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GUEST EDITORIAL 
The last two decades have witnessed a remarkable growth in field mineralogy in Britain, led almost entirely by an 
expanding number of amateur collectors; never before has mineralogy enjoyed such a wide following. Whereas 
many who pursue leisure mineralogy are justifiably content to see and collect interesting but otherwise 
unremarkable material , there is today a small but very significant number of well-informed individuals who can 
truly be described as amateur mineralogists rather than simply collectors. Mineralogy is one of the very few sciences 
where a genuine role remains for the good amateur. It is worth reflecting that in recent years many, or perhaps most, 
of the important finds of unusual or rare minerals are the result of dedicated amateur work, often of high scientific 
quality. Good topographical mineralogy is the essence of very much mineralogical and geological research. In these 
days of ever tightening research budgets and pressure for process-orientated research, few professionals have time to 
conduct the detailed field mineralogy which is nowadays almost exclusively the preserve of the amateur. Mineralogy 
owes much to amateur effort and enthusiasm but it could benefit even further. 
The fascination and enjoyment offield mineralogy is obvious to all who practise it. As with all collecting the thrill of 
discovering the rare or new is an important added attraction, often serving as an incentive for further work. With the 
sophisticated determinative techniques accessible to many amateurs today, such important finds are being made 
increasingly often, paradoxically at a time when the amount of material available for collecting is rapidly 
diminishing. More than ever there is a need to place such discoveries on permanent record for the benefit of the 
whole scientific community . The finding of such material should surely impose on the collector an obligation to 
make such a record. Failure to do so renders the collecting pointless and rather selfish and denies invaluable basic 
data to science. Many collectors are increasingly aware of the need to deposit well labelled representative specimens 
of important finds with national museums as a permanent physical archive. The need to take the comparatively 
short extra step of writing a brief report for publication is gradually being realised, though many collectors either 
remain to be convinced or, perhaps more commonly, lack the confidence to make the attempt. 
For a number of years there has been a trend away from such topographic recording, especially in a number oflong
established journals. This tendency is now reversing as the science again recognises the need for this essential basic 
information. 
By fostering and promoting the interests of topographical mineralogy, the Russell Society is playing an increasingly 
important part in British mineralogy. The journal provides one avenue for publishing records of significant new 
finds. Those who, with no previous experience of scientific writing, have taken up the challenge to commit their 
records to print have almost always found the process to be much less daunting than they imagined . For those still 
new to such authorship the Editor and Editorial Board of this journal will be delighted to give all help necessary to 
place on permanent record information which would otherwise be lost to science. 

The Russell Society gratefully acknowledges the 
generous financial support of 

Ralph Sutcliffe 
towards publication costs 

B.Young 
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THE SECONDARY MINERALOGY OF THE 
CLYDE PLATEAU LAVAS, SCOTLAND 

PART 3. HARTFIELD MOSS 

T.K. MEIKLE 

13 Tassie Place, East Kilbride, Glasgow G74 3EB 

Hartfield Moss has previously been described as a 'rich field to collectors of mineralogical specimens .. .. ' 
(Fleming, 1842). This study confirms the variety of minerals from this locality, describing the occurrence, 
form, and characteristics of 23 different mineral species. 

INTRODUCTION AND GEOLOGICAL SETTING 

Hartfield Moss [Grid ref. NS 416 570] lies 7.25 km NE 
of Beith and 9 km WSW of Barrhead in Renfrew 
District, Strathclyde Region (Fig. 1). The area featured 
prominently in early mineralogical literature as a notable 
location for the occurrence of prehnite and associated 
zeolites , which prompted the present investigation. 

The Moss, originally about 650 acres of peat bog, was 
partially reclaimed during the early part oflast century, 
leaving an extensive central portion of wet bogland 
surrounded by the reclaimed, but still only marginal, 
land. 

In the early literature there was reference to 
particularly fine specimens of prehnite from the 
Hartfield Moss area; these reports have not been 
substantiated, however, and the provenance of these 
specimens remains enigmatic. Interesting and unusual 
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mineral species collected during the present study are 
described in this paper, however, including native 
silver, native copper, unusual forms of titanite, and a 
very rare occurrence of diaspore, in addition to prehnite 
and various associated zeolite-group minerals. A 
representative suite of minerals from Hartfield Moss 
has been deposited with the Royal Museum of Scotland, 
Edinburgh, (RMS GEOL. 1990.50.3-4), and also in the 
Hunterian Museum, The University, Glasgow. 

Hartfield Moss is underlain by basalts of the Clyde 
Plateau Lavas, of Dinantian age. These are 
predominantly olivine basalts which are variously fine 
grained and porphyritic, and typically are either 
vesicular or amygdaloidal. Exposures in the area are 
generally small , each only a few sq uare metres in extent. 
The first Ordnance Map, surveyed in 1857 and 
published in 1863, marks some of these exposures as old 
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FIGURE 1. Sketch map showing the locations of small quarries and exposures at Harfield Moss. 
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quarries. These latter 'exposures' are only slightly larger 
in extent. 

PREVIOUS LITERATURE 

The first mineralogical record for Hartfield Moss is that 
for prehnite and analcime by Jameson (1816), followed 
later by the accounts of Thomson (1836) and Phillips 
(1837). The New Statistical Account for Scotland, 
Neilston Parish, Renfrewshire (Fleming, 1842) 
however does provide details of the geology and 
mineralogy of Neilston Parish, where Hartfield Moss is 
located, the latter being described as having '- long 
been known as a rich field to collectors of mineralogical 
specimens. - more especially found in the greatest 
plenty and variety near Hartfield.' Referring to preh
nite, Fleming (op. cit.) stated that an ' . ... abundance 
of it has been picked up in the Hartfield Moss', and 
continues ' It is curious indeed, that it's formation 
should be in the middle of moss. We have found large 
specimens of it so imbedded' . Referring particularly to 
a fine specimen he had found some years previously and 
passed on to Mr Lockhart Muirhead, Professor of 
Natural History in Glasgow University, he goes on ' 
The celebrated Brochant, it is said, could not rest 
satisfied till he visited the place of it's formation, 
Hartfield Moss, and took away with him some of the 
finest specimens he could find .' Hartfield Moss is also 
referred to subsequently in the works of Greg and 
Lettsom (1858), Heddle (1901) , and Houston (1912). 
Houston (1912) listed twelve mineral species from 
Hartfield Moss although he provided no details of their 
occurrence, except for prehnite, for which he quoted 
from Fleming (1842). The first record of the various 
species listed by Houston (19] 2) are: prehnite and 
analcime, Jameson (1816); levyne, Phillips (1837); 
heulandite, laumontite, chabazite and thomsonite, 
Fleming (1842); orthoclase (weissigite), natrolite and 
mesolite, Greg and Lettsom (1858); and quartz and 
stilbite, Heddle (1901). 

Presently there is little evidence of mineralization in 
the lavas underlying the Moss. It is seen only as vesicle 
and amygdale fillings in the various small scattered 
exposures, and all but one of the 'old quarries' referred 
to above. The locations of the occurrences recorded in 
the early literature, however, are currently uncertain. It 
is possible that the specimens were recovered either 
from float or from locally quarried rock used in the land 
reclamation as there is a reasonable match between the 
matrix of certain specimens collected recently and that 
of basalts found in two of the old quarries in the area [at 
NS 412582 and NS 409580]. It is significant that groups 
of large boulders, presumably derived from land 
clearance, are found in the corners of some of the fields. 

MINERALOGY 

Most specimens collected during the present study have 
been recovered from loose rock embedded in the line of 
old access tracks leading across the reclaimed ground 
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and into the Moss (see Fig. I), and are assumed to have 
been road aggregate. Specimens have also been 
collected from surface material excavated during 
drainage and ditch construction, from boulder 
clearance dumps, and from collapsed dry-stone walls. A 
few specimens have been collected from a relatively 
large in situ mineralized pocket in one of the former 
quarries [NS 412582]. 

Of the mineral species previously recorded, prehnite, 
thomsonite, and natrolite have been collected during 
this study, although only from large, loose specimen 
material, with the exception of that from the in situ 
pocket. These are described in this paper, along with 
accounts of various associated rare species, including 
native silver, native copper with chrysocolla, covellite, 
malachite, diaspore, muscovite, hematite, calcite, 
barite, harmotome and quartz. 

Analcime, laumontite, heulandite, stilbite and 
possible offretite, along with prehnite, feldspar, chlorite 
and both micaceous and specular hematite occur, 
together with titanite in several unusual forms, in small 
vesicles, or as amygdale fillings in the exposed lavas. 
These species are also described below. 

Identifications of the various species described here 
have been principally on the basis of visual and optical 
examinations. Native silver and diaspore, however, 
were identified by EDAX at Leicester University, and 
diaspore was identified by XRD at the Royal Museum 
of Scotland, Edinburgh. Finally, titanite was identified 
originally by EDAX at Unilever Research Laboratory, 
Port Sunlight, with subsequent confirmation by XRD 
and quantitative X-ray spectrometric analysis at the 
Royal Museum of Scotland. 

ANALCIME 
Analcime occurs in basalt in vesicles and cavities up to 
60 mm across at a number of exposures adjacent to the 
western bounding road of the Moss (Fig. 1). The 
trapezohedral crystals, up to 5 mm in size, vary in 
translucency and colour (pink , white or colourless). 
They are glassy when fresh , but are dull and chalky 
where weathered. Associated minerals are calcite and 
occasional golden-red to blood-red rosettes of hematite. 

BARITE 
Barite has been found only at a single locality, namely 
in the large mineralized cavity in a small disused quarry 
[NS 412 582; Fig. 1]. It is closely associated with 
prehnite, thomsonite and calcite, occurring as pearly 
off-white to colourless, translucent, elongated tablets 
up to 30 mm wide and 10 mm thick. Occasionally these 
show poorly-defined composite prism faces with small 
spherules ofprehnite. More rarely, the barite surface is 
overgrown by small, clear, transparent, well
terminated, flat prisms of a later generation of barite. 
Other associated species are rare native copper, 
occurring both on and in the prehnite and accompanied 
by malachite, and also rare harmotome, which occurs in 
solution cavities in the barite. 



CALCITE 
Rarely calcite occurs in fissures or joints as translucent, 
colourless to white, irregular rhombic masses up to 15-
20 mm across, partially filling cavities in association 
with prehnite, thomsonite and occasional natrolite. 
More frequently it occurs as dull and solution-etched 
rhombic or platey skeletal masses, again associated 
with prehnite, thomsonite and rare natrolite. 

CHLORITE 
In some of the exposed lavas chlorite is common as 
brownish-yellow to grey-green linings to small vesicles, 
or as small botryoids and rosettes up to 0.2 mm across. 
Associated minerals in these vesicles are feldspar, 
sometimes with titanite and very rarely a mineral 
tentatively identified as offretite. 

CHRYSOCOLLA 
Chrysocolla has been found only in a single specimen , 
occurring on botryoidal prehnite, in association with 
native copper, either as small, greeny-blue platey 
pseudomorphs (up to 0.5 mm) and blue-green to olive
green blocky pseudomorphs (up to 0.8 mm). The 
specimen was found in one of the tracks leading into the 
Moss. Accompanying minerals in the same specimen 
are native silver and hematite. 

COVELLITE 
Covellite has been found at only a single locality, in a 
small basalt boulder recovered from one of the old 
tracks leading into the Moss across the reclaimed 
ground (see below). Three small irregular covellite 
masses, identified by visual means alone, occur with 
diaspore, native silver, muscovite and hematite. 

DIASPORE 
Diaspore has been found forming a number of separate 
and isolated crystal groups in a single highly 
mineralized basalt block collected from one of the old 
tracks leading into the Moss [NS 419 576]. As far as the 
author is aware this represents only the third recorded 
occurrence of diaspore in Scotland. It is particularly 
notable for the size and form of the crystals. The 
diaspore is found in two associations. Firstly; it occurs 
in solution cavities in the matrix of reddish-brown 
basaltic lava, as creamy-yellow to off-white spherules 
up to 1.2 mm across, perched singly or forming small 
aggregates up to 1.4 mm across, comprising three or 
four intergrown spherules. Occasionally the spherules 
are fractured, revealing an interior of radiating needle
like crystals or sometimes forming a ring of radiating 
crystals about an open centre. Secondly, diaspore 
occurs within masses of thomsonite, prehnite and 
natrolite, in-open channels of square cross-section, up 
to about 2 mm wide, presumably previously occupied 
by natrolite, but now with its sides lined with 0.3 mm 
crystals of prehnite. The diaspore occurs not only in 
similar groups and forms as described above, but also 

as free-standing aggregates, up to 1.6 mm across, 
composed of platey needle-like crystals up to 0.3 mm in 
length. In this situation the diaspore is associated with 
native silver, muscovite, occasional hematite, and rare 
covellite. This association is described in further detail 
below. 

FELDSPAR 
Feldspar is relatively common in several of the outcrops 
near the bounding road to the southwest of the Moss, 
occurring in vesicles up to 4 mm across. It typically 
forms colourless to pink or white crystal aggregates ca. 
1.2xO.8xO.3 mm, composed of platey, well-terminated, 
twinned crystals. Optical determinations indicate that 
the feldspar is oligoclase, close to the albite boundary. 
A t another exposure [at NS 413 573] vesicles of similar 
size are coated wi th sharp, colourless, prismatic crystals 
up to 0.5xl.0 mm, occurring singly or in multi-twinned 
aggregates. Optical characteristics suggest that this 
mineral is adularia. 

HARMOTOME 
Twinned crystals of harmotome occur only rarely, 
found associated with barite and prehnite, in the in situ 
mineralized pocket as colourless, transparent, well
terminated slender prisms (up to 0.5 x 1.5 mm). 

HEMATITE 
Hematite is relatively common, both in the lava 
outcrops and in the loose material. It occurs in 
micaceous form as pinkish-red to reddish-brown fiakey 
coats on prehnite and thomsonite, and as aggregates of 
tiny plates and crystals in vesicles in the lavas. It also 
occurs in specular form in the vesicles as minute 
lustrous crystals, and occasionally as brilliant, golden
red rosettes on glassy analcime in larger cavities. The 
specular form occurs also in loose specimen material as 
splendent plates up to 0.5 mm across, or extremely 
rarely as small (up to 0.4 mm), equant, hexagonal 
crystals associated with thomsonite, prehnite and 
natrolite. 

HEULANDITE 
Heulandite occurs freq uently in a number of exposures, 
as small (up to 0.5 mm), colourless or reddish-brown 
crystal tablets in small vesicles. 

LAUMONTITE 
Laumontite is common in small vesicles and cavities at 
a single exposure [NS 402 565], where it occurs in 
abundance as white to transparent colourless prisms up 
to 6 mm long, sometimes with we\1-formed, oblique 
terminations. In other cases the prisms are intergrown, 
lack terminations and completely fill the cavities. 

MALACHITE 
Malachite has been found tn. only one specimen, 
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collected from the in situ mineralized pocket, forming 
small spherules up to 0.3 mm, composed of fibrous 
crystals, associated with native copper on prehnite. 

MUSCOVITE 
Muscovite occurs along with diaspore in a specimen 
containing thomsonite, prehnite and natrolite (see 
above). The muscovite occurs as small, highly lustrous, 
transparent books up to 1 x 1.5 x 0.3 mm, displaying 
pseudo-hexagonal crystal faces. 

NA TIVE COPPER 
Native copper is extremely rare at Hartfield Moss. It 
was identified in a chrysocolla-bearing specimen (see 
above) as small, single (up to 0.17 mm), cubo
octahedral, bright-copper coloured to dull-brown 
crystals and as crystal groups (up to 0.5 mm across) on 
and within botyroidal prehnite. Native copper crystals 
also occur in the mineralized pocket on blue-grey 
prehnite, associated with thomsonite, natrolite, calcite 
and rare malachite, barite and harmotome. 

NA TIVE SILVER 
Native silver has been found at three separate localities 
at Hartfield Moss, all in material recovered from the 
access tracks [at NS 420 575, NS 423579 and NS 419 
576]. In the first occurrence it is present as bright, well
formed crystals on, and partly in, a weathered platey 
surface of compact, purplish-red thomsonite. The 
crystals range from modified cubic (up to 0.2 mm) to 
extended (filiform) forms with square sections and up to 
1.4 mm in length. No obvious explanation is available, 
however, for their bright and untarnished appearance 
despite their apparent long-term atmospheric exposure. 
Specimens from the other two localities show firstly 
native silver associated with native copper, chrysocolla 
and hematite, as small (less than 0.45 mm), irregularly 
modified cubic crystals in prehnite, and secondly, native 
silver associated with diaspore, muscovite, and hematite. 

NATROLITE 
Natrolite occurs as well-formed, colourless, 
transparent, slightly tapering prisms up to 30 mm in 
length, either as single crystals or small aggregates of 
crystals, intimately associated with thomsonite and 
prehnite. Other associated minerals are occasional 
native silver, native copper, diaspore, and muscovite, 
and more rarely, hematite and covellite. 

OFFRETITE (?) 
Rare greenish-grey, needle-like, bladed crystals with a 
pearly lustre have been identified in vesicles in basalts 
from two separate exposures [NS 402 565 and NS 412 
582]. In the former exposure the crystals occur in 
parallel growth as coatings on, and crystals orientated 
normal to, the edge faces of twinned, curved plates of 
titanite. At the latter exposure the needle-like crystals 
occur on the chlorite lining of the vesicles, as tufted 
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aggregates up to 0.2 mm, along with velvety-surfaced 
spherulitic aggregates up to 0.45 mm across. On the 
basis of optical evidence, together with the colour, 
lustre, and mode of occurrence of the crystals, the 
mineral is tentatively identified as offretite. 

PREHNITE 
Only a single in situ occurrence of prehnite has been 
recorded during the present study, from a small disused 
quarry [NS 412 582], where it is associated with 
thomsonite and natrolite. Additionally prehnite has 
been collected as float material on the reclaimed land 
and also in the several old tracks leading across th~ 
reclaimed land, into the Moss. For the most part the 
prehnite is unusual, being generaly transparent and 
colourless except for a very faint pinkish cast, which 
occasionally changes to very pale greenish-yellow to
wards the smooth surfaces of botryoids. More often, 
however, the botryoids are terminated by colourless to 
very pale pink 'books' or large, curved, platey crystals 
up to 2.5 mm width. The botryoids reach up to 35 mm 
across. Associated minerals are rare native silver, native 
copper, chrysocolla, covellite, diaspore, muscovite and 
hematite. 

QUARTZ 
Quartz occurs only rarely, being found associated with 
fibrous, radiating thomsonite and massive analcime. It 
partly forms pseudomorphs after these minerals. It 
occurs as translucent, colourless to white, or opaque 
creamy aggregates of elongated tapering crystals up to 5 
mm length and 0.7 mm width. The crystals are 
frequently terminated by three prominent, although 
often rounded, pyramidal faces . Quartz pseudomorphs 
after analcime, however, are massive with only blunt, 
intergrown and irregular terminations. 

STILBITE 
Stilbite has been identified on the basis of optical 
determinations from a number of exposures and is 
typically associated with heulandite. CrystaJs'.are small 
(up to 0.5 mm), colourless to reddish-brown, a~d occur 
in vesicles; visually they may readily be mistaken for 
heulandite. 

THOMSONITE 
Thomsonite is probably the most common mineral 
species in the lavas throughout the area. It occurs 
frequently as chalky, white or colourless, fibrous or 
compact, radial aggregates filling amygdales or 
partially filling vesicles. It also occurs with prehnite and 
natrolite as well-formed, colourless, transparent, often 
truncated individual crystals up to 30 mm in length and 
2 mm in width. Alternatively it forms platey or 
sometimes fibrous radial crystal aggregates. 

TITANITE 
In specimens collected from the basalt exposure at NS 



398 564, feldspar, laumontite, hematite and probable 
offretite occur in chlorite-lined vesicles, with titanite. 
The titanite is highly lustrous and occurs in three, well
crystallised, but unusual forms. These are similar in 
mode of occurrence and form to recently collected 
titanite from Loanhead Quarry, near Beith, and to 
recently identified titanite from a specimen of native 
copper and prehnite collected a number of years ago at 
Boyleston Quarry near Barrhead. At Hartfield Moss, as 
at the other two occurrences, the titanite crystals occur 
as three distinct, and seemingly different, forms of 
unrelated minerals. These forms occur in separate, 
albeit closely associated vesicles in the basalt, and they 
may occur singly or in groups of crystals on the chlorite 
linings of the vesicles. In the case of the distinctive 
multi-twinned crystals (comprised of curved platelets), 
they are frequently associated with pink and white 
composite feldspar crystals and sometimes are coated 
by parallel growths of probable offretite. In all cases the 
titanite crystals are generally colourless to pale greyish
green and range from 0.24 to 0.5 mm across for 
individual crystals and up to 1.2 mm across for complex 
aggregates. The mineral was identified by energy
dispersive X-ray analysis at the Unilever Research 
Laboratory, Port Sunlight. In addition to Ca, Si and Ti, 
however, AI, Pb, K, Mn and Fe were also detected, 
suggesting contamination. Subsequent X-ray 
fluorescence analysis at the Royal Museum of Scotland 
of a crushed single crystal gave: Si02 33.97%; CaO 
29.08%; Ti02 28.71 %; and Fe20 3 8.34% . X-ray 
diffraction of the same sample confirmed the mineral as 
titanite. 

CONCLUSIONS 

This work records the presence of 23 different mineral 
species at Hartfield Moss, clearly substantiating the 
earlier description by Fleming (1842) of the Moss as 
being 'a rich field to collectors of mineralogical 
specimens. .. . ., found in the greatest plenty and 
variety near Hartfield.' However, although the writer 
has collected specimens principally from tracks and 
from surface float the enigma of the report by Fleming 

(op. cit.) of prehnite embedded in the middle of moss 
has not been resolved. It remains uncertain whether 
earlier records refer to similar loose material or whether 
in fact they relate to specimens collected in situ from the 
scattered disused quarries, which presumably were 
opened during land reclamation work early last 
century. 
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NEW OCCURRENCES OF SECONDARY ALUMINIUM 
MINERALS FROM THE BRISTOL DISTRICT 

C. ALABASTER 

Department of Geology, Wills Memorial Building, University of Bristol, Queens Road, Bristol BS8 I RJ 

Allophane, kaolinite, halloysite, scarbroite, gibbsite, dundasite and a hydrotalcite-Iike mineral are 
associated with deeply oxidised smithsonite-bearing veins, formerly worked for zinc, in Upper Triassic 
limestone breccias ('Dolomitic Conglomerate') near East Harptree [ST 561 557], in the Mendip Hills, 
some 20 km south of Bristol. Allophane, scarbroite, gibbsite, basaluminite, para-a1umohydrocalcite and 
possibly alumohydrocalcite, and gypsum are likewise associated with heavily oxidised pyritiferous veins in 
the Carboniferous Limestone close to the Rhaetic/Lower Carboniferous unconformity at the southern 
end of Hampstead Farm Quarry [ST 728843] , near Chipping Sodbury, 16 km north-east of Bristol. The 
Hampstead Farm Quarry aluminium mineral assemblage is suggested to be of very recent formation, 
whilst that at East Harptree is older and probably developed under periglacial conditions. 

INTRODUCTION 

In the Bristol district, the mining of ores of lead, zinc, 
iron and, on a limited scale, manganese has occurred 
intermittently over a period of almost 2,000 years 
(Gough, 1930), Apart from specimens in the 
Woodward Collection, preserved in the Sedgwick 
Museum , Cambridge, which contains several 
specimens from the Harptree area (Spencer and 
Mountain, 1923), few mineralogical specimens exist 
from the time when the mines were working. 

Lead and zinc were the major metals, occurring in 
near-vertical veins emplaced along faults, joints and 
high angle bedding planes in the Carboniferous 
Limestone, and faults and joints in the Upper Triassic 
breccias, locally known as the Dolomitic 
Conglomerate. Throughout the Bristol district the 
main primary vein minerals are galena, pyrite, 
sphalerite, barite and calcite. Most of the veins have 
undergone deep supergene oxidation resulting in the 
alteration of sphalerite to smithsonite, and pyrite and 
marcasite to hydrated iron oxides. Workable quantities 
of sphalerite were only found in a few of the deepest 
mines. The distribution of the Pb-Zn mineralization is 
very patchy, with areas of intense mineralization 
separated by large tracts of poorly mineralized or 
barren ground. The most productive area came to be 
known as the Central Mendip Pb-Zn Orefield (Green, 
1958). Occurrences of the oxide ores of iron, 
occasionally accompanied by those of manganese, are 
more evenly distributed. The metalliferous 
mineralization of the Bristol district has been reviewed 
by Green (1958) , Ford (1976), and Alabaster (1982). 
During an unsuccessful search for the manganese 
workings near East Harptree, referred to by Gough 
(1930), allophane and associated white aluminous 
material was seen in several pieces of waste rock , 
obtained by digging into the overgrown mine dumps on 
the flat ground behind the ruined Richmont Castle [ST 
562557]. Similar material was also found in situ in one 
of the nearby adits [ST 561 557] driven into the eastern 
side of Harptree Coombe, and in a small trial cutting on 
the western side of the valley, directly opposite the adit. 
Similar aluminous 'white minerals' have also been 

identified from the Chipping Sod bury area, to the north 
of Bristol , where they occur in a narrow horizon close to 
the RhaeticjLower Carboniferous unconformity in 
Hampstead Farm Quarry , 

GEOLOGICAL SETTING 

HAMPSTEAD FARM QUARRY 
Hampstead Farm Quarry [ST 728 843], situated 
approximately 16 km north-east of Bristol , works well
bedded Black Rock and Clifton Down Group 
limestones of Carboniferous age which crop out along 
the eastern limb of the North Bristol Syncline. In the 
immediate neighbourhood of the quarry these 
limestones are overlain unconformably by Rhaetic and 
Lower Jurassic sedimentary rocks which comprise 
black pyritic shales, passing upwards into grey marls 
with limestone bands. Up to 6 m of these beds occur in 
the southwestern corner of the quarry. Boulder clay, up 
to 1 m thick, overlies the shales in this area. Two sets of 
mineralized joints are developed, which trend east-west 
and north-south. The bulk of the primary 
mineralization (calcite, barite, pyrite, marcasite, 
galena, sphalerite) is associated with the east-west set of 
joints. 

On the top bench at the southern end of the quarry 
overburden removal has laid bare the sub-Rhaetic 
limestone erosion surface. Two small bedding plane 
thrust faults (Fig. I) give rise to low steps in the 
otherwise smooth limestone platform. The western, 
unmineralized fault marks the contact between the 
massive Lower Carboniferous Gully Oolite and the 
thinly bedded clay-limestone succession of the Clifton 
Down Mudstone. The planed off edges of the limestone 
beds are here encrusted by a network of unoxidized 
pyrite strings, containing accessory galena and 
sphalerite, which penetrate the limestone to a depth of a 
few centimetres. To the east of the fault a more or less 
continuous sheet of pyrite encrusts the massive 
limestones. The sheet averages I cm in thickness but 
locally swells to about 6 cm where it fills shallow 
depressions in the limestone. The sulfide-bearing veins 
connect with the pyrite sheet but have not been seen to 
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FIGURE 1. Sketch map of Hampstead Farm Quarry [ST 728 843]. The two bedding plane thrust faults referred to in 
the text are labelled 'F' on the sketch map. 

continue up into the Rhaetic shales. Several large blue
grey clay filled sink-holes and neptunean dykes are 
developed in the massive limestones. The tops of these 
structures are sharply truncated by the plane of 
unconformity. Within one of these 'pipes' minor pyrite
galena mineralization was seen in a temporary exposure 
where it occurred along the clay-limestone contact. 

The eastern thrust fault is mineralized and contains 
partially oxidized lumps of galena and pyrite, with 
minor sphalerite, within a network of narrow fractures 
within the shattered wall-rock . Freely grown gypsum 
crystals, up to 6 cm in length, occur within clay gouge 
along the fault plane. Gypsum also replaces some of the 
vein calcite and locally encrusts the unaltered lead, zinc 
and iron sulfides. 

The greatest development of secondary aluminium 
minerals at Hampstead Farm Quarry occurs in the 
south eastern sector where these minerals are closely 
associated with a horizontal zone of oxidization which 
has affected the pyrite sheet and underlying sulfide veins 
to a depth of about 3 m below the plane of 
unconformity. Oxidation of the veins is most advanced 
close to the shale/limestone contact. In areas where 
oxidation is complete, the veins comprise a cellular 
mixture of iron oxides, locally with manganese oxides, 
decalcified limestone and, close to the unconformity, 
corroded fragments of shale cemented by glassy 
allophane; white aluminium minerals may also occur. 
Angular cavities which probably represent the moulds 
of former gypsum crystals are developed within some of 
the iron oxide masses. The degree of oxidation of the 
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pyrite sheet and associated veins clearly relates to 
overburden thickness, being most advanced at the 
eastern end of the section, where the shales an; I m 
thick; abundant selenite encrusts the limestone in this 
area. The mineralization and the Rhaetic sedimentary 
rocks in the adjacent Southfields Quarry [ST 723 840] 
have been described by Curtis (l98Ia,b). 

EAST HARPTREE 
East Harptree is situated approximately 20 km to the 
south of Bristol, on the northern edge of the Central 
Mendip Pb-Zn orefield. During the period between the 
17th-19th centuries East Harptree was the centre of an 
important mining industry, initially for zinc and later 
for iron and manganese. The zinc, with minor lead, 
mineralization mostly occurs as a series of vertical , 
deeply oxidized veins, up to 50 cm wide, emplaced along 
a WNW set of fractures in the Dolomitic 
Conglomerate. In the Harptree area, intense 
hydrothermal silicification (Green , 1958), which largely 
post-dates the Pb-Zn mineralization, has locally 
converted the Dolomitic Conglomerate to massive 
chert. Similar patchy 'Harptree Bed' silicification has 
affected rocks of Keuper to Upper Inferior Oolite age 
throughout the Mendip region (Stanton, 1981). 

At East Harptree little of the zinc mineralization can 
be seen in situ. Mineralized waste rock from the dumps 
typically consists of heavily rotted, iron stained, 
partially silicified Dolomitic Conglomerate which is 
cavernous due to dissolution of the limestone clasts , 
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FIGURE 2. Sketch map of the area around Richmont 
Castle, East Harptree [ST 561 557] . 

and which is veined or impregnated by a variable 
mixture of barite, 'dry bone' smithsonite, iron oxides, 
and occasionally galena. Residual grains of pyrite, up 
to 1 mm diameter, are occasionally visible in the more 
massive, iron oxide-rich areas. The secondary 
aluminium minerals are intimately associated with the 
oxidized mineral veins. Waste rock containing these 
minerals is locally abundant in the dumps. 

Second generation barite, as fine scaley crusts of sub
millimeter sized tabular crystals, is widely present on all 
of the other minerals. White aluminium minerals are 
present in abundance in the adit [ST 561 557] (Fig. 2), 
where they are associated with smithsonite-bearing 
veins. Near the mine entrance the major vein attains a 
maximum thickness of 40 em, and consists of up to 10 
em of cavernous smithsonite along the vein margins, 
and a central filling of compact red clay. Allophane and 
white aluminium minerals are intimately associated 
with the smithsonite layers, and both encrust and fill 
cavities in this mineral. Faceted cavities up to 5 mm 
diameter, which now contain aluminium minerals and/ 
or rosettes of second generation barite, are developed in 
the red clay in both this and a smaller vein, having 
similar structure, which is visible in the end chamber of 
the adit. 

SECONDARY ALUMINIUM MINERALS 

ALLOPHANE, AI2Si05.nH20 
Allophane is the most abundant secondary aluminium 
mineral at both localities. It has a much wider 
distribution than the other members of this assemblage, 
but is always associated with the oxidized mineral veins, 
and at Hampstead Farm Quarry with areas of oxidized 
pyrite close to the Rhaetic/ Lower Carboniferous 
unconformity. It occurs mainly as massive, glassy, or 
waxy-looking, transparent to translucent, brittle (with 

conchoidal fracture), colourless-brown or black 
impregnations, cavity fillings (up to 1 cm diameter) and 
micro botryoidal, rarely microstalactitic or coralline 
cavity linings and encrustations up to 5 mm thick. An 
opaque chalky, porous and very friable, banded variety 
is particularly common at Hampstead Farm Quarry 
which is frequently associated with and grades into a 
vitreous form. Scanning electron microscopy shows the 
chalky allophane to consist of a disordered, loose 
aggregate of similarly sized microspheres, up to llJIll 
diameter. A similar structure has been observed also in 
chalky allophane that is being actively deposited in a 
stream bed at Silica Springs, New Zealand (Wells et al. , 
1977, Fig 2) . X-ray diffraction analysis of some of the 
chalky allophane from Hampstead Farm Quarry 
sometimes shows the presence of additional phases 
including quartz and scarbroite. Abundant carbonate, 
indicated by a vigorous reaction with 10% HCI is 
present in some samples for which X-ray diffractometry 
showed no clearly defined crystalline phases. Very 
similar chalky-looking material, which appears to 
consist of a variable mixture of allophane, quartz, 
gibbsite, scarbroite and what is probably a poorly
crystalline carbonate containing aluminium hydroxide 
gel (Serna et al., 1977) occurs in association with 
alumohydrocalcite and glassy allophane at Woodleaze 
Quarry [ST 656 885] approximately 8 km to the 
northwest of Hampstead Farm Quarry (Alabaster, 
1989). X-ray powder photographs of some samples of 
glassy allophane from East Harptree give weak patterns 
indicative of the presence of small amounts of included 
crystalline material, although in most cases the patterns 
are too faint to measure. At East Harptree allophane is 
invariably associated with halloysite or kaolinite, and 
intimate mixtures of either of these minerals with 
allophane are common. At both localities allophane is 
certainly one of the earliest minerals in the aluminium
bearing suite, although several generations can be 
recognized, in the form of mixtures with, or 
encrustations on, the other 'white minerals'. Qualitative 
microprobe analyses of selected specimens of allophane 
from East Harptree show a persistant zinc impurity. 

Wilmot and Young (1985) noted the occurrence of 
protoimogolite, a paracrystalJine aluminosilicate 
closely related to allophane, as a component of a similar 
assemblage of aluminium minerals in a sediment-filled 
sink hole in the Chalk near Brighton, Sussex. A search 
for imogolite and protoimogolite at the present 
localities, using X-ray diffractometry and powder 
photography, proved unsuccessful , however. 

BASALUMINITE, AI4SOiOH)IO.5H20 
During the present study basaluminite has been found 
only at Hampstead Farm Quarry. It occurs as 
monomineralic masses, up to 3.5 cm in diameter, in at 
least two veins, including the mineralized bedding
plane thrust (Fig. 2). In both veins basaluminate was 
seen to be intimately associated with uncorroded 
selenite crystals. In its purest form , basaluminate from 
this locality is a compact, earthy to porcellanous, 
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FIGURE 3. (a) Scarbroite, showing 'chicken-wire' texture, East Harptree; (b) tabular, rhombic crystals of 
scarbroite, East Harptree; (c) sphaeroidal clusters ofscarbroite crystals, Hampstead Farm Quarry; (d) detail of Fig. 
3c showing stacking of rhombic crystal plates; (e) rootlet replaced by allophane and scarbroite, Hampstead Farm 
Quarry; (f) tabular, rhombic crysta ls of basaluminite, Hampstead Farm Quarry; (g) para-alumohydrocalcite 
crystals, Hampstead Farm Quarry; (h) hemispherical spray of acicular para-aluminohydrocalcite crystals, showing 
typical spikey appearance of such clusters, Hampstead Farm Quarry; (i) detail of Fig. 3h showing bunching of 
acicular para-alumohydrocalcite crystals to form individual 'spikes' . 
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brittle, white mineral which sometimes has a slightly 
pearly lustre. Electron microscopy shows it to consist of 
a mass of randomly orientated tabular, rhombic 
crystals (Fig. 31) which bear a close similarity to those of 
scarbroite. 

Hydrobasaluminite has not been identified positively 
from this locality although XRD traces of some white, 
basaluminite- and scarbroite-containing aluminous 
material from small solution-enlarged pockets in the 
limestone immediately underlying the partially 
oxidized pyrite sheet gave additional peaks which can 
be ascribed to hydrobasaluminite. Hollingworth and 
Bannister (1950) found that hydrobasaluminite readily 
and irreversibly dehydrates to basaluminite if allowed 
to dry. In veiw of this it is quite possible that a large part 
of any hydrobasaluminite originally present in this 
material altered to basaluminite during preparation of 
the air-dried, XRD slides. Quarry operations prevented 
further collection of fresh material. Clayton (1980) 
recorded basaluminite with gypsum as encrustations on 
the surface of scptarian nodules which had 
accumulated on the floor of a clay pit at Chickerell, 
Dorset. Prolonged exposure to the atmosphere is 
believed to have caused dehydration of primary 
hydrobasaluminite, found in situ encrusting unexposed 
nodules. At Hampstead Farm Quarry both of the 
basaluminite-bearing veins had been exposed to the 
atmosphere for many months prior to sampling. 
Basaluminite has previously been found in association 
with scarbroite at Scarborough, Yorkshire (Ryback, 
1989). 

DUNDASITE, PbAIl C03MOH)4. H20 
Dundasite occurs at both East Harptree and 
Hampstead Farm Quarry, but appears to be much 
more abundant at the latter locality . At East Harptree 
dundasite was found on only two specimens, 
compnsmg cavernous, mineralized Dolomitic 
Conglomerate dump material. It occurs as white, 
smooth, pearly-looking hemisheres with radiating 
internal structure, pin cushion-like splays of acicular 
crystals (both up to 0.3 mm diameter) botryoidal crusts 
and silky mats of acicular crystals which encrust 
allophane, scarboite, and the microcrystalline dolomite 
cavity walls . In one cavity dundasite was seen to encrust 
the broken edge ofa botryoidal sheet of an unidentified 
Zn-bearing aluminosilicate mineral. In all cases 
dundasite appears to be the last mineral to grow. 
Qualitative microprobe analysis shows Zn to be a 
minor impurity. Zinc-bearing dundasite has previously 
been described from the Pb-Zn mines of Gonessa 
(Sardinia) by Beaumont and Guillemin (1960), who 
suggested that the zinc is partially substituting for lead. 

At Hampstead Farm Quarry dundasite was found in 
two partially oxidized galena-bearing veins in the 
south-east sector of the quarry. The vast majority was. 
obtained from the more completely oxidized vein which 
averages 5 cm in width emplaced along an E-W joint in 
the limestone. The vein contains corroded lumps and 
strings of galena set in a cavernous iron oxide rich 

matrix, with abundant allophane, together with 
powdery scarbroite cavity-fillings. In this vein 
dundasite has a very similar mode to that at East 
Harptree, mostly encrusting the walls of allophane
lined cavities in the ochreous veinstone. The main 
habits shown by the dundasite consist of white, smooth, 
compact hemispheres up to 0.2 mm diameter and 
composed of bladed, compound crystals (Fig. 4g); 
pincushion-like splays of well -terminated acicular or 
prismatic crystals, up to 0.2 mm diameter, (Fig. 4i); and 
thin botryoidal crusts of bladed or acicular crystals, and 
silky mats of fibrous crystals. Fa'fl , or bow-tie-like 
clusters of crystals (Fig. 41) are often associated with the 
hemispheres or botryoidal crusts and appear to 
represent intermediate stages in the development of 
these forms. Less commonly, nest-like structures (Fig. 
4h) are found encrusting the surface of some of the mats 
of fibrous crystals. These may represent partial 
encrustations around crystals of an earlier mineral 
which has since been dissolved away. In the more 
extensive coverages all these forms may be developed 
and, with the exception of the 'nests', can be seen to 
grade into each other. Dundasite is usually underlain by 
a thin layer of allophane, but direct encrustations were 
seen on the ochreous substrate, galena, cerussite, barite 
and the scarbroite cavity-fillings. In the latter case, the 
scarbroite rhombs underlying the dundasite crust often 
appear to be corroded. 

In the second vein, emplaced along the bedding plane 
thrust (Fig.2), dundasite likewise occurs as smooth 
hemispheres, botryoidal crusts, 'fans ', and thin dustings 
of sub-millimetre-sized crystals. Dundasite is both 
underlain and locally encrusted by allophane, and in a 
few of the gypsum-bearing cavities both encrusts and is 
encrusted by colourless euhedral selenite crystals. 
Basaluminite, scarbroite and an unidentified Zn 
mineral similar in appearance to the dundasite also 
occur in this vein. Calcium, and in one specimen 
strontium, were found by qualitative microprobe 
analysis as minor impurities in dundasite from this 
locality. Dundasite has previously been recorded from 
seven other localities in the British Isles (Prior, 1905; 
Russell , 1944; Lloyd and Barstow, 1983), where in each 
case it is associated with oxidizing galena-bearing veins. 
At four of these localities (Prior, 1905; Russell, 1944) it 
is accompanied by allophane. 

GIBBSITE, Al(OH)] 
Gibbsite is sparingly developed at both Hampstead 
Farm Quarry and East Harptree, although it is most 
abundant at East Harptree, where it occurs as 
crystalline, monomineralic, white, powdery to 
porcellaneous cavity fillings, up to 3 cm diameter. It was 
also found mixed with halloysite and kaolinite in some 
of the mineralized conglomerate on the dumps. 
Gibbsite has not been found in any of the veins in the 
adit. Some of the porcellarieous gibbsite is seen to grade 
into a very poorly crystalline, locally carbonate
containing, translucent, opalescent variety. It is 
probable that this material corresponds, in part, to a 
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FIGURE 4. (a) Well terminated acicular para-alumohydrocaIcite crystals, from the end of a 'spike' in Fig. 3i, 
Hampstead Farm Quarry; (b) acicular para-alumohydrocalcite crystals encrusting a mass of corroded aluminous 
material, Hampstead Farm Quarry; (c) prismatic, alumohydrocaIcite-like crystals, Hampstead Farm Quarry; (d) 
trigonal-looking Zn-rich hydrocalcite crystals, East Harptree; (e) hexagonal-looking crystals of a zinc-rich 
hydrotalcite set in a groundmass of smaller crystals of similar composition, East Harptree; (f) bow tie-like clusters of 
dundasite crystals, Hampstead Farm Quarry; (g) detaj) of the surface of a smooth, pearly-looking hemispherical 
cluster of dundasite crystals. Individual bladed crystals have grown together to give complex, compound forms , 
Hampstead Farm Quarry; (h) nest-like clusters of acicular, dundasite crystals developed upon a mat of similar 
crystals, Hampstead Farm Quarry; (i) pincushion-like splay of bladed dundasite crystals, Hampstead Farm Quarry. 
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poorly crystalline carbonate-containing aluminium 
hydroxide gel similar to that which Serna et al.( 1977) 
considered to differ from scarbroite only in crystal size 
and degree of ordering. None of the other polymorphs 
of AI(OH)3 have been recorded from either locality. 

HALLOYSITE, AI2Si 20 s(OH)4 
Halloysite has been found only at East Harptree during 
the present investigations. Most specimens were 
obtained from the dumps, where it variously occurs as 
relatively pure, well-crystallized monomineralic cavity 
fillings, up to 4 cm diameter, veinlets, and 
impregnations in the mineralized conglomerate. X-ray 
diffraction analysis shows it to be the fully hydrated loA 
form. Two distinct types can be recognized : I) a waxy
looking, hard, brittle, translucent, white-brown variety 
which breaks with a conchoidal fracture; and 2) a 
similarly-coloured, compact, chalky-looking variety. 
Both these varieties occur together and in fact are seen 
to grade into each other. The chalky halloysite has a 
microporous structure, as revealed by SEM, whilst at 
similar magnifications the translucent variety appears 
uniform and featureless . Zinc is present in both types as 
a very minor impurity. Small pockets of a waxy
looking, translucent, poorly-crystalline halloysite-Iike 
mineral occur in association with scarbroite and 
hydroscarbroite in the larger of the two veins in the adit. 
Scarbroite and hydroscarbroite, with accessory 
alumohydrocalcite, have previously been found in 
association with a clay mineral, tentatively identified as 
halloysite (Ryback, 1989), in a sandstone fissure-filling 
near Weston Favell, Northamptonshire (King, 1982). 

HYDROT ALCITE, Mg6AliC03)(OH)16.4H20 
An X-ray powder diffraction pattern which closely 
matches that of hydrotalcite (1. Francis, personal 
communication) was obtained from a sample of 
colourless botryoidal allophane from East Harptree, 
which lined a cavity in smithsonite from the prominent 
vein in the end-chamber of the adit (Fig.2). X-ray 
analysis of the same material gave only the broad, 
essentially featureless diffraction pattern of allophane. 
Scanning electron microscopy revealed no evidence of 
any phases other than allophane. These observations 
suggest that hydrotalcite is finely dispersed throughout 
the allophane at a concentration of < 5% by volume, 
this being the lower limit of detection by the 
diffractometer. A search for further examples of 
hydrotalcite-bearing allophane proved unsuccessful. 
The hydrotalcite-bearing allophane is overlain by a thin 
continuous crust of colourless, brittle, Zn-bearing 
crystals, some of which give X-ray powder diffraction 
patterns close to that of hydrotalcite (J. Francis, 
personal communication). X-ray diffraction patterns 
obtained from identical crystalline crusts elsewhere on 
the same specimen, as well as from cavities in dump 
material and the vein outcrops in the adit and trial 
cutting, match very closely published data for synthetic 
Zn-hydrotalcite (Thevenot et al., 1989, table 2, C-F) . 
Microprobe analysis of selected specimens from East 

Harptree shows major Zn and AI, along with minor Mg 
in a single sample. 

The crystalline crusts typically consist of a jumbled 
mass of slender, prismatic crystals, up to 20J1!I1length, 
composed of 3 equal prism faces with a large triangular 
pinacoid termination (Fig. 4d). Many of these crystals 
have a straight or slightly curved taper towards the 
apex. A strong basal cleavage is locally visible on the 
prism faces. Large, triangular or hexagonal prisms, up 
to 50j.lm in length, are sparingly distributed throughout 
the crusts of smaller crystals, either singly or in small 
clusters (Fig. 4e). The hexagonal prisms sometimes 
show alternating development of broad and narrow 
prism faces, or squat triangular prismatic overgrowths 
on the pinacoid face . The crystals are too small for a 
detailed optical examination but appear to be length 
fast with straight extinction. The crusts are almost 
invariably underlain by allophane but direct 
encrustations have been seen on kaolinite as well as 
some of the other poorly crystalline and unidentified 
aluminous phases. In general the crusts of triangular 
prismatic crystals are the last mineral to grow in the 
host cavities, although locally they are found to be 
encrusted by second generation calcite or barite. 

KAOLINITE, AI2Si20 s(OH)4 
To date, kaolinite has only been found at East 
Harptree. Relatively pure, monomineraJic, off-white, 
chalky, banded or massive waxy-looking cavity linings 
(up to 5 mm thick), and cellular or micro botryoidal 
impregnations and replacements locally with admixed 
halloysite and in places allophane, occur in the 
mineralized conglomerate in the dumps. The chalky 
cavity linings readily split along the banding and are 
usually underlain by, and grade into, powdery or 
micro botryoidal kaolinite , the latter often associated 
with allophane. X-ray diffraction analysis shows that 
both the waxy and chalky kaolinite are well crystalline. 
Thin (usually < I mm) white, earthy, or compact and 
horn-like crusts of kaolinite, often accompanied by 
colourless allophane, line cavities in some of the 
smithsonite in the adit. In the major vein, cellular 
kaolinite was found to have replaced what appears to 
have been a limestone pebble in the red clay. Qualitative 
microprobe analysis shows zinc to be a significant 
impurity in the chalky, banded cavity-linings. It is not 
known in what form the zinc is present, but the near 
lack of carbonate, or of any other detectable crystalline 
phases other than the kaolinite, suggests that 
smithsonite, a common impurity in the horn-like and 
powdery crusts, is not a major contributor. 

PARA-ALUMOH YDROCALCITE, 
CaAI2( C03M 0 H)4' 6H20 
Para-alumohydrocalcite was found in situ at the south 
end of Hampstead Farm Quarry, approximately 4 m 
below the plane of unconformity. It forms a very 
localized series of interconnected, white, vuggy veinlets, 
up to 1 mm thick, filling allophane-lined fractures in the 
sandy, iron-stained and partially decalcified limestone 
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wall rock of a large (to 60 cm wide) clay-filled fissure. 
The structure of the veins varies from continuous 
encrustations of slightly divergent sprays of acicular 
crystals, up to 50J11l1 in length, which grew inwards from 
both walls of the fracture, to convoluted box works of 
thin sheets of corroded amorphous aluminous material 
which are encrusted on one or both sides by similar 
crystal growths (Fig. 4b). Where space permits, the 
crystals invariably show euhedral terminations (Figs 3g 
and 4a). Hemispherical sprays of fibrous crystals are 
usually developed within the vugs. In every specimen 
examined, groups of adjacent crystals were found to be 
clumped together producing, overall, a distinctly spikey 
structure to the hemisphere (Fig. 3h,i). The veins grade 
into discontinuos silky-looking mats of fibrous crystals 
(up to 30J11l1 in length) which encrust the walls of the 
host fractures. Para-alumohydrocalcite was first 
described by Srebrodol'skii (1974, 1977) from two 
localities in the U.S.S.R., where it occurs in association 
with gypsum, calcite, quartz, and alumohydrocalcite in 
the oxidized zone of deposits of native sulfur. To date, 
Hampstead Farm Quarry is only the third locality for 
this minerai. 

Srebrodol'skii (1974, 1977) did not establish the 
symmetry of para-alumohydrocalcite. The very small 
size of the crystals from Hampstead Farm Quarry 
precluded detailed optical investigations. Examination 
of approximately 100 crystals, deposited onto a glass 
slide from aqueous suspension, showed them to be 
length-slow with extinction angles up to 15", although 
most of the crystals have extinction angles of 5° and 
indeed straight extinction was seen in many cases (R. 
Bradshaw, personal communication). Alumohydro
calcite is triclinic, but other members of this group of 
minerals are either monoclinic or orthorhombic. The 
limited optical data for the Hampstead Farm para
alumohydrocalcite crystals suggests monoclinic sym
metry. Alumohydrocalcite was provisionally identified, 
on the basis of its crystal morphology, as a very minor 
accessory mineral in the para-alumohydrocalcite 
although insufficient material was available for 
confirmation by X-ray diffraction. Adjacent to the 
hemispheres individual alumohydrocalcite-like crystals 
project through the associated mats of acicular para
alumohydrocalcite crystals (Fig. 4c). 

SCARBROITE, Als(C03)(OH) J3 .5H20 
Scarbroite is very common at both East Harptree and 
Hampstead Farm Quarry. At East Harptree the dumps 
have yielded numerous specimens where scarbroite, in 
places accompanied by hydroscarbroite, variously 
occurs as massive, compact, chalky-looking, white 
microgranular cavity fillings, up to 4 cm in diameter, 
and in thin veinlets in the mineralized conglomerate. In 
addition, scarbroite, hydroscarbroite and a poorly 
crystalline scarbroite-like phase occur in abundance in 
the major smithsonite-bearing vein in the adit. In both 
dump material and the vein the larger scarbroite masses 
are invariably composed of tightly packcd masses of 
smaller pellets which are separated from each other by a 
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discontinuous pellicle which contains allophane, 
kaolinite, halloysite and in the vein, red clay (Fig. 3a). 
In the vein the scarbroite and related minerals appear to 
have replaced some of the red clay matrix. 

X-ray diffraction analysis of the hydroscarbroite
scarbroite mixtures from the vein shows a complete 
graduation from well-crystalline to poorly-crystalline 
material, the latter commonly showing only a single 
broad ragged peak, corresponding to the 003 basal 
reflection (Duffin and Goodyear, 1960) ,centred within 
the range 8.75 - 8.52A. The latter material may grade 
over a distance of 1-2 cm into an X-ray-amorphous 
carbonate-containing phase. Electron micrographs 
show the well-crystalline scarbroite to consist of a 
tightly packed array of randomly oriented rhombic 
crystals (Fig.3b); specimens giving a single ragged basal 
reflection contain much amorphous material and the 
rhombs may be poorly formed or indistinct. It may thus 
be more accurate to describe this mineral , which in 
hand specimen looks identical to the well-crystallized 
scarbroite and hydroscarbroite, as a scarbroite-Iike 
phase. Similar material occurs on the dumps. 

Qualitative microprobe analyses of three samples 
from the dumps and three from the adit showed 
variable but minor impurities of Zn, Si and in three 
specimens S. Si contents almost certainly reflect the 
presence of one or more unidentified admixed 
aluminosilicate minerals; porcellaneous-Iooking 
mixtures of scarbroite and allophane have been found 
in dump material. Silica has previously been reported in 
analyses of scarbroite from the two other British 
localities (King, 1982) but the form in which it is present 
was not established. 

At Hampstead Farm Quarry, scarbroite is second 
only to allophane in abundance. Massive, earthy to 
compact, white cavity-fillings, similar in appearance to 
those from East Harptree, are common in the iron oxide 
residue from the pyrite sheet. X-ray diffraction analysis 
shows that much of this material is very poorly 
crystalline and that mixtures with allophane are com
mon. Qualitative microprobe analysis shows a persisent 
although minor sulfur impurity. Scarbroite-hydro
scarbroite mixtures have not been found in direct 
contact with the pyrite but unaltered pyrite may occur 
in close proximity. Scarbroite-hydroscarbroite mix
tures also form the dominant component of the 'white 
mineral' filling to small, solution-enlarged pockets in 
the limestone immediately below the pyrite sheet. X-ray 
diffraction analysis shows that in this environment, the 
scarbroite-hydroscarbroite mixtures are often 
accompanied by small (up to 2 cm) concentrations of 
basaluminite and possibly hydrobasaluminite. 

Well-crystallized scarbroite cavity fillings are widely 
developed in the cellular, iron oxide- and allophane
rich upper portions of the oxidized sulfide veins. The 
scarbroite typically occurs as loose aggregates of 
microspheres 20-40J11l1 in diameter, which are com
posed of stacks of tabular, rhombic microcrystals (Fig. 
3c, d). A similar habit was noted by King (1982, plate 4) 
in scarbroite-hydroscarbroite nodules from Weston 



Favell, Northamptonshire. At Hampstead Farm 
Quarry vitreous-looking mixtures of scarbroite and 
allophane, and less commonly shard-like fragments of 
allophane set in a massive scarbroite-hydroscarbroite 
matrix, also occur in this environment. X-ray 
diffraction traces sometimes indicate the presence of 
accessory basaluminite. 

In the south-eastern corner of the quarry, where the 
shale cover is thinnest, some of the allophane-rich vein 
material contains plant rootlets which have been 
impregnated and largely replaced by allophane (Fig. 
3e). Unreplaced, flexible root-tissue is present locally. 
Microbotryoidal crusts, individual microspheres, and 
amorphous masses of scarbroite are sometimes found 
encrusting the outer surface of the rootlets and filling 
internal voids. Although the state of preservation ofthe 
plant remains is generally poor, they appear to include 
species which presently grow in this area (D. Edwards, 
personal communication). Allophane-replaced 
rootlets, accompanied by scarbroite, have been seen in 
situ approximately 50 cm below the plane of 
unconformity. 

Scarbroite was also found within one of the clay
filled sink holes. A 10 cm thick layer of ochreous clay 
adjacent to the limestone wall-rock was seen to contain 
numerous flattened, hard, chalky-looking nodules, up 
to 2 cm in diameter, which consist of poorly crystalline 
scarbroite and hydroscarbroite admixed with 
allophane. The nodule-bearing band extended to a 
depth of about 1 m below the plane of unconformity. 
Unoxidized pyrite was present elsewhere within the 
partially excavated sink-hole. A pale brown earthy 
phase which was associated with and which locally 
encrusted the nodules was tentatively identified in XRD 
traces as poorly crystalline gibbsite with accessory 
quartz. 

DISCUSSION 

At both Hampstead Farm Quarry and East Harptree a 
similar range of secondary aluminium minerals is 
closely associated with deeply oxidized, pyritiferous, 
carbonate-hosted hydrothermal veins. Two of the 
quantitatively-important aluminium minerals 
(scarbroite and allophane), as well as dundasite and 
gibbsite, are common to both localities. Gypsum and 

basic aluminium sulfates occur at Hampstead Farm 
Quarry and the former presence of these minerals is also 
indicated at East Harptree. Taken together, these 
observations suggest a broadly similar paragenesis for 
both assemblages. 

Strongly acidic solutions, resulting from the 
weathering of pyrite and capable of leaching AI, Si and 
other cations from clays, have been instrumental in the 
development of pockets of aluminium minerals at many 
localities world-wide (e .g. Ross and Kerr, 1935; Wilmot 
and Young, 1985). A similar process is thought to have 
been involved at both East Harplree and Hampstead 
Farm Quarry. 

On encountering limestone, sulfate-bearing solutions 
would initially react to form gypsum. Progressive 
neutralization of the solutions, resulting in a decrease in 
the solubility of aluminium, would have led to the 
precipitation of aluminium compounds. Experimental 
evidence (Adams and Hajek, 1978) suggests that basic 
aluminium sulfates, such as basaluminite, will be 
amongst the earliest minerals to form. Aluminium 
hydroxides begin to dominate the assemblage only 
when the S04: Al molar ratio falls below about 0.5 
(Adams and Hajek, 1978, fig. I). Gibbsite typically 
crystallizes under neutral to mildly acidic conditions. 
Bardossy and White (1979) showed experimentally that 
aluminium in aqueous solution has a high affinity for 
CO/-, and to a lesser extent SO/- . Well-crystalline 
gibbsite will thus only form in a virtually carbonate-free 
environment. This probably accounts for the scarcity of 
gibbsite and the abundance of scarbroite and related 
minerals at the present localities. 

In aqueous solution, the solubility of silica increases 
as the pH is raised. However, precipitation of 
aluminosilicate gels of variable composition could 
readily occur as a result of reactions between the 
oppositely-charged colloidal sols of silicic acid and 
alumina (Hollingworth and Bannister, 1950). These 
gels could either solidify as allophane or further react 
and crystallize to halloysite, kaolinite, and gibbsite. 
Adsorption of silica onto colloidal ferric hydroxide as 
well as the direct precipitation of opaline silica could 
also be expected to occur in this environment. Close 
structural relationships have either been demonstrated 
or inferred to exist between gibbsite, scarbroite and 

Erosive cutback of shales & clays; 

Shale cover absent; 
oxidized veins deVOid of 
secondary AI-minerals 

migration of zone of pyrite oxidation 

I Zone of pyrite oxidation I 

• & formation of secondary I 

AI-minerals. 
I Mineralized plant roots 
I in some veins ______ 

LIMESTONE 

RHAETIC & LOWER JURASSIC 
SHALES & CLAYS 

Unoxidized pyrite sheet and veins 

FIGURE 5. Diagrammatic representation of the environment of formation of secondary aluminium minerals at 
Hampstead Farm Quarry. 
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hydrotalcite (Brindley, 1980), and scarbroite and 
basaluminite (Clayton, 1980); at the present localities, 
dundasite, alumohydrocalcite and para
alumohydrocalcite are all late-stage minerals. Which of 
these minerals are actually formed will depend upon the 
precise physical and chemical conditions, which can be 
expected to vary over short distances and with time. 

The time of formation of the secondary aluminium 
mineral suites, particularly that at East Harptree, is 
uncertain. At Hampstead Farm Quarry the aluminium 
minerals appear to have a very limited lateral 
development, occurring beneath the feather edge of the 
Rhaetic and Lower Jurassic shales (Fig. 5). The close 
relationship between overburden thickness, degree of 
oxidation of the pyrite and the presence of secondary 
aluminium minerals, the abundance of gypsum and 
basic aluminium sulfates, and the occurrence of 
'modern' plant roots in varying stages of replacement 
by allophane and scarbroite, all suggest that this is a 
very recent and probably actively-forming deposit. By 
reference to Figure 5, it can be seen that as the shales are 
eroded back, the zone of pyrite oxidation and 
secondary aluminium mineral formation will steadily 
advance along a rolling front. Unroofing of the 
aluminium mineral-containing veins and pockets along 
the trailing edge of this zone would lead to alteration 
(perhaps with formation of minerals such as dundasite, 
alumohydrocalcite and para-alumohydrocalcite), and 
finally destruction of this assemblage as they became 
subjected to direct subaerial weathering. It is thus 
possible that many of the ochreous pockets and veins 
which crop out elsewhere in the quarry, where the shales 
are absent, once contained a similar range of secondary 
aluminium minerals. At East Harptree the aluminium 
minerals are clearly younger than the smithsonite 
mineralization. It is generally accepted (Green, 1958; 
Ford, 1976) that the smithsonite deposits of the Bristol 
district are the products of Tertiary age supergene 
alteration. The common occurrence of unaltered grains 
of pyrite and locally sphalerite within these veins shows 
that the process has not yet gone to completion. The 
secondary aluminium suite is dominated by carbonate
containing minerals. No discrete aluminium sulfates 
have been found, but the presence of angular cavities of 
simliar appearance to gypsum crystal moulds from 
Hampstead Farm Quarry in the red clay filling of the 
two prominent veins in the adit suggests that these 
minerals may well have been present at one time. The 
scarcity of aluminium sulfates may thus be an 
indication that this assemblage developed slowly, 
during which time most of the available pyrite was 
consumed and the resulting aluminium mineral suite 
was able to come into equilibrium with its carbonate
rich environment. 

The accumulation of large quanities of aluminous 
material derived from presumably' dilute leach
solutions requires somewhat specialized conditions 
such that the fluids can be trapped and possibly undergo 
concentration at the site of deposition . At Hampstead 
Farm Quarry the presence of groudwater seepages 
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along the Rhaetic/Lower Carboniferous unconformity 
suggests that prior to quarrying some degree of 
'ponding' of the downward-moving aluminous 
solutions at this horizon was able to occur. At East 
Harptree the present-day position of the smithsonite 
veins near Richmont Castle, on a well-drained plateau 
bounded by valleys on two sides, makes the ponding of 
significant amounts of mobile ground waters very 
unlikely. Reynolds (1927) proposed that the steep-sided 
'youthful' valleys and gorges on the flanks of the 
Mendip Hills, such as Harptree Coombe, are periglacial 
features carved out by surface runoff over deeply frozen 
ground. In a periglacial environment the resulting 
changes in the near-surface groundwater flow patterns 
could easily have led to the trapping and concentration 
of aluminous solutions and the development of 
aluminium minerals. Modified groundwater flow 
regimes during periglacial conditions are thought to 
have been responsible for the formation of similar 
assemblages of aluminium minerals elsewhere in the 
U.K. (Hollingworth and Bannister, 1950; King, 1982; 
Wilmot and Young, 1985; Alabaster, 1989). With the 
onset of milder conditions, restoration of the free 
movement of subsurface waters could have caused the 
dissolution of many of the earlier-formed pockets of 
aluminium minerals . Only those which were in some 
way protected from attack would have survived to the 
present day. The isolated pockets of aluminium 
minerals in the Richmont Castle area may thus be the 
remnants of a much more ex tensive development. If this 
is the case, it is probable that further occurrences of 
secondary aluminium minerals , associated with the 
oxidized Pb-Zn veins, are to be found elsewhere in the 
Central Mendip Orefield. Some support for this 
suggestion is provided by the recent discovery by the 
author of small amounts of poorly-crystalline gibbsite, 
associated with the ochreous residue from a pyrite
bearing vein, in a clay-filled fissure in the Carboniferous 
Limestone at Batts Coombe Quarry [ST 460 550], near 
Cheddar. 
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MATTHEW FORSTER HEDDLE (1828-1897), 
FAMOUS SCOTTISH MINERALOGIST 

A. LIVINGSTONE 

Department of Geology, Royal Museum of Seotl,and, Chambers Street, Edinburgh EH I IJF 

Matthew Forster Heddle was born in Hoy, Orkney, on 
the 25th April , 1828. At the age of fourteen he was 
orphaned, whereafter he was brought up by three 
relatives. By this time Edinburgh had become a famous 
centre for medical and natural history studies with the 
teachings of Professor Robert Jameson prominent in 
the latter field . The young Heddle attended schools in 
Edinburgh (at Merchiston between 1842 and 1844) and 
with characteristic vigour soon founded a Natural 
History Society at Merchiston. Thus began a life's 
obsession with collecting and in particular collecting 
minerals. 

FIGURE 1. M.F. Heddle - Professor of Chemistry, 
University of St. Andrews. 

In 1851 Hedd~e graduated from Edinburgh Uni
versity in medicine, although prior to graduation he 
spent two years studying physics and chemistry at 
Clausthal and Freiburg, in Germany. For the next five 
years he was a general practitioner in Edinburgh, but he 
never cared for the profession . Having only few patients 

provided Heddle with ample time and opportunity to 
further his major interests. He profitably studied both 
museum and private mineral collections, devoting 
considerable time to field collecting, especially zeolites 
from the Faroe Islands. Additionally, in 1851, he 
became President of the Geological Society of 
Edinburgh. 

The extensive natural history collections amassed by 
Professor Robert Jameson caused intense pressure on 
space in the Old College Museum at Edinburgh 
University. Public demand for a new museum grew and 
in 1854 the Industrial Museum of Scotland was 
founded. It was to this Museum (currently called the 
Royal Museum of Scotland) that Heddle subsequently 
donated his minerals (including his large agate 
collection) and rocks . In 1856 he became Assistant 
Professor of Chemistry then full Professor in 1862 at the 
University of St. Andrews, where he was to spend the 
rest of his life. Within the city Heddle moved house 
several times and through sale advertisements in old 
newspapers it is possible to monitor his house-to-house 
moves. 

Academic life brought long periods in the summer 
which saw him actively engaged in fieldwork, whereas 
winter periods were devoted to the study of collected 
material. He produced thin sections, polished rock 
slabs and agates by the thousands, and gradually 
amassed a superb collection of Scottish minerals . A 
profusion of high-quality scientific papers followed 
(mainly between 1876 and 1884) in which he detailed 
the geology of areas, described minerals and erected 
such names as totaigite, tobermorite, craigtonite, 
rubislite, etc. Today, however, only tobermorite stands 
as a valid species (Heddle, 1880). Approximately 500 
mineral species are now known from Scotland of which 
162 currently valid species were known to Heddle in 
1901 (Macpherson and Livingstone, 1982t Heddle 
was a prolific analyser, as attested by the very large 
number of mineral analyses I presented in The 
Mineralogy of Scotland (Heddle, 1901). A considerable 
number of these analyses contain 7 to 10 reported 
oxides, especially in the silicate section and it must be 
recalled that when utilising the classical method of 
silicate analysis (largely gravimetric techniques) of 
Washington (1918) only approximately I to 1.5 full 
silicate analyses of 11 oxides could be performed per 
week even as late as the mid to late 1950's. At about this 

I Heddle produced several papers detailing minerals new to Britain, while in Spencer's lists of '898 and' 931 (see Embrey, P.G. , Facsimile reprint 
1977 of Greg and Lettsom's 1858 Manual of the Mineralogy of Greal Britain and Ireland) Heddle was responsible for 24% of British species 
entries. 
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period the rapid methods of Shapiro and Brannock 
(1952) and Riley (1958) and X-ray fluorescence 
techniques came to prominence. In Heddle's days alkali 
determinations were particularly laborious. Table I 
details the number of analyses published in The 
Mineralogy of Scotland (Heddle, 1901) for common 
rock-forming minerals and the number performed 
actually by Heddle. Perhaps, surprisingly, Ti02 was 
not sought at that time in amphiboles and pyroxenes, 
although Heddle did analyse for this oxide in ilmenite. 
Some of his chemical analyses were excellent, such as 
those for saponite and pyrope, whereas others are 
difficult to interpret. Very little of Heddle's analytical 
techniques, apparatus or notes are known as few 
documents relating to this field survive today. 

TABLE I 
Analyses of rock-forming minerals (A) quoted in The 

Mineralogy of Scotland and number attributed to 
Heddle (B); most analyses reported 7-10 oxides. 

A 
B 

74 
62 

2 

34 
31 

3 

35 
34 

4 

15 
13 

5 

89 
79 

6 

87 
38 

Total 

334 
257 

I: feldspars; 2: pyroxenes; 3: amphiboles; 4: garnets; 5: 
micas and chlorites; 6: zeolites. 

Heddle produced well over 50 high-quality scientific 
papers. He published mainly in the Transactions of the 
Royal Society of Edinburgh and in the Mineralogical 
Magazine published by the Mineralogical Society of 
which he was a founder member and second president 
(1879-81). In his closing years, with failing health, 
Heddle continued to publish, some papers even 
appearing after his death in 1897. For his researches on 
the rhombohedral carbonates and feldspars, The Royal 
Society of Edinburgh awarded him the Keith Gold 
Medal in 1878 (Fig. 2). 

Heddle and Patrick Dudgeon of Cargen were great 
friends and the latter owned a yacht. During vacations 
they sailed together along extensive stretches of the 
Scottish coastline, frequently landing to collect 
specimens. Many of Heddle's specimens in fact came 
from secluded coastal localities of difficult access, a 
feature which now serves to enhance their scientific and 
historical values. One such locality ('for stilbite in fine 
crystals up to 2" long'), at Sgurr nam Boc, on the Isle of 
Skye (NG 359 210), is a beach a few yards wide at the 
foot of an almost vertical 215 metre (700 foot) cliff. On a 
calm sea the author, together with colleagues failed to 
achieve a landing on this beach, in spite of considerable 
expertise provided by local fishermen. The situation is 
aptly summed up in Heddle's own words The special 
danger of the coast is, however, due to the 

FIGURE 2. Obverse and reverse of The Royal Society of Edinburgh's Keith Gold Medal (RMS 1982.2). Actual size 
4.5 cm diameter, weight 93.13 gm, 9ct. gold . Purchased from Mrs Littlejohn (nee Heddle). 
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FIGURE 3. Stilbite up to 5 cm in length in basalt; Sgurr 
nam Boc, Isle of Skye. Heddle collection specimen 
RMS 443.24. It was a condition in his Will that 'every 
specimen have "Heddle Collection" on its ticket.' 

extraordinary distances to which great masses of rock 
have rebounded seawards in their fall from cliffs, which 
are at most points over 700, . .. A maze of hidden 
danger has to be threaded; the altogether unexpected 

2 See for further details, personal profile, etc. 

swell and break of a surf all around the boat has to be 
encountered; only on two occasions has a landing been 
successfully accomplished. .. .' (Heddle, 1893). Only 
two landings must have frustrated Heddle somewhat 
for in boyhood he'd been 'accustomed to trust himself 
alone in a small boat in which he often traversed the 
wild seas of the Orkneys' (Goodchild, 1897)2. 

Heddle was of considerable stature, possessed great 
strength and endurance3

, and carried a 28 lbs hammer. 
Furthermore, he favoured the use of black powder on a 
number of occasions. A mineralized specimen weighing 
some 2 cwt, known as the Ben Bhrech Boulder 
(specimen No. RMS Geo!. 315.6) from Tongue, 
Sutherland (now in Highland Region) is one of the 
largest Heddle specimens in the collection and typifies 
the situation, for it must be recalled that Heddle 
collected before many of the railways in Scotland were 
constructed, and before Ordnance Survey maps were 
available. 

In 1858 Heddle contributed extensively to and 
practically edited Greg and Lettsom's Mineralogy of 
Great Britain and lreland, as well as making 
considerable contributions of data to this work. A 
second mineralogical masterpiece was to follow, 
however, for in retirement he commenced writing his 
famous work The Mineralogy of Scotland, which was 
posthumously edited by J,G. Goodchild4

, an officer of 
the Geological Survey of Scotland billeted in the Royal 
Museum of Scotland. 

Dudgeon's collection (approximately 2,000 
specimens) and Heddle's collection (approximately 
7,000 specimens)5 were donated to the Royal Museum 
of Scotland in 1890 and 1894, respectively. Heddle 
assisted in arranging his collection for display which 
was opened to the public in 1895. The Scotsman 
newspaper described the collection as 'the finest 
national collection of anyone country in the world.' 

Heddle's collection (now amalgamated into the 
Scottish Mineral Collection, comprising approximately 
15,000 specimens) is a truly great heritage collection. 
Such a collection could not be assembled today if only 
for the fact that many of the original collecting sites 
have long since disappeared. As decades pass the value 
of the collection increases in view of it being a latent 
data base. 

As a fitting finale to Scotland's greatest mineralogist 
one of Heddle's specimens contained an unknown 
mineral which was later named mattheddleite in his 
honour (Livingstone et al., 1987) . 

, He was a keen mountaineer and traced his wanderings on an early set of Ordnance Survey maps which he bequeathed to the Scottish 
Mountaineering Club. 
4 A small committee was formed , consisting of Mr Wilbert Goodchild, Heddle 's daughters, and Messers Alexander Thoms, James Currie and 
J.G. Goodchild 'for the purpose of bringing out my works on the Mineralogy of Scotland. ' 
5 Heddle left a small collection of minerals and other effects valued at £119-8s-6d out of his total moveable estate of £2130-l7s-4d. 
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FIGURE 4. An example ofHeddle's handwriting. 
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ALEKSITE, A LEAD BISMUTH SULFOTELLURIDE: A 
SECOND WORLD OCCURRENCE FROM THE 

DOLGELLAU GOLD BELT, GWYNEDD, WALES 

R.E. BEVINS 

Department of Geology, National Museum of Wales, CardiffCFl 3NP 

and c.J . STANLEY 

Department of Mineralogy, The Natural History Museum, Cromwell Road , London SW7 5BD 

Aleksite, a rare lead bismuth sulfotelluride, is described from the Clogau-St. David's Mine, near 
DolgeJlau, Gwynedd, where it occurs associated with galena and tellurobismuthite in gold-bearing quartz 
veins . This report is thought to document only the second worldwide occurrence of aleksite . 

INTRODUCTION 

The first description of gold from the Dolgellau region 
of Gwynedd was by Dean (1845) in a communication to 
the British Association meeting of 1844, when reporting 
its occurrence at the Dolfrwynog Mine. This account 
immediately provoked controversy, however, with 
claims that gold had in fact been known since 1836 to 
occur at Cwmheisian (Roberts, 1844), while Gilbey 
(1968) reported that 'similarly O'Neill at Cae-mawr and 
James Harvey at Cwm heisan discovered gold but 
remained silent'. A short time later the presence of 
bismuth- and tellurium-bearing minerals was reported 
from these gold-bearing veins (Readwin, 1860), and it is 
now known that a range of such minerals are present in 
this region. This paper reviews these occurrences and 
records the first identification of aleksite, a lead bismuth 
sulfotelluride, in the British Isles. This is, in fact, only 
the second worldwide report of aleksite, and a more 
complete description of this occurrence is now in 
preparation (C.J. Stanley, R.E. Bevins and W.G. 
Mumme). 

BISMUTH- AND TELLURIUM-BEARING MIN
ERALS IN THE DOLGELLAU GOLD BELT 

Readwin (1860) presented the first report of bismuth
and tellurium-bearing minerals in the Dolgellau Gold 
Belt, describing the presence of 'telluric bismuth' , 
although this is in fact a synonym for both tetradymite 
and tellurobismuthite (chemical formulae for the 
various bismuth- and tellurium-bearing minerals, as 
listed by Fleischer (1987), are presented in Table 1). 
Smyth (1862) noted that the gold is disseminated in 
either quartz and/or calcite, and is sometimes 
associated with bright white crystalline scales of 
tetradymite. Over 100 years later, however, Kingsbury 
(1965) reported that specimens labelled as tetradymite 
from the Clogau and Vigra mines, in both his own 
collection and that of the University Museum, Oxford, 
proved in fact, on the basis of X-ray diffraction 
investigations, to be tellurobismuthite. On this evidence 
Kingsbury (op. cit.) suggested that all material from 
these mines previously identified as tetradymite was 

TABLE 1 

Ideal formulae for bismuth- and tellurium-bearing 
minerals referred to in the text (data from Fleischer, 1987). 

Aleksite 
Altaite 
Bismuth 
Bismuthinite 
Hessite 
Nagyagite 
Pilsenite 
Tellurobismutite 
Tetradymite 

PbBi2Te2S2 

PbTe 
Bi 
Bi2S3 

Ag2Te 
PbsAu(Te,Sb )4SS-8 

Bi4Te3 

Bi2Te3 

Bi2Te2S 

most probably tellurobismuthite, and doubted whether 
tetradymite was a valid British species at all . 

Gilbey (1968) found minor tellurobismuthite with 
associated tetradymite in polished ore sections taken 
from the Caegwian, Vigra, Cefn Coch and Ffridd Goch 
mineral lodes, again reporting the presence of silver
grey flakes (up to 1.5 mm across) in quartz/calcite 
matrix, associated with rarer gold. Identification of 
tellurobismuthite was confirmed by optical, X-ray 
diffraction and electron microprobe analytical 
techniques, whilst for tetradymite, identification was on 
the basis of electron microprobe analysis and optical 
properties. In addition to these two bismuth- and 
tellurium-bearing minerals Gilbey (1968) also 
tentatively identified the presence of nagyagite, 
although this was only on the basis of optical 
identification, and the occurrence has not been 
confirmed by any subsequent investigations. 

Naden (1988) has provided one of the most detailed 
investigations of the mineralogy of the Clogau Mine, 
examining in particular the ore mineralogy of the No.4 
level. Naden (op. cit .) identified two types of telluride 
assemblages from this level, firstly a tellurobismuthite
dominated assemblage associated with minor galena, 
tellurides of silver and lead, and gold, and secondly a 
sulfide-dominated telluride assemblage with minor 
galena, minor tellurides, and rare gold. The telluro
bismuthite-dominated assemblage contains abundant 
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FIGURE 1. Reflected light photomicrograph illustra
ting aleksite (al) in association with intergrown galena 
(gn) and tellurobismuthite (tb). Gangue (black) is 
quartz. Horizontal field of view is 300,um. Oil im
mersion. Specimen E.1309 from the Natural History 
Museum, London . 

tellurobismuthite, minor tetradymite, as well as hessite 
and altaite, whilst the sulfide-dominated telluride 
assemblage contains minor tetradymite, 'wehrlite' (a 
mixture ofpilsenite and hessite), hessite, native bismuth 
and bismuthinite. Identification of these minerals was 
variously based on optical, electron microprobe and X
ray diffraction techniques, and complete data, along 
with descriptions of the textural relationships between 
the various phases in the assemblages, are presented by 
Naden (1988). Of particular interest in Naden's data is 
his report that tetradymite is always found to contain 
significant (ea 8wt%) lead . 

ALEKSITE FROM CLOGAU-ST. DAVID'S MINE 

The current study arose from the investigation of 
specimens from Clogau-St. David's Mine, now in the 
collections of the Natural History Museum, London, 
and the National Museum of Wales, Cardiff (specimen 
numbers E.1309 and NMW 90.37G.MI and M2a and 
b, respectively). X-ray diffraction, optical 
determinations, and electron microprobe analyses of 
these specimens confirmed the presence, along with 
other bismuth- and tellurium-bearing minerals, of 
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TABLE 2 

Electron microprobe analyses of aleksite. 

Pb 
Ag 
Bi 
Sb 
Te 
S 
Total 

20.0 
0.1 

45.8 
0.6 

27 .5 
6.1 

100.1 

2 

20.3 

46.0 

27.3 
6.3 

99.9 

I: Clogau-St. David's Mine (this study). Analysis is the 
average of 9 spot analyses. 2: Alekseyev deposit, 
U .S.S.R. (Lipovetskiy et al., 1978). 

aleksite. Typically the aleksite is closely associated with 
intergrown galena and tellurobismuthite (Fig. I) . Full 
X-ray diffraction data are to be presented in a 
subsequent contribution, while electron microprobe 
analyses of aleksite are presented in Table 2, and are 
compared with analyses from the original description. 

Aleksite was first described by Lipovetskiy et al. 
(1978) from the Alekseyev deposit, in the Stanovoy 
range, U.S.S.R. Recently, the National Museum of 
Wales acquired from a mineral dealer a specimen 
labelled as aleksite from Keystone, Nye County, 
Nevada, U.S.A., although investigations are currently 
in progress to verify this identification. The report in 
this paper of aleksite from Clogau Mine-St. David's 
constitutes, we believe, only the second world 
occurrence for the mineral, and certainly the first record 
for the mineral in the British Isles. 

Electron microprobe analyses of the various 
bismuth- and tellurium-bearing sulfide minerals in the 
Clogau-St. David's samples showed them also to 
contain varying proportions of lead, with two clusters 
of analyses at about 10 wt% and 20 wt% Pb. The latter 
corresponds closely to the aleksite analyses of 
Lipovetskiy et al. (1978), while the former is considered 
to represent a presently unknown, new mineral, here 
termed phase C. Further the 'plumbian tetradymite' of 
Naden (1988) is probably not tetradymite at all, and is 
here referred to as phase N; this appears also to be a new 
mineral species. A more complete description of 
aleksite and these two apparently new minerals from 
Clogau-St. David's Mine is currently being prepared , 
and will form the subject of a separate more detailed 
paper. 
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INFRARED SPECTROSCOPY AS A TECHNIQUE FOR THE 
INVESTIGATION OF MINERALS 

R , S, W. BRAITHWAITE 

Chemistry Department, University of Manchester Institute of Science and Technology, Manchester M60 lQD 

The principles and techniques of infrared spectroscopy are described. The scope and limitations of this 
method for the 'fingerprint' identification of minerals are explained and compared with those of X-ray 
diffraction. Other uses in the investigation of minerals are briefly discussed, including chemical, structural 
and symmetry studies. 

INTRODUCTION 

Infrared spectroscopy IS a form of vibrational 
spectroscopy, implying that the absorption peaks 
(usually presented as transmission troughs) in the 
spectra are due to quantised vibrations using and hence 
picking out energy at the appropriate frequencies, 
The theory involved has been known for many years, 
and physicists have been measuring some sorts of 
infrared spectra since the first decade of the 20th 
Century, The technique was not convenient for general 
use, however, until commercial instruments became 
available after World War II, since when increasing 
sophistication has given the technique ever wider 
applications, 

THEORY 

As pointed out in the introduction, infrared 
absorptions are due to vibrations. What is it that 
can vibrate in the right range of frequencies for 
resonance in the infrared range? The answer is bonds 
(covalent or reasonably so) terminated by atoms, either 
singly or linked together in various patterns, or crystal 
lattices. 

Infrared spectroscopists tend to use wavenumbers 
(symbol 11), measured in cm- I (i .e. 'per centimetre') 
rather than frequencies (symbol v, measured in Hertz, 
or use wavelengths (symbol A), usually quoted in 
microns (p, 10- 6 metre). Wavenumbers are generally 
preferred to wavelengths, as they are directly 
proportional to transition energies, and are preferred to 
frequencies because they are simpler-looking numbers. 
The relationship between these, in S.l. units is A = c/ v, 
where c = the velocity oflight in vacuo. Now, 11 = 1/ A, or 
11 (in cm - I

) = 1/ A(in p) x 10.4
• 

The range of wavelengths available using most 
commercial instrumentation is from 4000 to 200 cm - I . 

F or the 'far infrared' range, down to about 10 cm - I , 

special equipment is required, and beyond this is the 
microwave region, which picks up rotations of small 
molecules rather than vibrations. For wavenumbers 
above 4000 cm-I, 'visible-UV' spectrometers are used, 
designed to pick up absorptions due to transitions 
between electron energy levels. 

The vibrations involved in infrared spectroscopy are 
closely analogous to the 'simple harmonic motion' 
vibrations of systems of balls connected by springs, 

with fundamental frequencies of particular vibrational 
modes characteristic of the vibrating systems, and 
depending on the masses of the atoms and the nature of 
the bonds (in particular their 'force constants'). Higher 
harmonics and combination bands are among comp
lications not discussed further here. The simplest 
system, of two atoms connected by a bond, such as 
an isolated OH - ion, has a single 'normal mode' 
of vibration, the 'stretching' mode involving a simple 
linear in-and-out vibration. A bending mode would 
not be possible without attachment to something, as 
it would become a rotation. The number of normal 
vibrational modes for a system is easy to calculate, as 
if N is the number of atoms in the system, linear 
systems have 3N - 5 and non-linear 3N - 6 modes. Thus 
a linear 3-atom system such as CO2 has four normal 
modes, each with its own characteristic frequency of 
vibration: 

+-0 - C - O~symmetrical stretching, 
frequency VI 

2 0 ~ C - 0 ~ unsymmetrical stretching, 
frequency V3 

i 
3 0 - C - 0 bending, frequency v2 • 

1 1 
4 0 - C - 0 bending, at right angles to 

+ (3), frequency also V2 

We can see that only three frequencies of vibration are 
possible, as modes 3 and 4 vibrate at the same 
frequency, V2. This type offrequency, the same for two 
modes, is given the splendid title of , doubly degenerate'! 
A triply degenerate vibration would involve three 
equivalent modes, and so on. 

The next important and useful complication is that 
for a vibration to be 'active' (to show) in the infrared it 
has to involve a change in the dipole moment, that is the 
effective centres of positive and negative charges in the 
system should move relatively to each other during the 
vibration. In effect this means that symmetrical 
vibrations (like VI for CO2) do not appear in the infrared 
spectrum (the term used is that such vibrations are 
'forbidden'). These forbidden vibrations can often be 
measured using a complimentary technique known as 
Raman spectroscopy. 
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INSTRUMENTATION 

Most normal-range infrared spectrometers are desk
top machines comparable in size with microcomputers, 
and require only an electric point to plug into . Unlike 
X-ray diffraction equipment, no cooling water, vacuum 
pumps, high voltage equipment or shielding are 
required . 

The majority of grating spectrometers are of the 
double-beam variety, in which the radiation from the 
constant infrared (heat) source is split by mirrors into 
two beams, one in which the sample is placed, and the 
other a reference beam with which any absorption in 
the sample beam is compared, minimising the effect 
of any variations in the source output. The beam is 
spread into a spectrum by a diffraction grating (or a 
prism in a few older models) and the spectrum scanned 
by a thermocouple, the output amplified and used to 
control a pen which draws the spectrum on chart paper 
moving relatively to it. With some equipment the 
output can be presented on a screen and recorded on a 
printer. 

Infrared spectrometers are cheaper than X-ray 
equipment, their cost currently varying from about 
£7000 for a basic machine with a minimal wavenumber 
range and limited resolution, to some tens of thousands 
of pounds for more sophisticated equipment such as 
computerised Fourier Transform CFTlR') 
spectrometers, which despite their cost are replacing the 
older models for all except the bottom-of-the-market 
requirements. 

Cheaper instruments use a prism of NaCl, 
transparent only to 670 cm -I . More expensive 
diffraction grating instruments with KBr windows give 
more information, to about 400 cm -I. To measure the 
spectra of sulfides and most oxides even more expensive 
instruments with CsI windows are required . 

FTJR instruments work on a different principle. They 
are interferometers with a moving mirror, in which all 
wavelengths are assessed simultaneously. The resulting 
output would look nothing like a spectrum if plotted, 
but it is passed to a computer which calculates the 
absorption spectrum using Fourier Transform 
mathematics. The 'scan' times of such machines are 
very short, and having the spectra in a computer has 
other advantages, as discussed below under 
'Techniq ues' . 

TECHNIQUES 

The two most commonly used techniques for mounting 
samples in the measuring beam of infrared 
spectrometers are the pressed disc and mull tech
niques. Emission and reflectance measurements are 
generally less commonly used and are not dicussed in 
this article . 

The pressed disc technique involves mixing a 
powdered sample with a suitable material which does 
not absorb in the infrared range being studied, 
potassium bromide (KBr) down to 400 cm - I

, or 
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caesium iodide (CsI) down to 200 cm - I being 
commonly used , and compressing this into a 
translucent disc using a special high-pressure pelleting 
machine. 

For the mull technique, the sample is finely 
powdered, usually using a small agate pestle and 
mortar, mixed thoroughly with a somewhat viscous 
liquid mulling agent, and scraped out of the mortar 
onto a clear plate made from a single crystal of a 
suitable non-absorbing material such as KBr or CsI. A 
similar plate is placed on top, sandwiching the mull 
gently between the plates, and the combination is 
placed in a special holder in the spectrometer. The most 
useful mulling agent is a pure Iiq uid paraffin known as 
'Nujol' , which, however, has strong absorption bands 
near 2900, 1460 and 1380 cm - I which can hide these 
parts of the spectra of certain minerals. If this is 
suspected, a second mull can be run in HCB 
(hexachlorobutadiene), which does not absorb in these 
regions, but absorbs strongly in other parts of the 
spectrum. 

Other techniques involve the use of single crystals, 
particularly in micro-work, thin flakes or polished 
sections. Infrared pleochroism must be taken into 
account when examining single crystals, slices, cleavage 
sheets or insufficiently ground flaky samples in mulls, 
even though the infrared beam is not normally 
polarised . Vibrating bonds within a crystal will , of 
course, be orientated, and their interaction with the 
beam will be sensitive to beam direction . An excellent 
example is brucite, Mg(OH)2' The spectrum of a mull or 
pressed disc containing randomly orientated brucite 
particles shows a very strong and sharp absorption due 
to an O-H stretching vibration around 3700 cm - I , but 
cleavage sheets orientated perpendicular to the beam 
providc only very weak absorption in this region. The 
reason for this is that all the O-H bonds in the brucite 
layer lattice structure are lined up perpendicular to the 
cleavage direction, giving minimal interaction with an 
infrared beam aligned parallel to them. 

The main advantage of the pressed disc method is the 
abscence of interfering absorptions, but it is not easy to 
exclude all moisture from the disc, and broad water 
absorption may conceal information in the O-H 
stretching and H20 'scissor' vibration regions near 
3000- 3700 and 1600- 1700 cm - I respectively. One 
disadvantage of the pressed disc method is that a few 
minerals (mostly hydrated salts) will react with the disc 
material , yielding products glvmg the 'wrong' 
spectrum . Thus the published spectrum of chalcanthite, 
CuS04.5H20 (Moenke, 1966), obtained using a KBr 
pressed disc, is very different from the 'true' spectrum 
obtained from a carefully mounted Nujol mull , and if 
the mull is ground between the plates additional 
absorptions appear as reaction takes place (R.S. W. 
Braithwaite and G. Ryback, unpublished work). 

The mull method is perhaps quicker and easier to use, 
avoids reaction with the plates if carefully carried out, 
and should not trap interfering moisture. Interfering 
Nujol absorptions are eliminated by running a second 



mull as described above, if necessary. 
With the normal pressed disc technique, using a 

grating instrument, somewhat less than I mg of sample 
should give a satisfactory spectrum, but special micro
pellets can be used to give usable spectra with samples 
down to 10 micrograms in weight. Using the mull 
technique, with care, samples less than about 0.05 mg 
can be used to give reasonable spectra without using 
special techniques. 

Very small samples give very weak absorptions, 
which being of normal width are poorly defined, and 
recourse must be made to scale expansion or to 
specialised equipment such as FTIR spectrometers with 
or without microscope attachments. Grating spec
trometers are normally used to scan a spectrum in from 
3 to 20 minutes, the slower scans giving better res
olution. FTIR spectrometers, however, measure 
spectra almost instantly, repetitive measurement be
coming practical, in which the computer storage of the 
'scans' allows superimposed repetItIOn of 
measurement, amplifying weak signals while random 
noise tends to cancel itself out. Subtraction of other 
stored spectra, for example of a contaminant, is useful 
for studying mixtures, such as samples contaminated by 
matrix. Comparison with libraries of stored spectra is 
obviously valuable. The output of grating 
spectrometers can also be digitised, stored and pro
cessed by computer, but repetitive scanning is less 
practical because of their slow scanning rate . 

Running a simple spectrum is very easy. After 
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powdering the sample and making up the disc or mull 
between plates, it is placed in the spectrometer, and 
after setting any required parameters, such as scanning 
time, the operator just presses a button and the spec
trum is produced. An example of a spectrum produced 
by a low-cost grating spectrometer is given in Fig. 1. 

APPLICA TIONS 

Infrared spectroscopy is mostly used for identifying 
organic compounds, whose covalently bonded systems 
lend themselves most readily to the technique. Such 
compounds have complex and characteristic 'finger
print' spectra, often with many strong and sharp 
absorptions, which may indicate the presence of 
recognisable molecular features. The ionic, or partly 
ionic, nature of many inorganic compounds, including 
most minerals, generally gives rise to spectra with 
broader and less numerous absorptions. Nevertheless it 
is a very useful technique in mineralogy, not a complete 
replacement for X-ray diffraction, rather being 
complimentary to it, and yielding some different useful 
information. 

The lattice vibrations of monatomic ions tend to be 
of limited usefulness, often being in the far infrared, but 
minerals containing polyatomic units usually provide 
useful spectra, the polyatomic units, such as, for 
example, H20, OH - , SO/- , (U02)2+ and the different 
kinds of silicates, showing distinctive vibrations at well
documented wavenumber regions (see Fig. 2 for 

FIGURE 1. An example of the output chart of a low-cost spectrometer. The spectrum is of pseudomalachite, 
Cus(P04MOH)4. 
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FIGURE 2. Regions of strong infrared absorption for some units commonly found in minerals. 
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FIGURE 3. Infrared spectra of leadhillite (upper trace), Pb4SOiC03MOH)2 (Russell et at., 1983) and of 
phosphuranylite (lower trace), Ca(U02)lP04MOH)2.6Hp (Braithwaite et at., 1989). The labelled absorptions are 
due to vibrations of the following units: A, OH- ; B, H20; C, cot; D, SO/"; E, PO/"; F, (U02)2+ . The spectra are 
featureless between 1750 and 3100 cm - I . 
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examples, also references cited in the 'Useful Literature' 
section below). This factor alone would make the 
technique useful by indicating the presence of these 
units as with a qualitative chemical analysis (see Fig. 3). 
A recent example of this use was in the detection of the 
sulfite ion in scotlandite, the first sulfite-containing 
mineral to be identified (Paar et at., 1984). 

Fortunately, the exact positions and patterns of 
absorption are sensitive to the environments of the 
vibrating units. As a result, not all sulfates, for example, 
give identical spectra, and most can be distinguished 
from one another. Important environmental differences 
include the masses of neighbouring atoms or ions, the 
nature and symmetry of the crystal lattice, and the 
presence or abscence of hydrogen bonding. Hydrogen 
bonding particularly affects O-H vibrations by 'tying 
them down', shifting them to lower wavenumbers, 
broadening them and reducing their maximum intens
ity, in extreme cases almost to vanishing point. Return
ing to the sulfates as an example for the effects of 
changing the masses of neighbouring ions, and looking 
at the positions of maximum absorption for a series of 
simple sulfates with cations of increasing mass, we have 
v3, the asymmetrical stretching vibration of the SO/
tetrahedron at 1150 cm - I for CaS04 (anhydrite), 1080 
cm - I for SrS04 (celestine), 1070 cm - I for BaS04 (barite) 
and 1050 cm - I for PbS04 (anglesite). The effects of 
changes in the environmental symmetry are useful and 
usually result in differences in spectra between poly
morphs with the same chemical formula by changing the 

profile of absorption bands or by causing more profound 
changes by removing forbiddenness or degeneracy. 

An example is shown in Figure 4, in which the spectra 
of the CaCO] polymorphs calcite and aragonite are 
depicted. Calcite is trigonal while aragonite is ortho
rhombic and has a higher density and therefore a closer
packed lattice. The absorption bands are all due to 
vibrations of the CO/- anion. The isolated ion is 
trigonal planar and symmetrical, all bonds being 
equivalent. The normal modes of vibration (3N - 6 = 6 
modes) are VI (symmetrical stretching), V2 (symmetrical 
bending), V3 (unsymmtrical stretching) and V4 (un
symmetrical bending). Of these, V3 and V4 are doubly 
degenerate combinations and VI is infrared forbidden . 
The spectrum of calcite is seen to show one strong 
broad V] absorption near 1420 cm - I . The forbidden VI 

vibration, which is near 1080 cm - I, is not visible, the V2 

vibration is at 872 cm -I , and the degenera te V4 mode is 
represented by one absorption at 710 cm- I

. All this is 
very predictable, given a symmetrical trigonal C03

2
-

ion in a trigonal site. The spectrum of aragonite is, 
however, very different. The VI vibration is clearly 
visible at 1081 cm - I , and although the degeneracy loss 
of the broad v] band is not obvious (note the weak 
feature near 1600 cm - I) two absorptions are clearly 
present for the V4 mode at 700 and 710 cm - I. This loss of 
forbiddenness and degeneracy indicates that the sym
metry of the CO/ - ion has been distorted in the 
aragonite structure, and makes it easy to distinguish 
between these two minerals . 

1600 1400 1200 1000 800 700 

WAVENUMBER, em-1 

FIGURE 4. Infrared spectra of the CaC03 polymorphs calcite (upper trace) and aragonite (lower trace). 
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These effects of symmetry changes are general and 
can be used to study the symmetry of ions or groups . 
Small degeneracy losses due to site symmetry effects 
affect the profile of absorption bands, but major 
symmetry changes due to bonding to other ions or 
atoms cause wider splittings of abso.fption bands. Other 
causes of profile complexity include the presence of the 
absorbing unit in more than one type of lattice 
environment, and overlap with absorptions due to 
some other vibrating unit. 

SOME OTHER EXAMPLES OF INTEREST 

In an article of this nature only a few examples can be 
given to illustrate the general usefulness of the tech
nique. 

Clearly visible differences between the spectra of 
malachite, rosasite and aurichalcite, mainly due to 
differences in OH - environments, mean that these 
minerals are easily distinguishable by infrared spec
troscopy (Braithwaite and Ryback, 1963), and 
aurichalcite being a carbonate is of course easily 
distinguished from the several similar-looking sulfates 
such as serpierite, devilline and schulenbergite. Other 
examples of easy distinction between closely-rela ted 
minerals include those between barytocalcite, alstonite, 
and paralstonite, and also between brochantite, 
antlerite and ramsbeckite. The copper hydroxychloride 
polymorphs atacamite, paratacamite and botallackite 
are also readily distinguished from each other, as well as 
from other green minerals (see Fig. 5). 

It is obvious that the infrared spectra of members of 
solid solutions should change as one polyatomic anion 
is replaced by another. The isostructural pyromorphite 
- mimetite series, Pbs(P04, As04»)CI, in which different 
members are not easy to distinguish by X-ray 
diffraction techniques (Livingstone et al. , 1990), is a 
good exa mple, as the phosphate and arsenate anions 
show strong v) absorptions side by side near 1000 and 
800 cm - I respectively, so that even their approximate 
proportions can be assessed. The vanadate v) 

absorption is unfortunately too close to that of arsenate 
to detect its presence easily in , for example, endlichite, 
Pbs(As04, V04)3Cl (see Fig. 2) . It is less obvious that 
solid solutions between monatomic cations with a 
common anion can be followed, but changes in the 
position and profile of absorption bands may well be 
characteristic enough , as in the case of the series 
olivenite, Cu2As040H, to adamite, Zn2As040H 
(Braithwaite, 1983). In this same work another 
phenomenon, the isotope effect, was made use of in 
identifying which absorptions involve hydrogen. 
Replacing hydrogen in the structure by the heavier 
isotope deuterium by synthesis or exchange causes 
major shifts in position of only those vibrations 
involving hydrogen . 

A classical case of complex soiid solution among the 
silicates is that of the garnets, A3BlSi04)3, where A can 
be Ca, Fe, Mg or Mn (all 2 + ) and B (usually 3 + ) can be 
AI , Cr, Fe, Mn, etc. Members of this complicated set of 
orthosilicates have a characteristic infrared spectrum 
pattern, with a number of reasonably sharp and strong 

3600 3400 3200 1000 BOO 600 400 
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FIGURE 5. Infrared spectra of the Cu2Cl(OH)3Poiymorphs paratacamite (PA), atacamite (AT) and botallackite 
(BO). The spectra are featureless between 1050 and 3100 cm· l

. 
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absorptions. The pOSItIOns and profiles of these 
absorptions vary with composition such that most 
members can be readily distinguished from each other 
(Tarte, 1965; Goncharova et al., 1970; Valueva, 1970; 
Tarte and Deliens, 1973), and the positions of these 
absorptions have also been correlated with unit cell 
parameters as well as with composition (Wickersheim 
etal., 1960; Mooreetal., 1971; Geiger et al., 1989). 

Garnets are of course used as gemstones, and most 
gemstones are as identifiable as any other minerals, and 
both the GIA and the Gem Testing Laboratory in 
London use FTIR spectroscopy for identifications and 
for diamond classification. 

Infrared spectroscopy, being so suitable for studying 
organic compounds, is an excellent technique for 
looking at organic minerals such as amber, mellite, 
oxalates etc., and also plastics and resins used as gem 
simulants and treatments and as adhesives in doublets, 
triplets and repaired and 'made up' mineral specimens. 

USEFUL LITERATURE 

For further details on the more theroretical aspects of 
infrared spectroscopy the reader is referred to the 
classical work of Hertzberg (1945), or for somewhat 
more recent treatments the accounts by Jones (1971) 
and Straughan and Walker (1976). For more practical 
as well as theoretical accounts those by Nakamoto 
(1986), Ross (1972) and Adams (1967) are useful, as is 
Ferraro (1971) for far infrared spectroscopy. Alpert et 
al. (1970) refer mostly to organic chemical applications 
although present a good theory section. Griffiths (1975), 
Green and Reedy (1978) and Krishnan and Hill (1990) 
discuss various aspects of FTIR spectroscopy. For 
specifically mineralogical applications the works of 
Farmer (1974), Estep-Barnes (1977), Liese (1975), 
Korach et al. (1975), and Povarennykh (1978) are 
recommended. 

Several extensive compilations of organic infrared 
spectra exist, but unfortunately the situation is less 
satisfactory for inorganic compounds and minerals. 
The DMS cards (Pergamon Press Ltd .), Pouchert 
(1970), Sadtler (1976) and the ASTM Infrared Spectral 
Indices (American Society for Testing and Materials, 
Philadelphia) are basically compilations containing 
thousands of organic spectra but few inorganic spectra, 
of which very few are of mineralogical relevance. The 
more specialised Sad tier collections (1972, 1973 and 
Ferraro, 1982) contain about 1000 inorganic spectra, 
and a few hundred relevant to mineralogy. Miller and 
Wilkins (1952) and Nyquist and Kagel (1971) give 
predominantly inorganic spectra, and Hunt et al. (1950) 
some mineral spectra. The spectra in Lyon (1963) are 
mainly of rock-forming minerals, while Gadsden (1975) 
merely tabulates wavenumbers for a few hundred 
minerals. Moenke (1962, 1966) are more useful 
compilations, with spectra of 505 minerals. In addition, 
Farmer (1974) is also useful as a compilation . Finally, 
Salisbury et al. (1989) have recently described the 
setting up of a major mineral database, but containing 

as yet the spectra of only 63 minerals. Computer 
searching software is now available to use with some 
compilations, to which an individual worker's own 
spectra can be added, but compatibility limitations and 
once again the normal heavy bias towards organic 
spectra mean that these systems are still not comparable 
in utility with the JCPDS X-ray powder diffraction file 
for mineralogical applications. 

USEFULNESS AS AN IDENTIFICATION 
TECHNIQUE 

Infrared spectroscopy is a very useful technique, 
complimentary to X-ray diffraction, particularly as a 
cheaper, rapid method for solving many mineral 
identification problems, within the limitations outlined 
above. 

Advantages of infrared spectroscopy over X-ray 
diffraction, for mineral identification purposes only, 
include: relative cheapness; small size and simplicity of 
equipment and services required; rapid and easy 
measurement; small sample size compared with that 
required for X-ray diffractometry (although unless you 
have access to micro-equipment, large compared with 
that required for X-ray powder photographic 
methods); the chemical evidence obtained; the ability to 
differentiate easily between members of some solid 
solution series; and the suitability for studying non
crystalline samples such as glasses, liquids, metamict 
minerals, opal and chrysocolla. 

Disadvantages compared with X-ray methods 
include: fewer and more diffuse points of comparison 
(except, perhaps, for most organics); generally larger 
sample requirement compared with that for powder 
photographic methods (see above); .and the fact that a 
considerable number of species give poor spectra or 
absorb only in the far infrared region, especially those 
species containing only monatomic ions, whereas X-ray 
methods give clear patterns with virtually all crystalline 
materials. A major factor currently limiting the use of 
infrared spectroscopy for routine identifications is the 
lack of a good library of mineral reference spectra. 
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AN OCCURRENCE OF DJURLEITE AT WEST 
CARADON MINE, CORNWALL 

JA LAWRENCE 

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

The mineral djurleite has only been reported from a few 
localities in Britain, although it occurs at many others, 
worldwide. Djurieite, CU196S, was once thought to be a 
very rare species, but in fact is reasonably common. A 
new occurrence from the West Caradon mine, Cornwall 
is reported and the mineral is briefly compared to other 
copper sulfide species. 

LOCATION 

The West and South Caradon mines are located in the 
Liskeard district of east Cornwall, north of Crows Nest 
(Fig. 1). West Caradon (SX 264 699) and South 
Caradon (SX 266 698) mines share a common 
boundary along the River Seaton. 

HISTORY 

West Caradon mine began work in 1837, following the 
discovery of the rich copper lodes of South Caradon, 
and produced 91,700 tons of 9% copper ore between 
1843 and 1886 (Dewey, 1923). However, its most 
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productive years were 1843-1856 when 56,228 tons of 
copper ore were raised and sold for £461,762 (Collins, 
1912). The mining company was formed by Liskeard 
merchants and bankers (Barton, 1971). The mine 
reached a depth of 187 fathoms (1120 feet), (Dewey, 
1923). Both Collins (1912) and Barton (1971) report 
that, before 1837, ancient surface workings existed and 
that these had been worked by the 'old man' for tin. 
There now exist very few surface remains except for 
extensive dumps, and a few ruinous engine houses and 
former mine buildings now used for farming purposes 
(Shambrook, 1982). Most of the shafts have now been 
filled in. The general mining history of the area has been 
reviewed by Sham brook (1982) and Barton (1971). 

GEOLOGY 

The Liskeard district covers the eastern part of the 
Bodmin Moor Granite. The country rock surrounding 
the granite intrusion is of Middle to Upper Devonian 
age (Edmunds et al., 1975), much of which is composed 
of low-grade metamorphic slates and grits (locally 
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FIGURE l. Sketch map of surface remains of the Caradon mines. 
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termed 'killas'). Amphiboles, pyroxenes and garnets 
have been developed in more calcareous units, giving 
rise to hard, whitish-grey, quartz-rich 'calc-flintas'. NE
SW dykes cut the sediments near the margin of the 
killas. A major N-S fault , the 'Great Cross Course' cuts 
the Phoenix and the Caradon Mines (Dewey, 1923). 

The copper and tin lodes, including the deposits 
worked in the Caradon mines, are clustered mainly 
around the edge of the granite with a similar strike to 
the adjacent dykes. The lodes produced large quantities 
of copper but little tin, in contrast to the more northerly 
mines of the Phoenix group. The main productive lodes, 
shared by both the South and West Caradon mines, 
were the Menadue, Main, Clymo, Vivian's North, Jope 
and Kittow's South. All strike between 0750 and 0800 

and dip 16-30oN (Dines, 1956). A number of faults cut 
the lodes approximately at right angles, including the 
'Great Cross Course,' which divides the two mines and 
is responsible for the valley occupied by the River 
Seaton (Fig. 2). 

MINERALS 

The Caradon Mine lodes vary in width from a few cm to 
about I m, occasionally widening to 3 m and contain 
numerous vughs filled with well-formed quartz and 
fluorite crystals (Dewey, 1923; Dines, 1956). Many 
copper minerals have been recorded, including 
chalcopyrite, bornite, tennantite, chalcocite, native 
copper, cuprite, tenorite, malachite, azurite and 
chrysocolla, while pyrite and arsenopyrite are also 

26 

WEST CARADON MINE 

locally abundant (Dewey, 1923). Originally, a weli
developed gossan capped the lode. Most of the minerals 
mentioned were found on the dumps during the present 
study, as was a specimen containing djurleite, described 
below. 

DJURLEITE 

The djurleite specimen collected during this study 
consists of a matrix of calcareous, greyish-white rock, 
stained pale blue/green by various unidentified copper 
species, and encrusted with tenorite. The interior of the 
specimen contains a thick vein of a uniform dark grey to 
steel-blue mineral flecked with minute masses of 
cuprite. Djurleite was identified by X-ray powder 
diffraction methods using a 360 mm diameter Debye
Scherrer camera and Ni-filtered CuKa radiation. The 
specimen has been lodged with the National Museum of 
Wales [NMW 90.27G.MI]. 

Other specimens of steel-grey copper species have 
been more recently collected from a small dump at the 
South Caradon mine. These also belong to the CuS
Cu2S series and are the subject of continuing studies. 

RESULTS AND DISCUSSION 

Table I gives X-ray powder diffraction data for djurleite 
from West Caradon mine, together with published data 
for the mineral (Djurle, 1958; Potter and Evans, 1976). 
There is no evidence for the presence of any other phase 
in the sample examined. 
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TABLE I 
Powder X-ray diffraction data for djurleite (A). 

2 3 

dobs dobs deale dobs 

3.762 mw 3.758 3.758 3.750 m 
3.597 vw 3.596 3.598 3.584 w 
3.401 m 3.385 3.394 3.381 w 
3.192 mw 3.194 3.195,3.193 3.190 w 
3.028 mw 3.031 3.030 3.035 w 
2.853 mw 2.869 2.869 2.865 w 
2.663 w 2.654 2.653 w 
2.525 m 2.530 

2.517 2.518 w 
2.468 w 2.469 2.477 w 
2.386 s 2.385 2.388 2.388 s 
2.324 m 2.318 2.318 w 
2.214 vw 2.219 
2.137 vw 2.140 2.144 w 
2.056 vw 2.052 2.048 w 
1.967 s 1.963 1.964 m 
1.870 s 1.871 1.870 1.869 s 
1.767 w 
1.688 m 1.690 m 

1.680 1.680 w 
1.642 w 1.641 
1.584 vw 1.584 
1.511 mw 1.514 w 

1: West Caradonmine; 2: Potter and Evans (1976); 3: Djurle (1958); s = strong, m = medium, w = weak, v = very. 

Some time ago, Roseboom (1962) and Morimoto 
(1962) suggested that material identified as djurleite 
might in fact consist of a mixture of several distinct 
phases, including, perhaps, djurieite, CU J96S, digenite, 
CU U9S, and a separate tetragonal phase dimorphous 
with djurleite. Subsequently, the crystal structure of the 
mineral was solved, and djurleite established as a 
discrete species (Roseboom, 1966; Takeda et a\., 1967; 
Potter and Evans, 1976). Indeed, identification of the 
mineral in hand specimen is virtually impossible, with 
respect to other related species and X-ray diffraction 
remains the principal method of determination . Tn this 
connection it should be mentioned that crystallized 
djurleite is very rare, massive material being most 
typical. The only reported crystalline material is from 
Butte, Montana, Neudorf, Germany, and Calabona, 
Sardinia (Roseboom, 1966; Takeda et al., 1967; 
Bernardini et al. , 1973). However, djurleite is actually a 
quite common mineral and has no doubt been 
overlooked in the past because of its similarity to 
chalcocite, and other related species. It is frequently 
found with many other copper sulfides in supergene and 
hypogene deposits (Clark and Morago, 1969; Clark and 
Sillitoe, 1970). Individual deposits are too numerous to 
list here, further descriptions being found in Roseboom 
(1962, 1966), Morimoto (1962), Takeda el al. (1967), 

Clark and Sillitoe (1970), Bernardini et al. (1973), 
Creelman (1976), Embrey and Symes (1987) and 
Wolloxall (1989). Frequent associates include 
chalcocite, digenite and covellite. The material from the 
West Caradon mine is almost certainly from the 
supergene enriched zone reported to have been present 
(Collins, 1912; Dewey, 1923). 

It is now recognised that a number of so-called 'non
stoichiometric' copper sulfides exist as minerals, 
including those mentioned above, anilite, CU7S4 (or 
CU u sS), geerite CugSS (or Cu J6S), and low chalcocite 
Cu2S (Fleischer, 1987). Relationships between all of 
these phases are still not unequivocally established, 
although an approximate phase diagram is available 
(Roseboom, 1966; Fig. 3). Inspection of this figure 
indicates the kinds of associations that are likely to be 
encountered in the field , and may be of help in 
establishing the occurrence of other unsuspected 
members of what is, in effect, a very complex family of 
closely related minerals. 
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NOTE 
CINNABAR FROM MACHEN QUARRY, MACHEN, 

SOUTH WALES 

T.F. BRIDGES 

10, Springfield, Ovington, Prudhoe, Northumberland NE42 6EH 

Cinnabar, HgS, a rare mineral in the British Isles, was 
first described from this region by Braithwaite et al. 
(1963) from Rutland Cavern, at Matlock Bath, 
Derbyshire. Subsequently, it has been reported from 
numerous localities in England, including Grassington 
Moor and Greenhow Hill (Dunham and Wilson, 1985), 
in addition to six localities in the Northern Pennines 
(Young et al. , 1989). In Scotland, traces of cinnabar 
were found in pan concentrates of stream sediments 
from two tributaries of the River Clyde near Abington, 
Strathclyde (Dawson et al. , 1979) and from streams 
near the Glendinning antimony deposits, Langholm, 
Dumfries and Galloway (Gallagher et al., 1983). To 
date, the only record of cinnabar from Wales was that 
by Braithwaite (1982) from Bwlch Glas Mine, near 
Talybont, Dyfed. This note reports a further 
occurrence of cinnabar in Wales, from Machen Quarry, 
at Machen, Gwent [ST 222 886]. 

Machen Quarry works dolomitized limestones of 
Lower Carboniferous age. Intersecting the main 
working faces is a NW-SE trending mineralized fault in 
which galena is present. In May 1985, galena, to a 
maximum thickness of about 0.3 m, was exposed in this 
fault as a result of quarry workings, the galena being 3 
separated from the wall rock by a thin layer of barite 
and a band of limonitic clay. The galena is partially 
oxidised and cavities contain cerussite, anglesite, and a 
mixture of antimony oxides. The cinnabar, which is 
probably a residual phase left over following oxidation 

of the associated sulfides, occurs as thin brick-red, 
earthy coatings in small cavities in the galena from close 
to the vein edges, and in a barite-cerussite matrix. 
Identification of the cinnabar was confirmed by energy 
dispersive analysis, using a Cambridge Stereoscan ISO, 
with Link Systems energy dispersive X-ray analyser. 
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BOOK REVIEWS 

Keller, P.C.B. Gemstones and Their Origins, Van 
Nostrand Reinhold, New York, 1990. xv + 144 pp, 
featuring photographs by Harold and Erica van Pelt. 
Price £37.00. 

For a long time the topic of the origin of gem minerals in 
different kinds of geological environments has been 
neglected or at best presented in an unstructured way. 
In his foreword to this new book by Peter Keller, 
Associate Director at the Los Angeles County 
Museum, Dr. Edward Gubelin says 'this is a first work 
of its kind .... German-speaking gemologists"" 
have gained detailed knowledge from a comprehensive 
book (describing) deposits, mining and recovery 
methods (by 0, Stutzer and W.F. Eppler, Die 
Lagerstatten der Edelund Schmucksteine, Verlag 
Gebr., Borntraeger, Berlin, 1935), Yet no book of 
similar importance was available, , , (in) the English 
tongue', 

The book is divided into four parts and examines in 
detail nine classic gem deposits. Part I examines gems 
deposited near the earth's surface, describing in detail 
the gem gravels of Sri Lanka and the opals of Australia. 
At the beginning of each part is a map with the world 
distribution of the gem species covered. This is followed 
by a general introduction and then a detailed 
description of the gem locality comprising history, 
geology, gemstone occurrence and mining techniques, 
and the chapter concludes with examples of gems 
famous for their size or history. In each chapter there is 
a wide-ranging and comprehensive summary of the 
various features of a particular gem species, and should 
the reader wish to follow up some aspects in further 
detail there is an up-to-date list of references at the end , 

Part II describes gemstones of hydrothermal, 
pegmatitic and igneous origin, the prime examples 
being Colombian emerald, tourmaline, topaz and 
aquamarine from Minas Gerais, and the rubies from 
the basalts of Thailand, The emerald chapter is 
particularly good and in common with others contains 
much local information, traditionally hard to obtain, 
which was gained at first hand by Dr. Keller. 

One feels that the reason for separating parts III and 
IV is less geological than perhaps presentational for 
both deal with gemstones originating from environ
ments of high pressure, high temperature or both. The 
ruby and jadei te of Burma are. described in part III and 
the book concludes in part IV with peridot from the 
Island of Zabargad in the Red Sea, and finally diamond 
from the lamproites in North West Australia. The dia
mond chapter diverges slightly from the normal chapter 
format, for how could the numerous famous diamonds 
be adequately dealt with in a book of this size? Instead, 
for collectors there is a detailed description of the 
characteristics of the Argyle diamond crystals. 

There are few errors in the book; on page II the texts 

for Figures 1- 6 and 1-7 should be switched; the 
Catamarca rhodochrosite locality on the map (page 20) 
should be in Argentina; and in some of the stylized 
diagrams the text is too small. On page 25 the weight of 
the Geological Museum peridot should read 146 carats, 
and the text describing the crystal in Figure 8-9 as being 
in the British Museum is probably an error for 
American (as it is so attributed in the Figure caption), 
These are but minor blemishes in a book well written to 
an effective formula and based on the author's personal 
visits and accounts, It does not delve too deeply into 
problems still unsolved - such as why some Sri Lankan 
gem gravels are at such a high topographic level - but 
fulfills a long-felt need in presenting a broad overview 
of the subject which will be of interest to a wide 
readership. Throughout, the text is augmented with 
clear and informative location pictures, and with 
superb pictures of the gemstones taken by Harold and 
Erica van Pelt. The book is well-produced and not 
expensive by today's standards, and it should be on 
every serious gemmologist and mineralogist's shelf as a 
handy source of current information and references. 

R,R. Harding 

Birch, W.D,(Ed), Zeolites oj Victoria. Melbourne 
(Mineralogical Society of Victoria: Special 
publication 2),1989. xii + 110 pp., 217 photos (36 in 
colour), 8 sketch-maps. 

Zeolites have been known in this part of Australia for 
over a hundred years but the recent growth of interest in 
mineral collecting combined with the development of 
SEM and electron microprobe techniques has recently 
led to the recognition and positive identification of 18 
zeolite species in Victoria. In this book the various 
regions of the State are covered in separate chapters, in 
which the individual zeolite occurrences are listed, 
accompanied in most cases by SEM photographs and 
details of associated minerals. Most of the occurrences 
are in Tertiary-Pleistocene basalts but a few 
occurrences from greenstones and granites are also 
reported. In the final chapter electron microprobe 
analyses are given for some 130 zeolites. 

R.A. Howie 

Mandarino, J.A. , and Anderson, V, Monteregian 
Treasures: the Minerals oj Mont Saint-Hilaire, 
Quebec. Cambridge and New York (Cambridge 
Univ. Press), 1989. xiv + 281 pp. Price £60,00. 

Mont Saint-Hilaire is about 40 km east of Montreal and 
is unique in the number of mineralogical species found 
in a very small area. A suite of igneous rocks occur as a 
funnel-like mass of peralkaline syenites, nepheline 
syenites, sodalite syenites, phonolites and intrusive 
breccias that contain xenoliths of kaersutite-bearing 
gabbro and hornfelsed shales and siltstones. Some 221 
mineral species have been recognised so far, including 
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126 species of silicates, 30 carbonates and 20 oxides. In 
this book there are 161 individual species descriptions 
and 20 group descriptions (including 60 species). Each 
description includes details on the physical properties, 
paragenesis, optical properties, chemical data and 
crystallography (unit cell data and morphology) . The 
text is illustrated with 75 line-drawings or black-and
white photographs and by 90 colour 
photomicrographs. Numerous appendices provide X
ray diffraction powder data, a tabulation of the species 
and the environments in which they occur, and the 
results of numerous microprobe and chemical analyses. 

The authors note that an important aspect was the 
decision of the quarry operators to allow collectors to 
visit the quarries and to obtain specimens. The 
discovery by an amateur collector of a pink mineral in 
large euhedral crystals, later identified by Perrault as 
serandite, and the description of this and several 
micromount species from Mt. Saint-Hilaire at two 
scientific meetings, started a rush to the mountain by 
professionals and amateurs alike. The professional 
interest was spurred on by field trips e.g. during the 
International Mineralogical Association meeting in 
Montreal in 1972, but it is nevertheless true that it was 
the amateur mineralogists who did most to promote the 
locality. 

R.A. Howie 

Bowes, D.R. (Ed). The Encyclopedia of Igneous and 
Metamorphic Petrology. Van Nostrand Reinhold, 
1989. 666 pp. Price £85.00. ISBN: 0442 20623 2. 

The Encylopedia of Igneous and Metamorphic Rocks 
is one in a series of 15 encyclopedias published by Van 
Nostrand Reinhold under the general editorship of 
Rhodes W. Fairbridge. 

It comprises over 250 review articles concerned first 
with the generation, migration, evolution and 
emplacement of magmas, leading to the wide variety of 
igneous rocks currently found at the earth's surface, 
and secondly with the generation of the metamorphic 
rocks, produced as a result of recrystallization of pre
existing rocks, most typically under conditions of 
enhanced temperatures and pressures. The length of 
these articles varies considerably, some being as short as 
100 words or so, and others, like that on ' lunar 
petrology', being over 3000 words long, forming some 
15 text pages when combined with figures and 
ill ustrations. 

The articles have been written by more than 100 
geologists from 18 countries, many of them 
internationally known experts in the particular field 
under review. As such, the reviews are both state-of
the-art and authoritative. They are further enhanced by 
individual bibliographies and appropiate cross
references, as well as by comprehensive author citation 
and subject indexes. The latter has 3000 terms, with 
over 7000 entries. These features ensure that the reader 
can not only readily obtain a sound review of a 
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particular topic, but also can either follow up more 
detailed literature on the topic or alternatively move into 
related fields. 

While many of the articles cover obvious topics for an 
encyclopedia of this kind (for example 'basalt', 
'ophiolite' , and 'metamorphic facies'), others are not 
and the reasons for their inclusion as 'main entries' are 
not clear. In this latter category, for example, fall 
'Alpine mafic magma system', 'Ariite', 'Dubachite' and 
'Khondalite'. Nevertheless, this should not be allowed 
to detract from the quality and scope of the entries as a 
whole, which as previously stated are typically 
authoritative reviews of key topics. 

In the preface it is stated that the concept of a series of 
reference works aimed to fulfil an important function in 
the libraries of both institutions and individuals. While 
some professional specialists may have a need for 
personal copies, the scope and price of this book means 
it is one more for consultation in a reference library. 
However, in that role it will serve as a very valuable 
source of information for persons wanting to obtain an 
up-to-date description of a particular term or process, 
and for the provision of further follow-up reading, if 
required. 

R.E. Bevins 

Roberts, W.L., Campbell, T.J., and Rapp, G.R., Jnr. 
Encyclopedia of Minerals. Second edition. Van 
Nostrand Reinhold, 1990. 979 pp. Price £75.00. 
ISBN: 0442 27681 8. 

The majority of readers will be conversant with the first 
edition of the Encyclopedia of Minerals, compiled by 
Roberts, Campbell and Rapp, and published in the mid 
1970's. They will also be very much aware of the very 
rapid increase in mineralogical data and the number of 
new species identified since then. Consequently this 
second edition of the encyclopedia is to be warmly 
welcomed . 

This edition completely revises and updates 
information on all currently accepted mineral species, 
which total over 3,200 in number. Some 1000 entries are 
new to this edition, with data for over 400 new species 
being added. 

Information for each entry comprises an accepted 
name, chemical formula, group, crystal system, class, 
space group, lattice constants, 3 strongest X-ray 
diffraction lines, optical constants, reflected light 
properties, hardness, density, cleavage, colour-lustre, 
mode of occurrence, and selected references. Like the 
first edition, the encyclopedia is illustrated, containing 
over 330 photographs, chiefly in colour. These 
photographs were compiled by Wendell E. Wilson, but 
reflect the work of 15 individual photographers. The 
minerals photographed were drawn from 81 public and 
private collections and, unlike photographs in the first 
edition which were chiefly of micromineral specimens, 
are largely of macro speimens. In my own opinion, this 
represents a marked improvement for this edition 



compared with the first. The photographs are all of a 
very high quality, reflecting the impressi ve skills of the 
individual photographers, although naturally they 
illustrate only a very small fraction of known mineral 
species. To be fair, however, they are not intended to 
serve as a means of identifying minerals; rather, they 
provide the opportunity to observe the characteristics 
ofa small proportion of the mineral kingdom, as well as 
the admirable skills of the photographers themselves. 

Undoubtedly, the 3200 or so entries in the 
Encyclopedia make up one of the most authoritative, 
comprehensive, and up-to-date compilations of 
mineral data currently available. To this end the 
Encyclopedia is an invaluable source of reference to 
both amateur and professional mineralogists alike. To 
both groups it provides in one volume not only the data 
currently available relating to valid mineral species, but 
also an aIJpropriate reference for more detailed 
investigations. 

While the price may be prohibitive for many pockets, 
there can be little doubt as to the value that the 
Encyclopedia represents. Consequently, a significant 
number of amateur and professional mineralogists will 
no doubt wish to have a personal copy close to hand. 
For those whose budget does not stretch that far, I 
would urge they ensure that a copy is available for 
reference at a local library or museum. 

R.E. Bevins 

O'Donoghue, M. The Pocket Guide To Rocks and 
Minerals. Limpsfield, Surrey. (Dragon's World Ltd.) 
1990. 224pp. £6.95. 

The declared aim of this book is to introduce the reader 
to a comprehensive variety of rocks and minerals to be 
found both in the field and in major museum 
collections. Like other books of its type it seeks to 
achieve this by the use of abundant colour 
photographs. A brief review of the major rock groups 
precedes sections which outline a number of aspects of 
the science of mineralogy. These serve as an 
introduction to the main volume of the text which 
comprises descriptions of approximately 260 mineral 
species, each illustrated by a single small colour 
photograph. 

The section devoted to rocks is undoubtedly the least 
satisfactory part of what is a generally unsatisfactory 
book. The main rock groups are outlined in such a 
muddled and confused manner that the newcomer to 
geology is most unlikely to gain any appreciation or 
understanding of the topic. No attempt is made at 
descriptions of individual rock types, despite the 
publisher's claim on the book's cover. Instead the 
reader is offered a small and unbalanced selection of 
colour photographs of hand specimens. Few of these 
offer anything towards identification and many, eg the 
fine-grained igneous rocks, are frankly useless. 

The author is clearly at home when he moves on to 
the mineralogical section, though here again a confused 

and difficult style of writing is more likely to discourage 
than to enthuse a budding mineralogist. 

A brief, and essentially historical, review of the 
science of mineralogy is followed by an outline of 
mineral classification in which the major mineral groups 
are briefly introduced, though with the conspicuous and 
serious omission of the elements. The difficult style of 
writing is particularly apparent -in the somewhat 
rambling review of the silicates: any intending amateur 
mineralogist must indeed be determined if he, or she, 
proceeds beyond this section. 

Under the headings of 'crystal morphology' and 
'crystals and light' the author makes a brave attempt at 
introducing the notoriously difficult subjects of 
crystallography and optics though again the treatment is 
unlikely to inspire even the most dedicated reader. 

The section devoted to 'Identifying minerals' begins 
sensibly enough with a treatment of hardness, though 
for some inexplicable reason ends with a final paragraph 
on valency! A state of editorial anarchy seems to reign 
for the next few pages. One would expect, indeed logic 
would require, that under the general heading of 
identifying minerals the reader would be led through 
such mundane but essential topics as colour, streak, 
specific gravity, lustre etc. Instead we are given a rather 
individualistic view of crystal growth followed by an 
attempt at optics and the cause of colour in certain 
minerals. 

In any book aimed at collectors a certain amount of 
'preaching' on the subject of conservation, both of sites 
and specimens, is today an essential ingredient. The 
author is to be commended for some of his comments 
here, in particular his views on the absurd 'macho' 
element of underground collecting. However he could 
be more helpful in suggesting sources of information. 
Whereas much of the geological and mineralogical 
literature is somewhat esoteric it is by no means as 
inaccessible to the serious amateur as he implies. 
Reference to the existence of Mineralogical Magazine, 
Mineralogical Abstracts etc as well as such standard 
classic works such as Heddle's Mineralogy of Scotland 
and Greg and Lettsom's Mineralogy of Great Britain 
and Ireland, all accessible through major public 
libraries, would set the British collector on a fruitful 
course. 

Much of what is said about care and cleaning of 
specimens is sound and well established practice. 
However his comments on the use of hydrofluoric acid 
(HF) are to say the least interesting: ' .... remember that 
if you are using HF and look around to find you are in 
your own home you should not be there or using the 
acid ... '. Perhaps the only saving grace here is that no 
amateur is ever likely to obtain either this or sodium 
cyanide, the use of which is also outlined on the same 
page! 

The bulk of the book is taken up with descriptions of 
individual species, the details no doubt culled from 
standard descriptive textbooks . One may quibble about 
any selection of the rather less than ten per cent of 
known minerals chosen for description although most of 
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the commonest likely to be encountered in the field , and 
many of those most likely to be seen in museum 
collections, are included. If this section does little more 
than whet the appetite to learn more it will have 
succeeded. Colour photographs can have a limited role 
to play in such descriptions. Many of those used are 
very good, especially in view of the size of reproduction. 
Several are, however, less satisfactory and many are 
simply useless either because of their poor quality eg 
atacamite, caledonite, childrenite, grandidierite, or 
because photography has little or nothing to offer in the 
identification of some species eg bayldonite, 
dumortierite, susannite, sylvanite. In one instance, 
kyanite, doubt must be attached to what was actually 
photographed! 

The book is attractively printed on good quality 
heavy paper. The spiral binding, though perhaps not to 
every ones liking, is a practical solution to problems of 
durability with a pocket guide, though the dust cover is 
cumbersome and will rapidly be discarded. Regrettably 
however the quality of production is not in any way 
matched by the contents. The text fails to meet most of 
the claims made on the book's cover. There are many 
very much better elementary introductions to rocks and 
minerals which are written, and edited, in a much more 
readable form . For anyone wishing to take up this 
subject O'Donaghue's book cannot be recommended. 

B. Young 

Cooper, M.P. and Stanley, C.l . Minerals afthe English 
Lake District - Caldbeck Fells. London (British 
Museum [Natural History]). 1990. vi + 160 pp., 32 
figs, 69 colour photos, 11 maps, 3 tables. Price 
£14.95. 

For the second in a series on the minerals of the British 
Isles the Natural History Museum has chosen the 
comparatively small but richly mineralized area of the 
Caldbeck Fells in the northern Lake District. The 
choice of title for this obviously attractive book is 
unfortunate. Unless the book is to be followed by 
others on the minerals of other parts of the Lake 
District the simpler and more direct title 'Minerals of 
the Caldbeck Fells' would seem an obvious choice. 

In common with its companion volume 'The 
minerals of Devon and Cornwall' the contents of this 
book fall into two parts. The first includes a very brief, 
but generally adequate, outline of the geology of the 
Caldbeck Fells. Sections follow in which the main 
groups of mineral deposits are described and classified 
and their origins discussed. 

The numerous vein deposits of these fells contain a 
variety of mineral assemblages for which the area has 
long been celebrated . A section is devoted to mining, 
one of Lakeland's oldest traditional industries, which 
has been an important but intermittent feature of the 
Caldbeck Fells from at least the 16th Century until the 
closure of Carrock Fell Mine in 1981. 

Details are given of the more important mines and 
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mineralized sites. A chapter on the activities of mineral 
collectors and dealers gives a valuable insight into an 
important, but often neglected, aspect of mineralogy. 
Here we learn that for some reason Caldbeck Fells were 
largely overlooked by collectors during the early years 
of mineralogy. Even in the 19th Century comparatively 
few dealers and collectors seemed to have shown much 
interest in the area; a striking contrast to the over
collecting and damage which have been the hall-mark 
of many who have visited the fells in recent years. 

The second part of the book is devoted to the 
minerals for which the area is famous . The authors 
point out that the area contains a greater variety of 
mineral species than any other area of comparable size 
in Great Britain. Much of this section takes the form of 
a descriptive catalogue in which are listed all of the 
vein minerals. Presumably because they attract little 
attention from collectors so called 'rock-forming' 
minerals are generally excluded, though listed in an 
appendix. Much of the information contained in this 
section is, of course, quoted more or less directly from 
existing published mineralogical literature and, 
although in large measure duplicating earlier more 
comprehensive compilations, the authors add 
numerous original comments from both their own 
observations and those of a number of mainly amateur 
collectors. Within this section, and elsewhere in the 
book, some 61 mineral specimens are illustrated, all , 
except a handful of SEM pictures, in colour. Although 
the photography is of high technical quality there is a 
surprising dearth of illustrations of fine specimens from 
the national collections. Only 14 of the 61 are Natural 
History Museum specimens despite the authors' 
comment that for Caldbeck Fells minerals the 
collections of the Natural History Museum are 'without 
parallel'. The majority of the remainder are interesting 
examples of 'micro' specimens from a small number of 
private collections. This is rather a disappointment as 
an opportunity appears to have been missed to 
illustrate and discuss the history of some of the best 
specimens ever collected from the area as was done to 
great effect in The Minerals of Devon and Cornwall '. 
Species are listed by locality in a useful appendix which 
is, however, rather spoilt by the authors', apparently 
arbitrary assessment of the 'importance' of certain 
occurrences. It is difficult for example to understand 
why the occurrence of mattheddleite is of local 
importance at two sites, national importance at one 
and no particular significance at the other. One small 
error noted here and in the catalogue: Carrock Fell 
Mine is not the first published British occurrence of 
powellite. 

All criticisms of this book are however generally 
minor and detract little from what is undoubtedly a 
valuable addition to the literature of British 
Mineralogy. It will appeal equally to both the amateur 
and professional mineralogist and is good value for 
money at £14.95. Not only are the authors to be 
congratulated on a fine piece of work but the Natural 
History Museum deserves praise for initiating what 



promises to be a magnificent series of books on British 
Mineralogy. 

B.Young 

Ian F. Mercer. Crystals. British Museum (Natural 
History), 1990,60 pp. Price £4.95. 

This brief but generously illustrated book sets out to 
give an entertaining introduction to crystals and 
crystallography aimed principally at the general pUblic. 
The sixty short pages pack in a wealth of high quality 
colour photographs and diagrams in support of a 
tightly written, well planned text, to give a book that 
falls somewhere between a museum pamphlet and a 
proper textbook. Each pair of pages is treated as a 
complete section, with the text divided into three 
heirarchical levels of increasing detail and decreasing 
type-face. The result is a commendable piece of work 
which visitors to a museum's mineralogy gallery would 
do well to take away with them, and which also could be 
used by schools and enthusiastic parents. The 
impression I had after reading the book was that it is 
very professionally presented, with a lot of emphasis on 
style and design. The text has a snappy,journalistic feel, 
refreshingly free of the self-concious formality of 
standard scientific writing. 

The book is divided into four sections. 'The Inside 
Story' describes what crystals are and explains their 
importance as fundamental building blocks of the 

earth's crust and in the manmade world about us. Then 
comes 'See How They Grow' , examining the 
mechanisms and patterns of natural and industrial 
crystal growth. The third section is 'Crystals and You', 
a rather mixed bag covering optical propeties of 
crystals, amateur collecting and cultivation, 
technological uses of crystals, and lastly folk lore 
surrounding crystals. At the rear, the book culminates 
in a glossy photo gallery of artificial and gem crystals, 
followed by two pages of 'Facts and Figures' covering 
events in the history of crystallography, morphological 
classification of common minerals, and miscellaneous 
facts such as the largest crystal and the longest 
stalactite. 

Perhaps a review should stop here, on a high note, 
but it is fair to say that this book is really no more than, 
as it were, an introductory sampler. Read during the 
rainy evening after a museum visit, it should help 
stimulate interest in its subject, and even if it doesn't 
achieve this it will remain an attractive souvenir. 
Reading it in isolation, I was concious of a sense of 
superficiality, as if the factual content had been diluted 
in favour of a showy presentation. Such criticism is 
probably unfair, however, since the book is within its 
limitations, and fits well with the modern vogue for 
marketing science. Nevertheless, if you want to move 
on into the guts of mineralogy or crystallography then 
you'll have to invest in something more substantial. 

Neil Fortey 
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THE RUSSELL SOCIETY 

The Russell Society is a mineralogical society which 
aims to serve 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 
not only throughout the United Kingdom but also 
overseas. A network of branches is now developed, and 
these provide members with greater opportunity for 
personal contact and better communication. Four 
branches have been established, namely: a Central 
Branch based in Leicester; a Wales and West Branch, 
based in Cardiff; a Northern Branch, based in 
Newcastle upon Tyne; and a South West Branch based 
in central Cornwall. 

The Society provides a focus of interest for the 
enthusiastic amateur and professional mineralogist 
through its publications (the Journal and the News
letter), lectures, informal discussion groups, ex
hibitions, excursions to mineralogical sites throughout 
the British Isles, and through the maintenance of close 
contacts with national and local museums holding 
mineral collections. 

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 recording of mineralogical data. 
Encouragement and advice is given to foster the 
responsible collecting of mineral specimens. 

SOCIETY LIBRARY 

The Society maintains a library covering the disciplines 
of mineralogy, crystallography, petrology, general 
geology and palaeontology, together with periodicals 
and a range of off-prints. The Library is housed at the 
New Walk Museum, 96 New Walk, Leicester LEI 6TD, 
and is managed by Ms Gill Weightman. Donations to 
the Library are most welcome. 

JOURNAL OF THE RUSSELL"SOCIETY 

The Journal publishes papers from amateurs and 
professionals alike, specializing in the topographi.cal 
mineralogy of the British Isles, but also promotmg 
papers more internationally based, those reviewing 
techniques in mineral identification and analysIs, and 
reports of relevant conferences and mineral shows. 
Members of the editorial board are willing to help 
prospective authors to set out their manuscipts in the 
required style and format. Papers submitted for con
sideration for publication in the Journal should be 
forwarded to the Journal Editor, Dr Richard Bevins, 
Department of Geology, National Museum of Wales, 
Cardiff, CFl 3NP. Book reviews appear on a regular 
basis as do advertisements from mineral suppliers, 
publ{shers, antiquarian book dealers and the like. Such 
adverts should be forwarded to the Journal Manager, 
Mr Roy Starkey, 15 Warwick Avenue, Bromsgrove, 
Worcestershire, B60 2AM, from whom details of 
advertising rates are also obtainable. 

NEWSLETTER 

The Russell Society also publishes a Newsletter, which 
is circulated to all members. The Newsletter is less 
formal than the Journal, and is the vehicle through 
which members are kept abreast of Society activities, 
details of new members, changes of address, etc. 
Reports offield meetings and meetings programmes are 
also a regular feature of the Newsletter. Contributions 
should be forwarded to Newsletter Editor, Mr John 
Jones, 31 Bridgefields, Kegworth, Derbyshire, DE7 
2FW. 

MEMBERSHIP 

Members receive free copies of both the Journal and the 
Newsletter. Details of membership are to be obtained 
from The Secretary, Mr Trevor Bridges, 10 Springfield, 
Ovington, Nr. Prudhoe, Northumberland, NE42 6EH. 
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Books on geology from 

NATURAL HISTORY MUSEUM PUBLICATIONS 

NEW 

CRYSTALS 
I F Mercer 
An exciting study of the 
formation of crystals, their 
characteristics and applica
tions. Lavishly illustrated 
with colour photographs and 
illustrations. 
1990 200x2lOmm 60pp 
o 565 01083 2£4.95 

CRYSTALS 
FORM & FANTASY 
HBari 
This beautifully illustrated 
book looks at crystals as 
scientific specimens and 
artistic objects and 
accompanies a prestigious 
travelling exhibition. 
1989 200x2lOmm 32pp 
35 colour illustrations 
0565 10167 0 £2.50 

MINERALS OF 
CORNWALL & DEVON 
P G Embery & R F Symes 
Well written, aesthetically 
pleasing and well supporled by 
fine illustrations throughout ... 
in many ways unzque 

Geological Curator 
The choice of specimens and 
high standard of photography 
are excellent. 

Geology Today 
1987160pp 
111 colour illustrations 80 figs 
o 565 00989 3 £12.95 
o 565 01046 8 £19.95 

NEW 

AGATES 
H G Macpherson 
The location and formation of 
agates is described in this book 
along with their scientific 
properties. 
... spectacularly illustrated guide. 

New Scientist 
1989 21Ox200mm 72pp 
0565 01100 6 £5.95 

GEMSTONES 
C M Woodward & R R Harding 
Aesthetically pleasing, enjoyable, 
accurate, succinct, tempting those 
with an arlistic inclination into 
science before they even realise it. 

New Scientist 
A model of its kind 

Geology Today 
1987 210x200mm 60pp 
o 565 01011 5 £4.95 

NEW 

MINERALS OF THE 
ENGLISH LAKE 
DISTRICT:CALDBECK 
FELLS 
M P Cooper & C J Stanley 
Documents the geology of the 
mineral deposits of the area 
along with their long and interes
ting mining history. Localities 
and a comprehensive biblio
graphy are included along with 
many colour illustrations. 
June 1990 285x225mm 160pp 
0565 011022 £14.95 '1 ) ~ Send orders to Publications Sales, The Natural History Museum, 

~ ~ Cromwell Road, London SW7 5BD Tel ~71-938 9386 
~ Please include 10% for postage and packing 




