in response to mechanical deformation. 
Taken together, these factors would provide for a 
plentiful supply of lead and chlorine ions and 
sheltered micro-environments (solution enlarged 
cracks and cleavage planes) in which phosgenite 
could crystallize and be largely protected from 
subsequent changes in the external environment. 
The apparent absence of phosgenite from the 
Merehead Quarry deposit may be a consequence 
of conditions being unfavourable to its 
preservation and, possibly , the concentration of 
carbonate in solution never remaining within the 
critical range of values for sufficient time to enable 
significant quantities of this mineral to develop. 

In Britain, small quantities of phosgenite have 
previously been recorded , from about ten other 
localities where it has formed as a result of 
reactions between oxidising galena (and in one 
instance metallic lead; see Midgley , 1958) and 
chlorine-bearing groundwaters . 

CREDNERITE 

Small clusters (to 3mm) of opaque , black, 
lustrous, platy crystals of a copper-and
manganese-bearing mineral , showing perfect 
cleavage parallel to the platy surface, and sooty 
black streak, occur in a few of the plattnerite
bearing oxychloride cavity fillings. The crystals 
form foliated masses and fan-like radiating 
sheaves which project into the cavity , with an 
origin at or very close to the calcite-lead 
oxychloride contact. In one specimen, splays of 
black platy crystals are partially engulfed by 
calcite. The copper-manganese mineral is always 
associated with massive, and in one case fibrous, 
cerussite which fills the spaces between the 
crystals. Other species with which it is associated 
include colourless to pink barite, plattnerite and, 
in one specimen, amorphous translucent pale to 
dark brown grains of chrysotile. Alteration is to 
malachite. 

The crystals readily cleave parallel to the platy 
surface to give broad, thin , highly-reflecting brittle 
to slightly flexible plates. Reflected light 
microscopy reveals up to 3 sets of striations on the 
platy surface , which frequently intersect, making 
angles with each other of ca. 54° and 63° (average 
of 37 readings), and which in many cases resemble 
cleavage-controlled shrinkage cracks. They 
appear to represent more or less perfectly 



developed cleavages which in some cases can be 
seen to intersect the plane of the plate at a high 
angle. These striations frequently form rhombic , 
triangular or hexagonal patterns on the platy 
surface . Cleavage flakes are weakly anisotropic 
(max. colours dark grey or brownish grey) and 
under crossed polars very occasionally show what 
appear to be thin twin lamellae. The platy cleavage 
flakes have a uniformly crackled texture. X-ray 
powder photographs do not match the published 
data for crednerite or any of its documented 
alteration products, but give a good fit with 
cerussite and in one instance strontianite. Several 
specimens were submitted to the British Museum 
(Natural History) for further examination . X-ray 
elemental scans of2 polished grain mounts (Fig. 2 , 
E-H) show these to be a mixture of several 
different phases; there appear to be lead-rich areas 
(probably due to localized concentrations of 
cerussite), copper-and manganese-rich areas, and 
small patches enriched in copper, lead and 
manganese . The latter appear to consist of a 
further mixture of unidentified phases. 
Microprobe analysis of the copper- and 
manganese-rich areas are reasonably consistent on 
both specimens; two typical spot-analyses gave 
MnO 57.4wt%, CuO 24.31wt%, PbO 1.98wt%, 
FeO n.d.; and MnO 56.62wt%, CuO 24 .lOwt%, 
PbO 2.30wt%, FeO 1.54wt% (R.F. Symes , pers. 
comm.). 

Gaudefroy et ai . (1966) have shown that in air 
crednerite, CuMn02' is metastable at ambient 
temperatures and that under these conditions it 
can only form in a reducing anaerobic 
environment. Their studies of crednerite from the 
Mendip Hills have shown that it is invariably 
heavily altered. Alteration proceeds via the 
progressive loss of copper from the crystal lattice, 
which ultimately results in the formation of a 
copper-rich (up to 24wt% CuO) 'psilomelane', of 
variable composition. In the early stages of 
alteration loss of copper is accompanied by 
oxidation of some of the divalent manganese to the 
tetravalent state. This copper-deficient crednerite 
is identical in hand specimen to the unaltered 
mineral, and many of the primary textures can still 
be seen in polished section. Microprobe analysis of 
lustrous, black crednerite from the Higher Pitts 
Mine gave CuO contents ranging from the 
theoretical maximum of ca. 53wt% CuO to 20wt% 
CuO. The above authors also state that the 
copper-deficient credneritegave no lines on a 
powder photograph, i.e., it is X-ray amorphous, 
whereas the 'psilomelane' gave distinct but 
variable patterns. 

In view of the close similarity between the 
physical and optical properties of the Wesley Mine 
material and published data for the copper
deficient varieties, it seems almost certain that this 
too is crednerite, in a very advanced state of 
alteration, consisting of an X-ray amorphous 

mixture of various Mn, Cu and/or Mn-Cu phases, 
plus or minus cerussite. The close agreement 
between the spot analyses of the Cu-Mn rich areas 
may indicate the existence of a relatively stable 
intermediate phase, but this could not be 
confirmed. The advanced state of alteration is 
readily accountable in terms of the effects of the 
strongly oxidizing solutions which converted some 
of the adjacent lead oxychlorides to plattnerite. 
The manganite crystals, present within some of the 
plattnerite bearing nodules, probably belong to 
the same generation of minerals as the crednerite 
(cf. Gaudefroy et al., 1966). 

FIGURE 3. Morphology of wulfenite crystals from 
the Wesley Mine . 

WULFENITE 

Wulfenite, PbMo04 , is the most commonly 
encountered secondary mineral after cerussite. 
Although rarely present as large crystals it is 
widely distributed throughout the manganese 
oxide and calcite nodules in the form of minute 
veinlets, discrete crystals (sometimes forming 
wulfenite-rich layers which follow the banding in 
the colloform ore) , drusy encrustations, and 
flattened crystal clusters. Most of the crystals are 
very small, and consist either of smooth-sided, 
uncorroded thin tabular (001), square rectangular 
or octagonal plates, up to 150 microns across (Fig. 
3, A, B) or modified tetragonal bipyramids, up to 
130 microns long (Fig. 3, C). Similar crystals occur 
at the nearby Coombe Farm Quarry manganese 
deposit (Alabaster, 1978). 

Wulfenite may accompany any of the other 
secondary lead minerals, but paralaurionite ( + or
laurionite), parkinsonite and especially cerussite 
are the minerals with which it is most commonly 
associated. Wulfenite crystals belonging to more 
than one generation of crystal growth have been 
recognised. Primary associations of wulfenite with 
paralaurionite and parkinsonite are characteristic 
of this deposit. In association with paralaurionite, 
first-generation wulfenite occurs as thin tabular 
uncorroded lensoid crystals which project from the 
cavity walls into the lead oxychloride. Similarly 
shaped crystals have been found projecting into 
massive opaque cerussite at both this locality and 
Coombe Farm Quarry. Crystalline cerussite 
variously encrusts and is encrusted by wulfenite. 
Some wulfenite crystals are clearly of fairly recent 
formation since they are developed on the 
cerussite alteration crust surrounding corroded 
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grains of lead oxychloride minerals. Wulfenite 
crystals which can be clearly identified as 
belonging to a second or subsequent generation of 
growth are always very small and of the type shown 
in Figure 3. The colours are mainly shades of 
yellow, but range through bright orange to 
reddish-orange (transparent to translucent 
crystals), and in one instance pale brown. The 
most strongly coloured crystals are invariably the 
smallest. The large lensoid crystals tend to be very 
pale and often show an uneven distribution of 
colour. Microprobe examination of a yellow, 
orange and reddish-orange crystal failed to reveal 
any chemical reason for the colour variation. 
Yellow to orange wulfenite occurs in association 
with manganese oxide at several localities in the 
Bristol district (Berzelius, 1824; Spencer and 
Mountain, 1923; Symes and Embrey, 1977; 
Alabaster, 1978; Eastwood , 1983); indeed , on a 
worldwide basis these are the colours most 
commonly developed in wulfenite. Studies on 
synthetically prepared crystals of lead molybdate 
have shown that the yellow colouration is 
associated with an absorption band centred at 
about 430nm. The principal cause of this 
absorption has variously been ascribed to point 
defects , non-stoichiometry , or transition metal 
impurities. Bernhardt (1978) prepared a series of 
manganese-doped crystals ranging from colourless 
to orange and suggested that the colour is due to 
complex F-centers arising from the interaction 
between vacancies in the crystal lattice (non
stoichiometry) and Mn3+ ions occupying Pb2+ 
sites. Metals such as Ni, Co, Fe, and Cu are 
thought to be capable of producing similar colour 
centres. More recently, Parant et at. (1981) 
demonstrated a close corrrelation between the 
depth of colour and the concentration of a 
chromium impurity. As little as 0.1 ppm Cr 
imparted a noticeable yellow. tinge to a lOmm
thick crystal; the colour rapidly intensified with 
increasing levels of dopant. The colour centre is 
thought to be due to an intervalence band arising 
from a Cr(V)-Mo(VI) transition resulting from 
Cr(VI) (substituting for Mo) trapping electrons 
associated with oxygen vacancies in the lattice. It is 
thus probable that impurities of the order of a few 
ppm each of metals such as manganese, iron and 
especially chromium are primarily responsible for 
the yellow-orange colouration of the locally
occurring wulfenite. The chromium contents of 16 
randomly selected samples of massive manganese 
oxide, 4 each from Higher Pitts Mine, Merehead 
Quarry, Coombe Farm Quarry and the Wesley 
Mine range from 3.2 - 7.4 ppm. Insufficient 
wulfenite was available for analysis. The 
corresponding Mo values are for Higher Pitts Mine 
290-470 ppm, Merehead Quarry 180-440 ppm, 
Coombe Farm Quarry 500-1570 ppm and Wesley 
Mine 840-1300 ppm. 

Wulfenite is not a common mineral. The 
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ubiquitous occurrence of, albeit , small amounts of 
wulfenite at the present locality is therefore 
unusual. Abdul-Samad et at. (1982), in their study 
of the anomalous mineral suite at the St. Anthony 
Mine, Tiger, Arizona, used thermodynamic data 
to show that in aqueous solutions containing only a 
very low concentration of molybdate ion, all the 
Pb(II)-containing carbonates and chlorides (which 
include most of the minerals recorded from the 
present locality) are unstable with respect to 
wulfenite over a wide pH range. This would result 
not only in the preferential crystallization of 
wulfenite from dilute solutions but also in the 
formation of this mineral at the expense of earlier
formed, less stable, Pb(II)-containing species. At 
the Wesley Mine this mechanism could account for 
first generation wulfenite being one of the earliest 
minerals in those cavities which contain lead 
oxychlorides, and the formation of subsequent 
generations of wulfenite from molybdenum 
derived from the manganese oxide and the 
breakdown of molybdenum-containing specIes 
such as parkinsonite. 

DESCLOIZITE 

Minute, squat prismatic euhedral to subhedral, 
orange-brown, blackish-brown, translucent
opaque, resinous single crystals and crystal 
clusters of descloizite, PbZnV04 (OH), occur as 
drusy encrustations on the walls of a small calcite
filled cavity in one specimen of earthy manganese 
oxide. The crystals show smooth euhedral faces 
towards the enclosing calcite indicating that 
descloizite is the earliest formed mineral in this 
cavity. Elongated parallel to (001), the crystals are 
rhombic in cross section and are usually 
terminated at one or both ends by a single flat or 
slightly curved face. In a few crystals the curved 
face is composed of several smaller poorly
developed facets. The crystals attain a maximum 
length of about 0.3 mm (Fig. 2, K). 

The descloizite, PbZnV04(OH), - mottramite, 
PbCuV04(OH), group comprises an isomorphous 
series in which copper and zinc substitute freely for 
each other. These minerals give almost identical 
X-ray powder patterns but can be readily 
differentiated by microchemical techniques. 
According to the criteria of Millman (1960) the 
Wesley Mine material is a cuprian descloizite 
containing 2-6wt% CuO. Microprobe analysis 
suggests that very limited substitution of 
manganese for copper and zinc has occurred. 

Abdul-Samad et at. (1982) proposed that in a 
complex ci:!,emical environment like that which 
existed during the early diagenetic stages of the 
Bristol district manganese oxide orebodies, the 
same thermochemical criteria which favoured the 
crystallization of wulfenite from solutions 
containing minor amounts of molybdate ion also 
applied in similar dilute solutions to a wide variety 
of minerals containing arsenate, phosphate or 



vanadate ions. The relative worldwide abundance 
of species such as vanadinite and the mottramite
descloizite and mimetite-pyromorphite groups 
suggests that, like wulfenite, these minerals are 
stable over a wide range of pH values, and it is 
therefore not sup rising that they also occur in 
association with the manganese oxide veins and 
orebodies of the Bristol district. Notwithstanding 
the remarkable similarity between the secondary 
mineral assemblages at the various manganese 
localities in this area, each deposit does represent a 
unique chemical environment and thus it is 
probable that some of the rarer V-, As- or 
P-containing species may be locally developed. Of 
these, the vanadium arsenic silicate ardennite , 
which has the formula 
Mn4(Al,MgMSi04)z(Si30 lO )[(As,V)04](OH)6' 
has been recorded from Merehead Quarry 
(Embrey, 1977) whilst pyrobelonite , 
PbMn(V04)OH, the structurally-related 
manganese analogue of descloizite-mottramite , 
occurs in association with vanadinite in a similar 
replacement deposit of iron and manganese oxides 
in the Dolomitic Conglomerate in Mid 
Glamorgan, South Wales (Criddle and Symes, 
1977). 

VANADINITE 

Submillimetre-sized, lemon-yellow , opaque 
crystals of vanadinite, Pbs(V04)3CI, were 
observed as localized encrustations on the walls of 
a cavity in a large calcite geode. The vanadinite 
crystals were associated with, and in some cases 
partially enclosed in, white crystalline barite 
against which the vanadinite showed uncorroded 
euhedral faces . Both the vanadinite and barite 
were encrusted by a few small, bright-orange 
crystals of what appeared to be wulfenite. The 
vanadinite crystals showed a simple morphology 
consisting either of a combination of the hexagonal 
prism, pyramid and pedion, or hexagonal 
bipyramid and pedion. Vanadinite is found 
elsewhere in this deposit, as an alteration product 
of orange-coloured parkinsonite . In the Bristol 
district, vanadinite has previously been recorded 
from Longwood Quarry , near Long Ashton , A von 
where it occurs as lustrous, orange-brown, 
transparent crystals, to 1 mm associated with 
cerussite in a deposit of manganese oxides in the 
Carboniferous Limestone (Bristol City Museum 
collection) . During the 18th Century an 
unspecified quantity of manganese ore was 
obtained from nearby workings in the vicinity of 
the Providence Iron Mine (Gough, 1930, p.236). 
Dump material from the latter locally yields 
abundant manganese oxide in which cerussite, 
rhodochrosite, pyrolusite and hausmannite have 
been identified. 

BARITE 

The only sulfate mineral observed in this 
assemblage, barite, BaS04 , is widely distributed, 
albeit in small amounts, and commonly forms a 
minor component of the polymineralic cavity 
fillings . It occurs as rare aggregates of paper-thin, 
white to pink, cockscomb crystals, lavender-pink 
submillimetre sized spherules and, most 
commonly, as colourless uncorroded tabular to 
prismatic crystals (to 6mm) which encrust the walls 
of the cavities in which they occur. The colourless 
barite invariably shows euhedral faces against the 
other cavity filling minerals (with the exception of 
crednerite, which it may partially enclose) and 
thus appears to be one of the earliest minerals in 
these cavities . Intergrowths between barite and 
the unidentified acicular lead oxychloride also 
occur in which both minerals variously show 
euhedral faces, one against the other , in different 
parts of the same specimen. Pink spherulitic barite 
has been found as intergranular fillings in the 
coarsely crystalline pyrolusite ore , embedded in 
the calcite , and as a late-stage encrustation with 
granular chrysotile in the same lead oxychloride 
bearing geode. 

In view of the occurrence of barite and the 
abundance of secondary lead minerals , it is 
perhaps surprising that anglesite, PbS04, and 
leadhillite, Pb4S04(C03)z(OH)2' are not also 
present. To date no lead-containing sulfate 
minerals have been recorded from any of the 
manganese oxide deposits of the Bristol district, 
although barite has been found as a minor 
component of the secondary mineral suite at 
several of these localities. The explanation 
probably lies in the extremely low solubility of 
barite. Abdul-Samad et ai. (1982) showed that the 
chloride-bearing minerals , including diaboleite, 
are only stable in the presence of very low 
concentrations of sulfate ion. Judging by the 
limited amount of barite actually present at both 
Merehead and the Wesley Mine, the mineralizing 
solutions cannot have been rich in sulfate . The 
solubility of barite in water is approximate ly 10 
times less than that of PbS04 and 100 times less 
than that of SrS04. Addition of barium to dilute 
plumbiferous solutions containing small amounts 
of sulfate would result in the preferential and 
almost exclusive precipitation of BaS04, thereby 
lowering the sulfate concentration to a level below 
which anglesite could not crystallize except at very 
low pH (Abdul-Sam ad et al., 1982). There is no 
evidence to suggest that s~rongly-acid conditions 
ever existed in these deposits. Purging of the 
mineralizing solutions of sulfate by the deposition 
of barite could thus prevent the formation of lead
bearing sulfate minerals and establish conditions 
under which crystallization of the lead 
oxychlorides could occur. The intergrowths 
between barite and the unidentified lead 
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oxychloride noted at the present locality may 
reflect the last stages of the main phase of barite 
deposition from the sulfate-deficient solutions . 

Nickless et ai. (1975) proposed an origin for the 
Triassic celestine deposi ts of the Bristol district in 
which strontium bearing fluids, derived from the 
Carboniferous Limestone as a result of the 
alteration of strontium- and barium-bearing 
aragonite shell debris to low-strontium and barium 
calcite , effected the replacement of beds of 
nodular anhydrite in the overlying Dolomitic 
Conglomerate and Keuper Marls. Small quantities 
of barium would have been liberated at the same 
time and it is found that the barium content of the 
celestine is highest in those areas where the 
celestine beds approach the Carboniferous 
Limestone . Adsorption of strontium and 
especially barium (Murray , 1975) from these 
groundwaters by manganese oxide gels would 
result in their enrichment in these metals , which 
would subsequently be released back into the 
porewaters as the gels underwent compaction and 
crystallization (ef. Margaritz and Brenner, 1979) . 
The continued release of barium as the gels slowly 
crystallized and the secondary mineral suite 
developed would ensure that any extraneous 
sulfate (derived from the local groundwater 
regime) would be rapidly precipitated , thereby 
preventing the concentration of sulfate ever 
reaching a level at which lead-bearing sulfate 
minerals could be formed. This process may also 
account for the absence of witherite , BaC03 , and 
celestine from these deposits , although both 
barium and strontium occur as minor impurities in 
some of the cerussite. It may be significant that 
Abdul-Samad et al. (1982) do not list barite 
amongst the minerals comprising the 'anomalous 
mineral suite' of the Tiger Mine, Arizona, from 
which assemblage anglesite, leadhillite, and a 
number of Cu- and Pb-containing sulfates have 
been recorded. 
SERPENTINE-GROUP MINERALS 

Many of the calcite nodules and geodes contain 
small quantities of serpentine-group minerals . 
XRD and microprobe analysis of selected 
specimens suggest that the principal mineral phase 
is chrysotile , Mg3SizOs(OH)4' The chrysotile is 
almost entirely of the massive variety , and chiefly 
occurs as compact, milky white to pale brown , 
soft translucent masses showing conchoidal , 
fracture and a waxy lustre . Less common varieties 
include aggregates of submillimetre sized , 
amorphous , pale brown yellowish-brown , 
translucent , easily-deformed grains, and very soft 
gela tinous-Iooking translucen t , greyish -w hi te , 
opalescent material which appears to be an 
intermediate form between the compact and 
granular varieties. In one specimen, compact 
white chrysotile was seen to grade into an 
inseperable mixture of coarsely fibrous and soft 
white material. 
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The serpentine group minerals appear to be 
restricted to the calcite nodules and geodes in 
which they form vein lets following cracks , thin 
films developed along calcite crystal boundaries 
(occasionally forming a discontinuous band 
parallel to the nodule surface), and cavity fillings. 
In the latter case they may be accompanied by lead 
oxychlorides (paralaurionite , mereheadite , 
parkinsonite, acicular lead oxychloride) , 
wulfenite, barite , or cerussite . Barite occurs as 
early-formed , colourless , euhedral crystals and in 
one specimen as fillings in what appear to be 
shrinkage cracks in massive white chrysotile. Age 
relationships between the serpentine group 
minerals and the lead oxychlorides are seldom 
clearly defined and in anyone geode the latter may 
pre- or post-date the serpentine group minerals. 
Intergrowths , or inclusions of one phase in the 
other have not been found. Cavities in which 
serpe~tine group minerals form the principal 
filling usually have dimensions of only a few 
millimetres; large masses are rare. Massive white 
chrysotile , possibly accompanied by Iizardite , 
occurs on its own and in association with the lead
iron silicate melanotekite at Coombe Farm Quarry 
where these minerals form small pockets in the 
manganese ore. 

Chrysotile and Iizardite are often found 
together. In colloidal suspension, chrysotile 
behaves like layers of Mg(OH)z bound to silica 
substrata (Pundsack, 1956) which is in accord with 
both experimental evidence (Martin and Fyfe, 
1970) and field evidence (Luce , 1971) and which 
suggests that brucite , Mg(OH)z, may be the actual 
surface upon which serpentine group minerals 
nucleate. A single specimen of crystalline brucite 
has been recorded from Merehead Quarry where 
it occurs in association with mereheadite (wrongly 
identified as blixite ; Alabaster, 1977) in a calcite 
geode from the No.1 vein . To date, no serpentine 
group minerals have been found at Merehead . The 
occurrence of brucite, hausmannite and 
plattnerite at Merehead Quarry , hausmannite and 
plattnerite at the Wesley Mine and hausmannite at 
Coombe Farm Quarry show that at least one 
period of strongly alkaline conditions I:'revaile.d 
within these deposits during their early dIagenetIc 
history . From the phase diagrams of Wildman et 
ai. (1971) for the system brucite-serpentine (with 
specific reference to chrysotile) in water of 25°C 
and 1 atmosphere pressure it can be seen that for 
the range of conditions under which brucite is 
stable (pH> 8.5, low concentration of silicic acid) 
serpentine group minerals will precipitate only 
when the concentration of silica in solution 
exceeds a certain threshold value , which defines 
the boundary between the fields of stability of 
these two minerals. At increasingly higher 
concentrations of silicic acid , serpentine group 
minerals will precipitate from solutions containing 
progressively lower concentrations of Mg2+ , 



eventually reaching levels below which brucite 
cannot crystallize even in the absence of dissolved 
silica. These diagrams do not take into account the 
effects of CO2 which at high concentrations might 
be expected to result in the formation of 
carbonate-containing species. Their absence from 
these deposits (with the exception of 
hydromagnesite which is a late-stage alteration 
product of brucite at Merehead) may indicate a 
generally low carbonate ion activity at this stage of 
deposition. 

At the Wesley Mine, a few of the clay mineral
bearing cavities contain loose foliated masses of 
pale brown to greenish-white , translucent , soft, 
platy grains showing a waxy-pearly lustre on their 
surfaces. Thin films of secondary cerussite 
commonly separate the individual scales. XRD 
analysis indicates the presence of an unidentified 
swelling clay in addition to serpentine group 
minerals (probably chrysotile) . Wildman et ai. 
(1971) have shown that the serpentine group 
minerals are unstable over the range of pH and 
concentration of silicic acid and Mg2+ 
encountered in most soils, decomposing to form 
swelling clays . In view of the mode of occurrence 
of the 'calcite nodules' at the Wesley Mine , as 
loose debris in a soil matrix , alteration of the 
serpentine group minerals in this way is to be 
expected. 

OTHER MINERALS 

The mode of occurrence of both plattnerite , Pb02 , 

and melanotekite, Pb2Fe2 Si20 9 , have been 
described elsewhere (Alabaster , 1985a and 
1985b). X-ray powder patterns obtained from 
several unidentified mineral phases were found to 
match exactly those of the red, lead-molybdenum 
oxychloride and the orange blixite-like lead 
oxychloride first recorded by Symes and Embrey 
(1977) from Merehead Quarry . These are 
parkinsonite and mereheadite, both of which 
await ratification by the I.M.A . (vide supra). An 
acicular Pb-Cl mineral of unknown composition 
was also seen in several specimens. 

P ARKINSONITE 

Parkinsonite mostly occurs in the form of discrete , 
cleavable, irregular, crystalline grains, in section 
up to 3mm in length, variously embedded in calcite 
or mendipite. It has also been found in close 
association with laurionite , paralaurionite , the 
unidentified acicular lead oxychloride and 
wulfenite . Parkinsonite varies in colour from 
bright orange through reddish-orange to blood 
red , is transparent to translucent, and yields an 
orange-yellow powder. Euhedral crystals are rare 
and take the form of submillimetre-sized, thin, 
tabular , hexagonal looking crystals with bevelled 
edges (orange parkinsonite only) which appear to 
have very similar morphology to the tabular 
hexagonal hydrocerussite crystals . Qualitative 

microprobe analysis reveals the presence of a small 
amount of vanadium in the orange parkinsonite. 
In most cases the parkinsonite grains and crystals 
are surrounded by a bright lemon-yellow, powdery 
to compact alteration rim which appears to consist 
of a uniform mixture of cerussite (the dominant 
phase) and either wulfenite (around red 
parkinsonite) or vanadinite (around orange 
parkinsonite). The association of red parkinsonite 
and wulfenite is particularly common . In one 
specimen, red parkinsonite occurs as encrustations 
on lensoid first generation wulfenite crystals , the 
parkinsonite in turn altering to the yellow 
wulfenite-cerussite mixture. 

MEREHEADITE 

Small quantities of coarse to microcrystalline , 
yellowish white to greenish white, translucent, 
irregular grains of mereheadite have been 
recorded from 3 separate calcite geodes in which 
the mineral variously occurs on its own , in 
association with mendipite and chloroxiphite , with 
paralaurionite and first generation wulfenite 
crystals , and as part of an intergrown mass with 
paralaurionite and the unidentified acicular lead 
oxychloride. The latter specimen, a geode filling , 
measures about 3 x 1 cm in section and shows 
partial replacement of the lead oxychlorides by 
massive plattnerite. In each specimen the 
mereheadite grains are less than 3mm square . 
Powder photographs of the Wesley Mine material 
are identical to those obtained from 
microcrystalline yellow-orange mereheadite from 
the No.2 vein , at Merehead Quarry. Alteration is 
to white, and in one specimen green, cerussite. 
The coarsely crystalline mereheadite shows a 
pronounced platy cleavage and yields thin 
transparent brittle cleavage flakes. 

Mereheadite from the Wesley Mine is 
photosensitive. Freshly-broken surfaces were 
found to have developed a thin orange-brown 
coating (absent from the associated paralaurionite 
and/or acicular lead mineral) after continuous 
exposure to diffuse daylight for about three 
months. The presence of Pb02 in the surface 
coating was confirmed by the benzidene method 
(cf. mendipite). Unexposed mereheadite gave no 
reaction with the benzidene reagent. 
Measurement of the electronic absorption 
spectrum of powdered mereheadite from the No.2 
vein at Merehead Quarry (insufficient Wesley 
Mine material being available for this purpose) 
shows strong absorption at wavelengths < 360nm. 
Mereheadite appears to be much more 
photosensitive than mendipite. Continuous 
irradiation (1 week) of the damp powder with uv 
light (Osram type MBW/U 125 watt high pressure 
mercury vapour lamp with woods glass envelope) 
on the short wavelength side of its absorption edge 
produces a strong surface discolouration . After 4 
weeks continuous exposurc the XRD trace 
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showed several peaks (absent from the unexposed 
control) which can possibly be ascribed to 
laurionite. Similar peaks develop when the 
powder is treated with chlorine water, but the 
identification of this new phase as laurionite is by 
no means certain . Unlike mendipite, irradiation (1 
week) of oven-dried (120°C for 72 h) powder in a 
dry environment also resulted in the development 
of a Pb02-containing surface layer, and one or 
more unidentified new phases. 

UNIDENTIFIED LEAD MINERAL 

The mineral typically occurs as compact , parallel 
or slightly divergent splays of brittle, transparent, 
lustrous, acicular-prismatic crystals , up to 1 cm in 
length, which terminate abruptly against the walls 
of the enclosing cavity. The growth habit closely 
resembles that of mendipite. Colour varies from 
white to pale brown or pale yellowish-green, often 
in the same specimen. Alteration is to cerussite. A 
bright orange to yellowish-orange variety also 
occurs which in all other respects is identical to the 
white-green material. Both varieties are often 
found intergrown with barite . The mineral yields a 
white powder. Qualitative microprobe analysis 
shows the major constituents to be lead, chlorine 
and oxygen; an I.R. scan suggests the presence of 
hydroxyl groups and possibly carbonate and water 
of crystallization. The X-ray powder pattern of the 
Wesley material is close to that of the 
orthorhombic Pb oxychloride blixite, 
Pb2Cl(0,OH)2' but detailed investigation of its 
crystal structure shows it to be monoclinic (D. 
Dingley, pers. comm.). This compound appears to 
be a new mineral and work is in progress to 
characterise its properties . 

DISCUSSION 

Perhaps the most striking feature of the Wesley 
Mine deposit lies in its close similarity in terms of 
the style of mineralization and secondary mineral 
suite to the Mendip deposits some 30 km to the 
south. A common mode of formation and 
diagenetic history thus seems likely. At the Higher 
Pitts Mine most of the mineralization occurs in the 
Dolomitic Conglomerate (Keuper Breccias) at or 
close to the Lower CarboniferouslTrias 
unconformity, with smaller amounts developed in 
the underlying Carboniferous Limestone. Field 
evidence suggests that Dolomitic Conglomerate 
did originally overlie the Carboniferous 
Limestone at Coombe Farm Quarry and the 
Wesley Mine, and thus a similar situation could 
well have existed at Merehead . Low-temperature 
supergene carbonate-hosted ferromanganese 
deposits have been described from other parts of 
the world (Roy, 1981) but those from the Bristol 
district appear to be unique in their association 
with lead oxychloride minerals. The wide 
distribution of these deposits throughout this area 
suggests that the processes involved in their 
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formation were not localized but operated on a 
regional basis. 

Apart from the Pleistocene ochre cave fillings 
(Barrington and Stanton, 1972), the iron and iron
manganese deposits of the Bristol district are 
generally accepted to be of Middle to Upper 
Triassic age. It is currently believed that the iron 
and manganese were derived by weathering of 
Upper Carboniferous age sedimentary rocks 
which, during Triassic times , formed extensive 
outcrops throughout the area (Symes and Embrey , 
1977; Alabaster, 1982). The metals were deposited 
from groundwaters , by a combination of 
metasomatic replacement and cavity filling, as 
hydrated oxide gels in suitable host structures 
variously associated with faults, joints, bedding 
planes, fracture zones and the Lower 
Carboniferous/Trias unconformity. On this basis, 
the iron and manganese mineralization is 
considered to be supergene in origin (Alabaster, 
1982). 

Symes and Embrey (1977) proposed a model in 
which ferruginous brine suspensions of manganese 
oxide or hydroxide, perhaps resulting from the 
mixing of rising hydrothermal brines and 
descending meteoric iron- and manganese-bearing 
groundwaters (see Kellaway, 1967), were 
introduced into cavities in the Carboniferous 
Limestone or Dolomitic Conglomerate, which had 
previously been mineralized by hypogene lead and 
copper sulfides with associated minor silicification 
of the cavity walls (cf. King, 1966). Prolonged 
reactions between manganiferous chloride brines , 
sulfides, and the silicified wall rocks gave rise to 
the oxychlorides and minor lead-bearing silicate 
minerals. The manganese oxide provided the host 
cavItIes in which the secondary minerals 
developed, as well as protection from subsequent 
chemical attack, thereby preserving these minerals 
to the present day. 

Recent work on the Upper Triassic iron and 
manganese mineralization in South Wales 
(Rankin and Criddle, 1985) lends some support to 
this model. Based on a fluid inclusion study on 
quartz and calcite from the Llanharry Iron Mine, a 
two-fluid mineralizing process has been proposed. 
It is suggested that repeated pulses of warm, low
salinity iron- and manganese-bearing formation 
water, tectonically expelled from the South Wales 
coal basin migrated along a Triassic plumbing 
system to precipitate oxide minerals on 
encountering supergene acidic iron-bearing 
hypersaline water derived by acid leaching of an 
iron-rich Triassic cover. The same coal basin
derived formation waters are tentatively suggested 
to be responsible for the minor Pb-Zn-Cu sulfide 
mineralization in the adjacent Carboniferous 
Limestone. The iron ores are commonly 
associated with quartz , barite or calcite. A similar 
association is found throughout the Bristol district. 



Alabaster (1982) suggested an alternative model 
to those proposed by Symes and Embrey (1977) 
and Rankin and Criddle (1985) whereby 
differentiation of groundwater-borne iron and 
manganese into iron-rich and manganese-rich 
zones was initially controlled by variations in pH , 
with a further diagenetic segregation of the 
manganese-rich 'pods' into iron-rich margins and 
manganese-rich cores in response to Eh/pH 
gradients intitiated between adjacent iron-rich and 
manganese-rich areas . Prolonged cation 
scavenging from the groundwaters by the 
manganese oxide gels resulted in the accumulation 
of high concentrations of lead , copper and other 
metallic impurities. By a similar process, anionic 
species tended to accumulate in the positively 
charged ferric hydroxide gels . Ageing of the gels , 
probably under much more reducing conditions 
than when deposited, resulted in the slow release 
of these loosely-bound metals back into the 
porewaters in the iron and manganese orebodies, 
where reactions between these metalliferous fluids 
and chloride brines, variously derived from 
Rhaetic or early Jurassic seawater and/or a 
hydrothermal source , gave rise to the oxychloride 
suite. Keuper age megaplaya-sabkha (Tucker , 
1978) derived brines should also be considered as 
potential sources of chloride . 

The wide variety of metallic impurities and 
especially the high concentration of lead and 
copper in the manganese ores would seem to 
indicate an additional source of metals to that 
provided by the proposed supergene 
groundwaters. Hydrothermal fluids would serve 
this purpose (cf. Nicholson, 1986). The common 
occurrence of sulfide-bearing calcite veins which 
cut the ferro-manganese mineralization is 
evidence that the host structures were continuous 
with the "plumbing system" that was so effectively 
exploited by the early to mid Jurassic hypogene 
mineralizing solutions (Green , 1958) . It follows 
that these conduits could have enabled early 
(Keuper/Rhaetic) migrating metal-rich fluids , 
connected with this activity , to come into contact 
with the manganese and iron oxides . Cation 
scavenging from these fluids or from Keuper-age 
coal basin - derived hydrothermal solutions of the 
type which are thought to be responsible for the 
iron and manganese mineralization in South Wales 
(Rankin and Criddle, 1985) could thus account for 
the major part of the adsorbed metal content of the 
manganese oxides. 

Development of the oxychloride suite appears 
to have been an early diagenetic event. The work 
of Rankin and Criddle (1985) is fully in accord with 
a predominantly hydrothermal source for the lead 
and copper, subsequently incorporated into these 
minerals. However in the present study the paucity 
of fluid inclusion data precludes an accurate 
estimate of the influence exerted by the proposed 
hydrothermal brines over the formation of these 

minerals. The abundance of what appear to be 
primary monophase liquid inclusions in mendipite 
from the Wesley Mine , Higher Pitts Mine and 
Merehead Quarry could be taken to indicate a 
maximum crystallization temperature of about 
70°C (Alderton and Rankin , 1983) , but the 
possibility exists that they may actually be 
metastable 2-phase inclusions formed at any 
temperature up to 100°C (Rankin and Criddle, 
1985) . However, a fairly low temperature of 
formation is suggested by the presence of 
paralaurionite and especially laurionite, both of 
which are appreciably soluble in hot water. 

During the Permian and Triassic periods major 
rifting was occurring throughout much of Britain 
and the N.W. European continental shelf, as a 
prelude to the opening of the N. Atlantic Ocean. 
The Central Somerset Basin , with a possible 
westward continuation into the Bristol Channel , 
forms a part of this system. 

The western part of the graben remained active 
at least until mid Jurassic times , whereas in the east 
movements were probably continuing well into 
Cretaceous times (Whittaker, 1975). Stanton 
(1981) proposed that the Jurassic Pb-Zn 
mineralization of the Bristol district is the product 
of deep seated ore-fluids , generated during the 
later stages in the development of the Central 
Somerset Basin. On a global tectonic scale , the 
Central Somerset Basin can be classified as a part 
of a failed intra-continental rift ; such structures are 
often associated with carbonate-hosted strata
bound Pb-Zn mineralization (Mitchell and 
Garson, 1981). According to Stanton (1981) are 
emplacement in the Bristol district mainly 
occurred from mid Jurassic times onwards, when a 
thick layer of Keuper-mid Jurassic clays covered 
the area and provided an impermeable seal 
beneath which the precipitation of sulfides 
occurred in open fissures in the Carboniferous 
Limestone and Dolomitic Conglomerate. Prior to 
this time, most of the ore fluids could have 
discharged at the surface as mineral springs. 
Exhalative mineralization (Pb and Zn sulfides) of 
Rhaetic-Liassic age has been recorded in the 
Bristol area (Kellaway , 1967) . Vulcanism and/or 
hot springs are commonly associated with actively 
developing rift valleys. In Devon , extrusion of the 
Permian Exeter volcanic series has been 
correlated with the early stages in the formation of 
the Crediton , Tiverton and Hollacombe troughs. 
Similar lavas may be prescnt at depth in the 
Central Somerset Basin. Although there is no 
conclusive evidence for the existence of Triassic 
hot springs in the Bristol district the tectonic 
setting makes their presence a possibility. Water 
issuing from such springs invariably contains a 
wide variety of dissolved metals . 

Hewett and Fleischer (1960) and Hewett et al. 
(1963) recorded the occurrence of numerous small 
ferromanganese oxide deposits in the western 
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U.S.A. which have been or are being deposited 
from hot or cold mineral springs. At depth , 
manganese is precipitated in the reduced form , as 
the carbonate , silicate or sulfide , but nearer the 
surface mIxIng with oxygenated meteoric 
groundwater results in deposition of manganese 
oxides . Some of these can be carried in suspension 
to accumulate in suitable host structures elsewhere 
or form apron deposits around the mouth of the 
spring. Springs from which manganese oxides are 
being deposited are on the alkaline side of pH6. 
Cation scavenging from the spring-water has 
frequently resulted in the accumulation of percent 
levels of lead and barium and enrichment in a wide 
range of rare metals, notably Cu , As, Sb, W, TI, 
Mo and Sn. A preliminary survey suggests that the 
manganese ores of the Bristol district are enriched 
in copper, arsenic and molybdenum . Thorne 
(1975) reported a maximum of 220 ppm tin and 
2150 ppm arsenic in 'wad' from Merehead Quarry. 
Hewett and Fleischer (1960) noted that barite , 
fluorite , silica, and black , manganese dioxide
impregnated calcite are sometimes present in 
spring deposited manganese oxide , yet although 
the water often contains chloride (up to 1.4% ) no 
lead oxychlorides have been recorded. In the 
Bristol district , the apparent low solution 
temperatures mean that in a hot-spring 
environment secondary mineral formation would 
have had to occur either at some distance from the 
feeder channel or, more likely , after cessation of 
spring activity. In the latter case , and bearing in 
mind the absence of lead oxychlorides from the 
aforementioned mineral spring deposits, the 
possible role of Keuper age hypersaline and 
possibly alkaline, chloride brines (Dumbleton and 
West , 1966) in the development of these minerals 
must be seriously considered. Apart from the 
widespread occurrence of hausmannite , a mineral 
which is thought to be generally indicative of 
hypogene deposits (Hewett , 1972) , evidence for a 
hydrothermal/hot spring mode of formation is 
purely circumstantial. Features such as the 
common association of the ferromanganese 
mineralization with faults , joints and fracture 
zones (sometimes solution enlarged) in the 
Carboniferous Limestone , the vein-like 
appearance of many of the deposits , the 
association of manganese oxide pockets with flow
stone calcite (Merehead) , the concentration of the 
mineralization close to the Dolomitic 
Conglomerate/Carboniferous Limestone 
unconformity , the enrichment of the manganese 
oxides in metals such as lead , copper, 
molybdenum and arsenic , and the presence of 
fluorine (apophyllite)- and boron (mereheadite, 
datolite)- bearing setondary minerals could all be 
interpreted in this way but do not constitute proof. 
Hewett et al. (1963) noted that arsenic is 
uncommon in supergene manganese ores . 
However , the lack of silica in the manganese ore , 
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coupled with the absence of appreciable wall rock 
alteration (but see Rankin and Criddle , 1985) , and 
large quantities of manganese carbonate may be 
considered to be contraindicative of a hot-spring 
origin . If, however , the mineralization as currently 
exposed represents only that developed in the 
upper part of the Triassic groundwater zone, these 
objections could be overcome. 

The close similarity between the iron 
mineralization in South Wales and the Bristol 
district suggests that a similar mechanism to that 
proposed by Rankin and Criddle (1985), involving 
the local coal basins , could be largely responsible 
for the iron (and manganese) oxide deposits in the 
Bristol district as well. However, in spite of the 
similarities between the two areas, the paucity of 
ferromanganese deposits in South Wales (Criddle 
and Symes, 1977) contrasts sharply with their 
relative abundance in the Bristol district. 
Furthermore, no ferromanganese deposits have 
been reported from the rich and extensive Upper 
Triassic age Carboniferous Limestone-hosted 
Forest of Dean iron ore field. These observations 
alone would suggest that the ferromanganese 
deposits owe their formation to somewhat 
different processes than those which obtained for 
the iron-only mineralization. In the South Wales 
Coalfield the volume of sediments from which 
formation waters could leach iron and manganese 
is many orders greater than that for the Bristol and 
Somerset Coalfields . If, indeed , the iron and iron
manganese mineralization in the Bristol district is 
hypogene in origin , then it is quite possible that the 
mineralizing fluids could have locally reached the 
surface to discharge as mineral springs. The 
ferromanganese deposits could thus mark the 
former sites of such springs in which the water is 
sufficiently alkaline to precipitate manganese 
minerals as well as those of iron. It is also apparent 
that many of the iron and all of the 
ferromanganese deposits are located on structural 
'highs' at the margins of the various minor coal 
basins . Tectonically expelled formation waters or 
surface derived leach solutions would naturally 
migrate towards areas of lower hydrostatic 
pressure , which would occur at the basin margins . 
Precipitation of colloidal iron and especially 
manganese oxides could have occurred in the 
groundwater zone close to the prevailing land 
surface. Some of the freshly-precipitated 
manganese oxide could have been carried in 
suspension to enter the Triassic drainage system 
and thereby accumulate as pocket deposits at some 
distance from the rising. It may be more than 
coincidence that the majority of the Fe-Mn 
deposits are located on the southern side of the 
Mendip Hills, not too far distant from the 
proposed boundary faults of the Central Somerset 
Graben . If hot springs were to develop , this is 
where one might reasonably expect the largest 
number to occur. 



Further away from the rift boundary mineral 
springs could arise due to the development of deep 
convective systems whereby Keuper brines sank 
down major faults in the Palaeozoic basement 
became heated (due to geothermal gradient) and 
leached metals from the country rocks (mainly 
Upper Carboniferous sandstones and shales and 
locally , Lower Palaeozoic volcanics , and Triassic 
sediments) . The Coombe Farm and Wesley 
College deposits could be the product of one such 
'cell' . 

It is possible that the absence of the more 
soluble secondary lead minerals, such as 
laurionite, from the Merehead deposits may 
reflect higher solution temperatures than those 
which obtained in deposits (e .g. the Wesley Mine) 
formed at greater distances from the rift boundary. 
In South Wales , the episodic nature of the iron
manganese mineralization at the Ty Coch Mine , 
from which both hausmannite and braunite have 
been recorded (Criddle and Symes , 1977) could 
also be interpreted in terms of a tectonically 
controlled , possibly alkaline spring. The location 
of this deposit , close to the northern boundary of 
the proposed continuation of the Central Somerset 
Basin (Whittaker, 1975) may also be significant. 

Much work remains to be done before a 
definitive model for the iron and manganese 
mineralization in the Bristol district can be 
presented , but a mechanism involving mineral 
springs, associated with the Triassic rifting , may be 
worth further consideration . Such a model may 
also enable a genetic link to be established 
between the Keuper Fe-Mn , and Middle Jurassic 
Pb-Zn mineralization (Stanton, 1981) . The same 
ore fluids could have precipitated both the lead
enriched ferromanganese deposits from alkaline 
springs (due to mixing with oxidizing meteoric 
groundwater) , and subsequently , under anaerobic 
reducing conditions , Pb and Zn sulfides in the 
same rocks but beneath a thick cover of marine 
clays . The common occurrence of sulfide veins 
which cut across the Fe-Mn mineralization and the 
perhaps not so coincidental association of major 
Pb-Zn and Fe-Mn mineralization in areas such as 
Charterhouse and East Harptree can also be 
explained in terms of a common source of ore 
fluids and mobilized by a single tectonic event. 
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NOTES 
BIRNESSITE FROM PENBERTHY CROFT MINE, 

CORNWALL - A SECOND ENGLISH OCCURRENCE 

J. BETIERTON 

21 Linkway, Edgcumbe Park, Crowthorne, Berkshire RGll 6ES 

Since its first description as a new species by Jones 
and Milne (1956) birnessite , Na4MnI4027.9H20, 
has been found at a number of sites throughout the 
world . It was first recorded from England by 
Young (1988) at the Treburland Mine , Altarnun , 
Cornwall [SX 237 795]. This note describes the 
second site for the mineral in England. 

Birnessite has been identified by X-ray 
diffraction methods at . the British Museum 
(Natural History), (X-ray number 6713F) on 
specimens submitted in 1987 from the Penberthy 
Croft Mine, St Hilary, Cornwall [SW 558 324] .The 
mineral occurs here in weathered blocks of 
partially-cemented slate-rich veinstone below the 
surface of an old dump. It forms black glossy 
coatings up to 2 mm thick on massive quartz , 
botryoidal woodwardite (6712F), earthy goethite , 
and dolomite with brochantite crystals (6711F) , 
connellite (7407F), wroewolfeite (6710F) , and 
chalcopyrite . The material is cemented together 
with goethite and woodwardite in various 
proportions . 

The assemblage is similar to that described from 
this locality by Barstow (1983). Birnessite from 
Penberthy Croft closely resembles the materia~ 
from Treburland Mine . The form and association 
of the birnessite is consistent with its formation by 
the weathering of dump material. Specimens have 
been donated to the British Museum (Natural 
History). 
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NATIVE SILVER FROM RED GILL MINE 
CALDBECK FELLS, CUMBRIA ' 

M. WIRTH 

5 Ferney Green Drive, Bowness-on-Windermere, Cumbria LA23 3HS 

Although long known from numerous localities in 
Britain, notably in Devon and Cornwall (e,g. 
Collins, 1871) and Scotland (e.g. Heddle, 1901), 
native silver has not so far been recorded from the 
Lake District. 

The mineral has recently been identified in very 
small amounts from the spoil heap of the No.2, or 
Old Dutch Level, of Red Gill Mine, Caldbeck 
Fells [NY 295 348], It occurs here as minute 
arborescent crystalline aggregates 0.25 mm across. 
Associated minerals include anglesite , caledonite, 
cerussite, chalcopyrite, chrysocolla, galena , 
leadhillite, linarite, mattheddleite, sphalerite, and 
susannite, identified by the author (see also 
Cooper et ai" 1988). Examination by X-ray 
diffraction methods at the British Museum 
(Natural History) revealed a mineral with a lattice 
structure corresponding to silver or gold , though it 
was not possible to establish the identity with 
precision, Energy dispersive X-ray analysis of a 
small grain of this material by M. Rothwell 
(personal communication) confirmed the mineral 
as silver. 

In common with most British galena, that from 
the Lake District is commonly reported as 
argentiferous, although published analyses 
showing actual silver contents are few. Eastwood 
(1921) noted that in barite-galena veins such as 
those of the Driggith and Sand beds Mines on 
Caldbeck Fells, the silver content was seldom less 
than 30 ozs of silver per ton of lead. However, 
Stanley and Vaughan (1981) state that the silver at 
Driggith is in tetrahedrite and that there is no firm 
evidence for argentiferous galena in the Lake 
District. The form and paragenesis of the Red Gill 
silver is entirely consistent with a supergene origin 
resulting from alteration of argentiferous 
sulfosalts, 
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ROSASITE FROM WEST PASTURE MINE, 
WEARDALE, CO. DURHAM 

B. YOUNG 

British Geological Survey, Windsor Court, Windsor Terrace, Newcastle upon Tyne NE2 4HB 

and J.G. FRANCIS 

Department of Mineralogy, British Museum (Natural History) , Cromwell Road, London , SW7 5BD 

The comparatively rare supergene mineral 
rosasite, (Cu,Zn)2C03(OH)2, has to date been 
reported from only three localities in the Northern 
Pennines. It was obtained by A.W.G. Kingsbury 
at Coal grove Head and Turf Pits Mine [SE 029 667 
and SE 031 675, respectively] on Grassington 
Moor, North Yorkshire (Dunham and Wilson, 
1985, p. 108), and Young et al. (1985, p. 31) have 
described the mineral from Close house Mine, 
Lunedale, Co. Durham [NY 850228]. 

Rosasite has recently been identified by X-ray 
powder methods (British Museum (Natural 
History) X-ray number 6596F) from West Pasture 
Mine, Stanhope, Weardale, Co. Durham [NY 988 
409]. Here it occurs on fallen blocks of quartz in 
the abandonded lead workings in flats in the Great 
Limestone (Namurian) associated with West 
Pasture Vein, a small vein which branches from 
the major Red Vein (Dunham, 1948, p. 249). 

The rosasite occurs as vivid turquoise-blue 
spherules and wart-like masses up to 0.2 mm 
across which form patches up to 5 mm across on 
colourless quartz. The mineral appears to be of 
post-mine origin and may still be forming locally in 
the workings. Primary zinc and copper minerals in 

the West Pasture deposit are dark brown 
sphalerite and traces of chalcopyrite. Other 
supergene minerals of probable post-mine origin 
in the workings include malachite, goethite and 
gypsum. 

ACKNOWLEDGEMENTS 

Weardale Minerals Ltd are thanked for allowing 
access to the workings. This note is published by 
permission of the Director, British Geological 
Survey (NERC) . 

REFERENCES 

Dunham, K.C., 1948. The Geology of the 
Northern Pennine Orefield, Volume 1, Tyne 
to Stainmore. Memoirs of the Geological 
Survey of Great Britain (First Edition). 

Dunham, K.C. and Wilson, A.A., 1985 . The 
Geology of the Northern Pennine Orefield, 
Vol. II, Stainmore to Craven. Economic 
Memoir of the British Geological Survey. 
Sheets 40, 41,50 etc. 

Young, B., Pettigrew, T. and Bridges.T.F. , 1985. 
Rosasite and aurichalcite from the Northern 
Pennine Orefield. Transactions of the Natural 
History Society of Northumbria , 54, 31. 

GEOMAR 

50 

De Heuvel 50. 
4023 AC Rijswijk (Gld) 
Netherlands. 

New and Rare Minerals 
for systematic collection 

TN, MIN. AND SCABS 

Free lists on request 
Mail Order 



J. UlIssell Sue.. 2(2).51-52 (1989). 

BRITISH.MINERAL AND GEMSHOW - LONDON 1989 

This international show is now a well-established 
event in the U.K. mineralogical calendar. The 
1989 show took place in the airy surroundings of 
the Old Hall of the Royal Horticultural Society, 
Westminster, where the ample floor space and 
excellent natural lighting complemented the 
viewing of specimens and displays. The 1989 Show 
is the 9th such event organized by Earth Science 
Promotions under the management of Dave Neal 
and Ivor Thurgood, and once again they managed 
to put together a winning combination of dealers 
representing all sectors of the mineral and fossil 
world. 

George Wilson had several specimens of 
recently collected yellow-green acicular 
pyromorphite from the 60 fm level entrance at 
Roughtongill (£5-£10), and a good selection of 
large calcite crystal groups from Tynebottom 
Mine, Garrigill, the latter collected in December 
1988 and ranging from £10-£40. Also on display 
was a fine 'spar box' dating from the late 19th or 
early 20th Century showing minerals local to the 
West Cumbrian iron ore mines . David Hacker had 
a good selection of pale purple fluorite from the 
recent Frazer's Hush occurrence (£5-£40) . 

A broad sele9tion of international material was 
available from CI International, with some 
particularly fine aquamarine crystal groups from 
Pakistan - 10 cm x 12 cm - at £125. John 
Lawson of Moorland Minerals had recently 
collected galena crystal groups from Moss Cross 
Vein, Gudham Gill Mine, Nenthead ranging from 
£5-£60, and Danuta Wachowiak exhibited a 
selection of superb Polish halite groups up to 10 cm 
x 15 cm. Neil Hubbard (Midland Minerals) was 
offering splendid thumbnails of the new mineral 
cavansite from Vagholi, 8 miles NE of Poona, 
India, and these ranged from £27-£40 each. Also 
available from Neil's stand were gold nuggets from 
Bear Creek, Alaska (not self-collected!), and 
choice amethyst thumbnails from Las Vigas, Vera 
Cruz, Mexico. 

The Foster-Yeoman Gemstone Section, 
manned by Yvonne Draisey and Brian Wood, had 
a representative selection of sawn and polished 
geodes from Dulcote Quarry, together with fine 
polished slabs of Cotham (landscape) Marble . 
David Baker mounted his usual selection of world 
minerals and specialist meteorite specimens. Some 
nice crystallized gold from Michigan Bluff, Placer 
County, California attracted attention, and a 
single specimen of erythrite on dark shale from 
Marloes Sands, Pembroke caught my eye . 

Secondhand and antiquarian books relating to 
geology and natural sciences at very reasonable 

prices were displayed by John Cooper, and on 
offer were three copies of J. Phillip's "Geology of 
Yorkshire" (1829) at £250, an extremely rare copy 
of John Woodward's 1720 "Essay towards a 
Natural History of the Earth", and several related 
works. The 1881 Geological Survey Memoir "The 
Geology of North Wales" by Ramsey was on offer 
at £75 . 

Michael Toohey mounted an impressive small 
display of well-crystallized diamond specimens 
including a wide variety of coloured crystals. 
Hampshire Micro (Michael and Maureen 
Edwards) were showing the Meiji Labax range of 
stereo-microscopes, with a special show offer on 
the new EMZ9ABE and EMZ2PB models at 
under £800 and £700 respectively . Hampshire 
Micro also offer an extensive range of low power 
bench magnifiers and hand lenses . 

Hilary Corke had his usual range of moderately 
priced world material, and Richard Tayler some 
nice acicular selenite from Gila Co., USA, and 
very dark green dioptase from Reneville, 
Katanga, Zaire ranging from £3-£12 . 
Representative specimens of sugilite, as thin 
purple films on matrix from N'Chwaning Mine, 
Hotazal, S.Africa were also available. The 
Lapidary Shop, Stoke-on-Trent, under the 
supervision of Philip Chen Ham, had a good 
selection of opals both as rough material, and 
beautiful carvings. A wide selection of coloured 
cubic zirconia was also available. Roy P. A. Masin 
from Holland offered a range of very high quality 
material including a quite superb cavansite from 
Poona at £150, and a magnificent hexagonal 
prismatic emerald on matrix from Muzo, 
Columbia. Bright euhedral inter-penetrant pyrite 
groups from Logrono, Spain were priced at £20-
£50, and a splendid 30 cm x 20 cm matrix piece 
carrying zircon crystals to 4 cm was on display from 
Seiland, Norway. 

Gregory Bottley and Lloyd mounted their 
traditional 'showcase' display of very fine 
material, and this year included some interesting 
literary works and supporting memorabilia of John 
Ruskin. A large honey-yellow barite group from 
Frizington, with New York Natural History 
Museum label was on offer at £750, and a very 
large solid mass of superb pyrite crystals from 
Huanzala, Ancash Province , Peru sat resplendent 
on the open table-quite secure, no-one could have 
picked it up. (Price on application!) 

Arnold Fisher was doing a good job for thc 
serious collector of British material with a varied 
selection of old-time and recent pieces. Of 
particular interest was a fine bournonite from 
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Herodsfoot with an old "TaIling label" 5 cm x 5 
cm, and a Wheal Wrey calcite 8 cm x 8 cm 
repatriated from Tucson. Recently collected bi
coloured tourmalines from the Himalaya Mine, up 
to 6 cm x 2 cm, formed a colourful centrepiece to 
Arnold's stand. 

ISIS Minerals had a fine pyrolusite from the 
Middle Atlas Mountains, Morocco, together with 
a series of mounted and framed bookplates 
featuring minerals from the 1817 edition of the 
Encyclopaedia Londinensis. 

Probably the best display of British material was 
provided by Nick Carruth, including two very 
rarely seen siderite 'slippers' from Virtuous Lady 
Mine, and a large bournonite from Herodsfoot (17 
cm x 10 cm). A fine twinned calcite from 
Egremont carried an old John Graves of 
Frizington label (2/6d), and a quite superb classic 
azurite from Chessy (7 cm x 9 cm) with crystals to 
15 mm was on offer at £550. Nick also had an 
original 1858 edition of Greg and Lettsom for sale. 

Rex Cook was offering a very fine Hope's Nose 
gold for £675, and several specimens of Wheal 
Herland native silver from an old collection. A fine 
specimen of divergent chalcocite crystals from 
North Pig Lode, Geevor Mine was particularly 
pleasing and complemented a good range of classic 
material. Barbara Sutcliffe had some very 
aesthetic gemmy pink rhodochrosite crystals, on 
matrix, from Chihuahua, Mexico, and an old 
ankerite on fluorite from Boltsburn Mine, 
CO.Durham, carrying both Russell and BM (NH) 
labels, at £125. Broughton Minerals offered their 
familiar range of spectacular imported quartz, 
malachite, amethyst geodes etc., and certainly 
livened up trading on Sunday afternoon with their 
now traditional 'sale'. John Keeley Minerals had 
an interesting selection of Polish minerals, 
including sulfur and celestine, and green gypsum, 
from Machow near Tarnobr, Poland, and some 
fine clear selenite groups from Zaragoza, Spain. 
One mineralogical oddity on John's stand was 
slabbed and polished sections of banded sulfide 
ore known as 'schalenblende' from Kolchoz, 
Poland. Don Edwards (Tideswell Dale Rockshop) 
had a striking blue barite group from Frizington, 
Cumbria at £525, and a good selection of cavansite 
thumbnails from Poona. 

The UK Journal of Mines and Minerals had a 
stand in the main hall for the first time, this year, 
and were promoting their latest full-colour 
publication, featuring a fine reproduction of a 
period painting of the incline shaft at Botallack, on 
the cover. The editorial team have done a great job 
for the collecting community in providing a topical 
magazine for the mineral hobby, the current issue 
providing many illustrations in full colour. 

Keith and Lyn Corrie from Somerset had some 
unusual pieces for sale, including a pyrite group 
with epitaxial galena growth from Trepca, 
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Yugoslavia, and a superb hubnerite crystal group 
from Pasto Bueno, Aneasli, Peru - now in the 
collections of Oxford University Museum. The 
sole German dealer of the Show - Kristallkeller 
Nurnberg - mounted a very aesthetic display of 
high quality pieces. The truly international 
selection attracted much admiration, but 
unfortunately prices were generally beyond most 
British collectors. I particularly liked a small light 
green apophyllite group from Nasik, Deccan, 
India, with individual crystals to 2.5 cm. 

Moussa Minerals had a mixed selection of world 
minerals with a bias towards African material, and 
Tim Stephenson of Creetown Gemrock Museum 
offered a general selection for beginners together 
with a number of larger display specimens. Minhas 
Trading Co. offered the usual selection of fine gem 
minerals from Afghanistan and Pakistan, with 
characteristically high quality tourmaline, 
morganite, topaz and aquamarine specimens. 
Rohinten D. Mazda had two tables of hand-picked 
Indian zeolites, again representing quite 
remarkable value for money. Of particular note 
was a recent (December 1988) find of very light 
green apophyllite (crystals up to 2 cm), on 
scolecite needles, with an as yet un-identified 
white mineral. An unusual green heulandite from 
Bombay Pada, 15 km west of Punvel, India was 
also worthy of comment. 

David Lloyd and Ian Jones (Unity Minerals) 
provided a good selection of contemporary West 
of England material, and showed once again that 
hard work can be rewarded. New for the Show was 
a selection of attractively tarnished native copper 
specimens up to 15 cm, from Wheal Providence in 
the Levant SetL Ian reports that while access 
requires a strenuous descent of over 300 feet, they 
are hopeful that further work will provide more 
interesting material. 

The British Museum (Natural History) mounted 
a sales stand for publications for the second year 
running, and were able to promote the recent 
reprint of Dines' Metalliferous Mining Region of 
South-west England at a very reasonable £30 for 
two volumes. Pre-publication information was 
also available for the forthcoming colour 
illustrated work by Cooper and Stanley -
Minerals of the Caldbeck Fells - scheduled to be 
out this autumn. 

Club displays incuded the British Micromount 
Society, Amateur Geological Society, Essex Rock 
and Mineral Society, Norfolk Mineral and 
Lapidary Society and the Russell Society. 

Apart from the opportunity to view a wide 
selection of all that's best in the British mineral 
market, many visitors obviously valued the 
opportunity to renew old acquaintances, discuss 
recent finds or just chat about minerals to anyone 
who wanted to listen (and why not? that's what a 
mineral show is for!) See you all next year. 

Roy E. Starkey 



BOOK REVIEWS 

Kodera, M. and Kolektiv, A. Topograficka 
Mineralogia Slovenska I: A - Kl. ( in Slovak). 
Bratislava (Veda Vydavatel'stvo Slovenskej 
Akademie Vied), 1986. 577 pp. Price Kcs 105 .00 . 

This encyclopaedic work on the topographic 
mineralogy of Slovakia aims to provide 
comprehensive information on the mineral and 
raw material wealth of the country. This first of 
two volumes starts with a complete bibliography of 
some 3200 numbered items up to 1982 from over 
130 domestic and also foreign periodicals. This is 
followed by an alphabetical listing of the main 
localities, chosen to cover the territories of the 
main towns and villages. The genetic principle is 
then used to classify particular types of 
mineralization found in these localities. The 
names used for territorial units are the current 
ones, but cross references to the older names often 
used in the literature are promised in the full 
locality index in volume 2. The language should 
l?rove no real barrier: thus under the locality 
Casta, details of the mineralogy in the hornfels are 
followed by a description of the "hydrotermalna 
mineralizacia" with an alphabetical list of minerals 
incuding a short paragraph on each , eg, 
"Bournonit. ... identifikovany opticky v 
odrazenom svelte a pomocou RTG [281]" where 
the abbreviation list gives RTG = X-ray 
diffraction and [281] is the numbered reference to 
the published descriotion, and "Sfalerit. .. l1.89 
mol % FeS , identifik~cia doplena" stanovemim a 
5.141 ± o.oolA, D 3.986 a HV"N 227 kg/mm2 
[2425]" . 

The book contains an immense amount of data 
and the two-volume set (when Vo1.2, including 
numerous maps showing the main localities , 
becomes available) should be in all libraries 
serving mineralogists. 

R.A . Howie 

Young, B. Glossary of the Minerals of the Lake 
District and Adjoining Areas. Newcastle upon 
Tyne (British Geological Survey, Natural 
Environment Research Council), 1987. 104pp. 
Price £8.50. ISBN 0 85272 0998. 

The aims of this volume are set out in the text by 
the author. These are to provide a comprehensive 
top?graphical mineralogy of "a single clearly 
defmed area", and for this eventually to form part 
of a complete modern record of British 
mineralogy. A rationale for topographic work and 
its proper reporting is also given. This is an unusual 
item to find in a book of this kind, and it was 
refreshingly welcome. 

Remarkable success attends the aims of the 
author in the work itself in which some 300 
minerals are discussed. As far as can be discerned 
the glossary is extensive, meticulously researched 
and well-documented. An assessment of reports of 
occurrences is included and careful reading of the 
quoted text and reported observations permits a 
good overview of mineral associations and 
occurrences both regionally and in specific 
deposits. 
. A few anno~ing (but obvious) errors have crept 
mto the text WIth repect to chemical formulae , but 
these do not detract much. My only real criticism 
concerns the size of print chosen; this makes a 
good reading light essential. I suppose however 
that t~e text would have become inordinately 
bulky If a larger point size had been used. 

For professional and amateur mineralogists with 
any interest in the minerals of the Lake District 
this work would be an essential acquisition : 
Information concerning mineral associations will 
be of interest to others. The modest price places 
the glossary within reach of individuals as well as 
institutions. Finally, I should say that the author is 
to be congratulated on the production of what may 
well become the model for a new British 
mineralogy . It is to be hoped that others will be 
encouraged by it to set down the same kind of 
information on other areas. There can be no final 
word on Lake District minerals ; new finds will 
extend the numbers of new species and 
occurrences as time passes. This glossary however 
will be the cornerstone reference for any new 
reports. 

P. A. Williams 
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NOTES FOR CONTRIBUTORS 
TYPESCRIPTS 

Papers should be typed , preferably on A4 paper , 
on one side only, with double spacing and wide 
margins (about 2.5cm) on good quality paper and 
submitted in triplicate to the Editor. Each paper 
will be read by two designated reviewers. 
Submission of a paper to the Journal is taken to 
imply that it has not been considered for 
publication elsewhere. Material accepted for 
publication can not be published elsewhere in the 
same form without the consent of the Editor. 

Both full articles , covering all aspects of 
mineralogy including topographical mineralogy, 
and notes (up to 1000 words) are accepted for 
publication. Each full length paper should contain 
an abstract of up to 250 words summarizing the 
significant points of the paper. No abstract is 
required for notes . 

The first sheet of the typescript should give , in 
order , the title of the paper , the names and 
addresses of the authors , and the name and 
address of the author for correspondence and to 
whom proofs are to be sent. Text pages should be 
numbered serially. Papers should be submitted in 
the style and format of the Journal. 

FORMAT 

The manuscript should be presented under various 
headings such as abstract , introduction, 
experimental results, discussion , references , etc. 
Not all sections will be necessary in any given 
paper and others may be appropriate. In these 
sections , the headings should be typed in capitals 
over to the left. Subheadings in the experimental, 
results and discussion sections should be typed in 
lower case, beginning with a capital and 
underlined, also to the left of the page. 

PRESENTATION 

Authors should present their material with clarity 
and conciseness . Experimental work should be 
accurately set out in sufficient detail to allow 
reproduction of results by other workers. When 
unusual new minerals are identified , sufficient 
proof of the nature of the mineral (X-ray 
diffraction data , analyses, etc.) must be supplied 
(along with analysis reference numbers) , and 
should be compared with published data. Full lists 
of such data might not be necessary in the text , but 
should be supplied to the Editor if required by the 
referees in the course of their assessment. For 
mineral occurrences of particular note (eg. new 
occurrences in the U .K. or from a particular 
locality) authors are strongly encouraged to 
provide a note of the specimen number and a 
record of the institution or collection where the 
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specimen is lodged . Specific localities should be 
referred to by National Grid references together 
with the 100 kilometre square letters (e.g . , SM 
928476). Ordinarily , results and discussion should 
not be intermingled. 

FIGURES 

All figures should be numbered wiith consecutive 
arabic numbers. They should be mentioned in the 
text and must have a descriptive caption. A list of 
figure captions should be typed on a separate sheet 
and included with the manuscript. 

All figures should be of a quality suitable for 
direct reproduction. Original line drawings, 
crystal diagrams , maps etc., should be prepared 
with black (india) ink on white art paper or tracing 
paper.AlI lettering and symbols should be 
included on the diagrams . The size of the lettering 
(not typed) should be appropriate , if the diagrams 
are to be reduced in size . For example, if a figure is 
to be reduced by one half, lettering 4mm high 
should be used. Where relevant , a metric scale 
should be provided , along with National Grid 
reference or co-ordinates of latitude or longitude. 

Photographs, where necessary , should be 
submitted as good, glossy original prints of 
maximum possible contrast. Each figure should be 
labelled on the reverse side with the author's name 
and the figure number. The tops of all figures and 
photographs should be marked as appropriate . 
Originals of photographs should be supplied at the 
time of manuscript submission. Only photocopies 
of figures, however , should be sent initially with 
the manuscript; the Editor will request originals 
once the manuscript has been accepted for 
publication. 

TABLES 

Tables should be numbered consecutively with 
Roman numbers. No vertical lines should be used. 
A clear title should be provided separated from the 
bulk of the information by a horizontal line. 
Another line should mark the end of the tabulated 
data , and beneath this any footnotes , referred to in 
the table by superior case letters , should be 
included. Footnotes , however, should be kept to a 
minimum. Each table should be typed on a 
separate page, continuing as necessary to further 
pages. 

MATHEMATICS 

Where possible any mathematical equations (or 
chemical equations) should be typewritten with 
subscripts and superscripts clearly shown. 
Equations referred to in the text should be 



numbered consecutively by arabic numbers III 

parenthesis at the right hand margin . 

MINERALOGY 

Nomenclature and terminology of the 
International Mineralogical Association must be 
adopted. If the authors are uncertain about any 
aspect of these rules, the Editor should be 
consulted. As a guide to correct mineral names , 
Fleischer's most recent compilation should be used 
(at present this is M. Fleischer, Glossary of 
Mineral Species (Fifth Edition) , Mineralogical 
Record Inc., Tucson, 1987). 

If varietal names are employed in the text , these 
should appear underlined (for italics) after the 
formal definition and should be referred to in the 
same way throughout the text. Chemical formulae 
for minerals, wherever appropriate , should be 
included. 

CHEMISTRY 

Nomenclature should be that adopted by the 
International Union of Pure and Applied 
Chemistry . If authors are in doubt , they should 
consult the Editor. 

Crystal structure studies should be reported in 
the manner outlined by the International Union of 
Crystallography (Acta Crystallographica, 22 , 45 
(1967». Tables of anisotropic thermal parameters 
and observed and calculated structure factors 

should be deposited with the Editor. 
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References and notes should be indicated in the 
text by the author and year of publication, thus: 
(Brown, 1967) or , "as stated by Brown (1967)". If 
two authors are involved, both should be named: 
(Green and Brown, 1985) , and if more than two 
authors: (Green et al. , 1986) . When more than one 
reference is quoted, each should be separated by a 
semicolon thus (Brown , 1969; Green et al. ,1986). 

A list of references should be provided in 
alphabetical order. References should be given in 
full. Some examples are given below. 
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WULFENITE, Melissa mine, Silver District, La Paz Co. , Arizona , USA. 

Although overshadowed by specimens from the nearby Red Cloud mine - claimed by many as the world's premier 
source of the mineral - wulfenite from the Melissa mine can be very attractive and is found in similar shades of 
red-orange to those from its more famous neighbour. The bipyramidal crystals arc small (those pictured reach 
2mm across) and commonly occur scattered on drusy quartz with small cyrstals of calcite and pale purple fluorite. 

Mick Cooper photograph and specimen (MPC 86-134). 

Production costs for this cover photograph were generously met by Ralph Sutcliffe. 






