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1 Introduction 

 Edward Greenly’s name is a legend to geologists in Wales. Between 
1895 and 1919, alone except for the assistance of his wife Annie, he 
surveyed the entire island of Anglesey in minute geological detail using the 
6 and 25 inch-to-the-mile Ordnance Survey maps, then only recently issued 
(equivalent to today’s 1:10000 and 1:2500 scales). His final summary map, 
published in 1919 at a scale of 1 inch to the mile and later issued re-scaled 
to 1:50000, remains today the standard geological map of Anglesey, over 
80 years later. 

Along with the map, a great Memoir of some 980 pages was issued in 
two volumes, covering every detail of Anglesey’s geology. Much of the 
theoretical content of this Memoir has been superseded by later research, 
but such is the accuracy of Greenly’s field work that these volumes remain 
a standard work of reference. Few if any publications dealing with the 
Geology of Anglesey fail to make reference to them. 

Though readily available in libraries, these volumes have become rather 
rare.1 However, in several areas of special interest to local historians and 
others, they contain information not available from other sources; it is 
therefore intended to republish certain key chapters and sections in booklet 
form. This present one, the first of what may become a series, covers the 
geology and a good deal of the history of the copper mines of Mynydd 
Parys and consists of the parts of the Memoir dealing with these and rela ted 
matters.  

The Memoir’s original page numbers are given in the text between / 
(solidus) symbols when they change. Thus the beginning of page 830 is 
indicated by /830/ etc. Where it has been necessary, for the sake of clarity, 
to interpolate remarks into Greenly’s narrative, these are placed in square 
brackets [ ]. Footnotes in addition to Greenly’s have been added, to clarify 
technical terms and where subsequent information either augments, or 
corrects, any of his facts. These notes are also included in square brackets. 
Greenly’s original figures and photographs illustrating the sections 
reproduced below, have also been included. The position of Parys Mountain 
at Amlwch, in the North of Anglesey, is shown on Greenly’s geological 

                                                                 
1[Many copies seem to have been destroyed in a warehouse fire during the Blitz of 1940-41; 
see letter E.G to Sir John Lloyd, U.W.B Lloyd Papers 319(37).] 
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map reproduced in sketch form opposite, showing the general outlines of 
the Precambrian and Lower Palaeozoic formations comprising the solid 
geology of the island.  
 
T.P.T.Williams  
May 2005 
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2 Greenly and Mynydd Parys 
 
Greenly was fascinated by Mynydd Parys. In later life, he gave an account 
of his work there 2:-  
 

‘Meanwhile, there was Parys Mountain, always visible on my north; 
next to nothing was known of its geology. Amlwch was a mile nearer, but 
curiosity was too strong, so one day, up I went, wondering what I was to 
see, and rarely indeed have I been so astonished. Anglesey has two deserts, 
one made by Nature, the other made by Man: Newborough and Parys 
Mountain. Views from the rusty-brown summits of Parys, over the green 
southern lands or over the blue northern sea, are contrasts in colour which 
no-one who sees them is ever likely to forget. When my Colleague [Mrs 
Annie Greenly 1852-1927] came at the week-end, I said:- “You really must 

                                                                 
2 [E. Greenly A hand through time 2 Vols London, Murby & Co. 1938 Vol. 1 pp. 293-4]  

Fig.1 Silicification obliterating cleavage, East Pit, Parys Mountain 
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see this extraordinary place,” so she had a day with me in the mines. The 
weirdness of its desolation took hold of her poetic soul: it was to her like 
the Inferno of Dante. Its fascination never left her: “Let’s go again to Parys 
Mountain” she said to me almost at the close of her career. It has become 
covered, in 150 years, with enormous heaps of debris, in the midst of which 
are two great pits, 100 feet or more in depth. The desert is due to chemical 
causes. Crags and blocks are full of sulphides which, under the oxidising 
action of the rain, breed a film of sulphuric acid, and that inhibits vegetation.  

When I first walked into the pits, I was utterly mystified. What was this 
hard siliceous rock, very like a gray chert, yet in such vast quantities? I 
soon found that it was shale, which had been ‘soaked’ in silica. In the 
Anglesey Memoir, Plate XXXIII 3 is to show this phenomenon, which is 
well seen just above a most alarming black chasm, leading down to ... 
where? I was put in as a scale, sitting at the brink of it, and my Companion 
said at once:- “Why: Edward at the mouth of H__l” which remained her 
title for it. Everything, too, is full of tiny golden cubes, but nearly all is 
iron-sulphide, for the later miners cleaned away almost every scrap of 
copper. But until lately copper was still being won by pumping water into 
the workings, where it slowly took up copper sulphate. This was led into 

                                                                 
3 [Fig. 1 of this booklet ] 

Fig. 2 Parys mountain, the West Pit , looking towards the summit. 
Silurian shale, silicified shale, felsite, boulder clay and spoil-banks. 
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shallow tanks and treated with scrap-iron, the iron being then dissolved and 
the copper coming out as a heavy brown mud. Fantastic truck-loads came 
along the railway: battered pots and pans and kettles, broken-down 
machinery, rusty wire, old bedsteads. In the office of the mines I transferred 
the courses of the lodes from the old plans to my own maps. But of the 
giant heaps of debris: which came from which lode? One man only still 
knew, Hughes the ‘Captain of the Mine’, and what he knew would die with 
him. So I had a day with him on the hill, and his knowledge will not now be 
lost, for I recorded it on my maps.  

In the shales, where not silicified, I found my only ‘new’ species, the 
only animal new to science which I have had the privilege to find, called by 
Miss Elles 4 because it is ‘bearded’, Diplograptus barbatus.5 

Some of my days were roasting hot, and tea was rarely more delightful 
than in a very strange place for tea: the chemical laboratory of the mines, 
with rows of dusty bottles and test-tubes and retorts. 

Parys Mountain was now mapped, but many a day did I go there again, 
so great were the perplexities of interpretation. And I took geologists there, 
Flett, 6 Horne, 7 and Miss Elles among them; always to be astonished, as I 
am myself to this day.’  
 
The remainder of this booklet consists of the fruits of Edward Greenly ’s 
work at Mynydd Parys. Although completed over eighty years ago, it has 
not been, and in many ways never can be, superseded.  

                                                                 
4 [Gertrude Lilian Elles 1872-1960 D. Sc Dublin, Sc. D Cambridge, Reader in Dept. 
Geology University of Cambridge. Collaborated with Charles Lapworth (1842-1920) and 
Ethel M. R. Wood on the Monograph of British Graptolites.] 
5 [Diplograptus Barbatus A species of early-Silurian two-branched graptolite of the family 
Diplograptidae, formerly called Glyptograptus and first discovered in 1906 by E.G. at 
Mynydd Parys in shales of Llandoverian age.] 
6 [Sir John S. Flett; Former Director, British Geological Survey.] 
7 [John Horne 1848 -1928; Officer of the British Geological Survey. Worked with E.G. in 
Scottish Highlands prior to 1895.] 
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3 Parys mountain paleontology8 

 
The rocks forming the northern slopes of Mynydd Parys are Ordovician 
shales. Greenly first mentions the mountain in the context of the fossils 
found in the rocks of this period throughout Anglesey. After dealing with the 
island=s extensive Arenig and Lower Llanvirn exposures, with their 
abundant graptolite, brachiopod and trilobite fauna, he has this to say of 
the mountain, whose Ordovician shales, oddly barren of fossils, he believed 
to be the youngest rocks of that period to be seen in Anglesey, and 
contemporary with Scottish formations from the Upper Llanvirn then known 
as the Hartfell beds.. 
 
/412/ With the zone of Dicran[ograptus] clingani the faunal succession of 
the Ordovician comes to and end, so far as is at present known, in Anglesey. 
Miss Elles remarks that on the adjacent main land, at Conway, the graptolite 
fauna comes to an end at that same horizon, a change in the lithology also 
setting in. At Conway, though the upper parts of the pale mudstones that 
succeed have yielded many trilobites, the lower parts are barren. In 
Scotland, the Dicran. Clingani shales are succeeded by a few feet of black 
shale of the zone of Pleurograptus linearis, and those by pale greenish 
mudstones with one or two thin seams of shale. They are the ‘barren 
Mudstones’ but their shale-seams have yielded graptolites of the zones of 
Dicellagraptus complanatus and Dicell. Anceps. 

Now, on the northern slopes of Parys Mountain, rising, so far as can be 
made out, from beneath the lowest zone of the Llandovery, are certain 
barren green shales of a type that has not been seen on any other horizon of 
the Ordovician succession in the Island; and Mr. Macconochie considered 
that, allowing for the effects of cleavage, they bore a decided resemblance 
to the Scottish ‘Barren Mudstones’. In this view Dr. Horne, who visited the 
ground, is inclined to concur. Dr. Peach, to whom he showed a specimen, 
thought ‘it might well pass for a type between the normal zone in the 
Moffat area, and the Lowther shales which represent that zone in the 
Leadhills region’. They are certainly in the position where the upper part of 
the Hartfell series might be expected to rise. He same green shales are 
found again on Mynydd Eilian, lying some way above beds that are just at 

                                                                 
8 [Greenly’s quoted text Courtesy British Geological Survey] 
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the passage from the Glenkiln to the Hartfell series. True green shales are 
not found at Conway, but the trilobite mudstones of that district have dull 
green tracts and films, and might easily, by deformation, have been 
converted into rocks like some dull green beds at the base and top of the 
Parys northern shales. Yet their trilobites could hardly have been so totally 
obliterated. Parys Mountain is about 100 miles from the Moffat area of 
Scotland, and Conway is 23 miles away in a direction at right angles to the 
Parys-Moffat line. The Lower Hartfell shales of Anglesey are of the same 
type as those of Moffat. The Parys green shale resembles, admittedly, the 
Scottish Barren Mudstones. It is possible that a change in the conditions of 
sedimentation may have taken place four times as rapidly in an /413/east-
south-east, as in a north-north-east direction, so that the correlation here 
suggested is not as improbable as at first appears. More than this it does not 
seem possible to say until Upper Hartfell fossils are found in Anglesey. 
 
After completing his palaeontological descriptions, Greenly recapitulates 
the six zonal types of Ordovician shale he feels able to distinguish. As far as 
zone 6, the Parys shales are concerned, he says:- 
 
 /413/The barren shales of Parys Mountain and Mynydd Eilian are rather 
fine and smooth, pale, and differing from all the rest [of the Ordovician 
shales of Anglesey] in having a distinctly greenish tinge. The colour is due 
to chlorite (apparently pennine), with some delessite, partly disseminated in 
thin flakes that lie along the cleavage, but occurring also as veinlets, in 
which they develop crowds of imperfect spherulites. These chlorites are of 
relatively recent date, for the veinlets cut the cleavage, though usually at a 
low angle. 
 
At p.414 of the Memoir, a section devoted to the ‘Graptolite sub-faunas of 
Anglesey by Miss G.L.Elles’  appears. See footnote above for brief details 
of Gertrude Elles, who became one of the great figures of 20th century 
British palaeontology, and the country=s leading graptolite expert. She 
deals with the Parys graptolites as follows:- 
 
 /415/Beds with a peculiar fauna as yet unknown elsewhere in North 
Wales have been discovered in the old ‘Chapel’ shaft at the west end of 
Parys Mountain: the peculiar feature of these beds is the occurrence of 
numerous Phyllograpti (chiefly Phyll. Angustifolius Hall); other forms, 
however, such as Did[ymograptus] acutidens E. & W. and Did. dentatus 
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(Broign[art]) are found, which belong to the zone of Did. bifidus elsewhere, 
and it is probable both from the position of the beds, and the nature of the 
fauna, that these beds belong to the lowest portion of the zone of Did. 
bifidus or to beds immediately underlying that zone. 
 
Recapitulating at the close of her section on the graptolite sub-faunas, Miss 
Elles continues:- 
 
 /417/ All the Llandovery zones would appear to be represented in the 
shales of Parys Mountain, though it is only by close scrutiny of the fauna 
that this becomes apparent. With the exception of those mentioned at the 
end of this paragraph, all the fossils have been obtained from the spoil-
banks of certain shafts and tunnels. Such forms as Dimorphograptus, 
Cl[imacograptus] medius, Tornq., Monograptus cyphus Lapw[orth], 
Mesogr[aptus] modestus Lapworth seem to indicate the Modestus flags of 
the Conway district and other areas, while Monograptus revolutus Kurck, 
M. Jaculum Lapw., M.gregarius Lapw., Mesogr. magnus (H. Lapw.), 
Glypt[ograptus] sinuatus (Nich[olson]) and Petalogr. minor (Elles), seem 
to indicate the horizon of the zone of M.Gregarius, also known at Conway 
with a similar fauna. The zone of M.convolutus (His.), M.limulatus Tornq., 
M.regularis Tornq., M.involutus Lapw., M.leptotheca Lapw., M.clingani 
(Carr.), Cephalogr. Cometa  (Gein.) and other forms (Williams, Geol. Mag. 
1907 p. 149); and the highest zone of M. Sedgwicki has also been detected 
and has yielded M.Sedgwicki (Portl.), M. tenuis (Portl.), Glypt. serratus, var. 
barbatus E. & W., and Cl. scalaris (His.) , a perfectly typical assemblage. 
Both these zones show a richer fauna than beds of the corresponding 
horizon on the mainland, at least as far as the Conway district is concerned. 
There is some indication of the presence of slightly higher beds, but the 
fossils are poorly preserved, and the evidence at present is not very 
conclusive. 
 
Greenly was clear that the core of the Mynydd Parys ore-bearing region 
was of Silurian age. He considered that the Palaeozoic rocks of the N.E. of 
Anglesey, south of the Carmel Head Thrust-plane, were much folded and 
distorted. 
/419/There are at least 10 infolds great enough to bring in the higher 
[graptolite-bearing Ordovician] zones, those above that of Didymograptus 
bifidus. That of Parys Mountain brings in even Silurian beds [....] Then 
barren green shales referred to the Upper Hartfell appear on the northern 
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slopes of Parys Mountain, on a /420/limb of the deepest of all the infolds, 
that which takes in the Silurian beds. 
 
When considering the overall thickness of the shales Greenly concludes:- 
 
 /422/ At Conway the Bala mudstones attain to about 430 feet [131m in 
thickness], and the green shales of Parys Mountain are likely to be a good 
deal thicker. 
  
Greenly returns to Parys from time to time in his detailed individual 
sections dealing with each area of Ordovician and Silurian rocks in 
Anglesey. 
 
 /457/The Silurian shales within the felsite infold and on the southern 
side are described in Chapter XV [of the original Memoir; see below under 
original p. 480]. Skirting the northern margin of the felsite is a zone about 
200 yds [183 m] wide, of dull grey shale, which has a greenish tinge in 
places. It graduates down into the green shales themselves (E.11266), which, 
with an outcrop some 300 yds [274.3 m] in width (possibly due to 
repetition), occupy the northern dip-slope. They contain a few dark seams, 
and thin grey films are frequent in them. Near the foot of the steep slope 
they are succeeded by dark shales with only a few green films, in which, at 
intervals of 6 or 8 inches [170 mm], are thin hard mudstones, rather darker 
than the shale, dipping at about 80?, and crossed at an acute /458/angle by 
the cleavage. They can hardly extend along the strike for a quarter of a mile. 
None of these beds, though well exposed, and repeatedly searched by Mr. 
J.O.Hughes, by the writer, and by the Survey Collectors, have yielded any 
fossils. They are the beds which have been provisionally correlated 
(Chapter XIII) with the Barren Mudstones of the Scottish Hartfell group. 
Not even their most northerly beds resemble the shales of the zone of 
Dicran[ograptus] clingani, so that the Lower Hartfell beds are probably 
over-ridden by the Carmel Head thrust-plane. 
 
On the same page, Greenly then describes three important fossilferous sites 
in spoil-tips from old mine shafts:- 
 Where the road from Trysglwyn meets meets the road that goes over 
Parys Mountain to Amlwch, a level ‘370’ is given on the map, and 133 
yards [121.6m] from this, in the direction of Rhos-y-bol, a footpath going 
westward leaves the road. Close to this footpath, about 60 yards [55m] 
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along it, there is an old shaft, which, from a small (unnamed) chapel just 
across the stream that runs off the mountain, may be called the >Chapel 
shaft=. It is hardly more than 10 yards [9.1m] from the base of the Parys 
Mountain felsite. Black shale from it yielded [Af. 1156-82, 3500-3]: 
 

Azygograptus ? 
Climacograptus sp. 
Didymograptus acutidens ? E. & W. [ or Leptograptid stipe ?] 
Didymograptus sp. [=extensiform= group]  
Diplograptus (Glyptograptus) dentatus Brong[niart]. 
Glossograptus armatus Nich[olson]. 
Phyllograptus angustifolius Hall 
Phyllagraptus cf. Typus Hall 
Caryocaris sp. 
Placoparia ? 

 
That from a shaft 150 yards [137m] to the north-west yielded [Af. 1150-5, 
1183-8]: 
 

Didymograptus bifidus (Hall) 
Didymograptus patulus (Hall) 
Didymograptus stabilis E. & W. 
Lasiograptus (Hallograptus) mucronatus (Hall) var. inutilis (Hall) 
Phyllograptus cf. Typus Hall 

 
That from a shaft 30 yards [27.5m] further to the north-west [Af. 1189-
1204]: 
 

Dicellograptus moffatensis (Carr.) 
Dicellograptus sp. 
Didymograptus acutidens E. & W. 
Diplograptus (Glyptograptus) dentatus (Brongn.) 

 
Miss Elles refers these shales to the base of the zone of Did. Bifidus, and 
her remarks on the fauna have been given on p.415.  
Greenly gives his view of the deep folding at Parys as Fig. 214 of the 
Memoir, reproduced in this booklet as Fig. 6. Describing the figure, he 
adds with regard to the above-mentioned spoil-tips:- 
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 /459/ In relation to the Parys Mountain infold, [their] presence is 
extremely perplexing, for [they are] found close to the base of the felsite 
[see below], just where the highest Hartfell zones would naturally be 
expected to plunge beneath the Llandovery [Lowest Silurian]. The 
difficulty may, to begin with, be somewhat alleviated by remembering that 
the fossils were obtained from the tops of refuse-heaps, which must, 
accordingly, have come from the bottoms of the shafts. The Chapel Shaft is 
130 feet [40m] deep, so that its bottom is lower than the valley floor along 
which the fault runs. The Phyllograptus beds may therefore have no 
outcrop at all, and are, in any case, 130 feet below the base of the felsite. 
The positions of the zones are, nevertheless, anomalous, and the difficulty 
is twofold. From the occurrence of the ironstone at Penbol, the country 
thence to Parys Mountain might have been expected to consist of an infold 
of Upper Glenkiln and of Hartfell beds deepening north-eastwards to pitch 
under the Llandovery shales: instead of which we find Lower Llanvirn 
shales rising. And in the second place, the proximity of the Phyllograptus 
beds to the base of the Llandovery calls for explanation. It is evident that 
serious disruptions underlie the Parys Mountain infold.  

The first difficulty may be met by supposing that the beds from 
Rhosgoch to the Chapel Shaft [see 1-inch map] rise on the western side of a 
thrust with a westward inclination (le it be called the ‘Chapel Thrust’) 
which, emerging from beneath the Carmel Head thrust-plane somewhere to 
the north of Parys Mountain, runs south-west, and, curving to the south, 
pushes the Phyllograptus beds south-eastward over the higher zones. It is, 
however, extremely difficult to find a satisfactory line for such a thrust; and 
moreover, the persistent inward dips all round the curve at Rhwnc are the 
opposite to such as would be produced at it. In the farmyard at Rhwnc, 
where the base of the felsite is exposed (Fig. 212) [of the original Memoir, 
see Fig. 4 of this booklet], it is thrust over the shale, and the thrust (which 
may be called the Rhwnc thrust-plane) is evidently powerful, but is at a low 
angle (10o - 15o)., and from the north-east. On the other hand, Mr. Fanning-
Evans9, the manager of the mines, states that the lodes worked from the 
                                                                 
9 [Thomas Fanning-Evans Junior, Parys Mines manager at the time of Greenly’s Survey, 
circa 1910. His father, T. Fanning Evans Senior 1837-1891 had held this post before him and 
had published The Mines of the Parys Mountain in Trans. Manchester Geol. Soc. 1877 Vol. 
xiv. pp.357 - 395. He in turn was the son of Evan Evans 1799-1863 who married Mary, 
daughter of Thomas Fanning of Park Lodge, Llanbadrig, a Dublin barrister. Thomas 
Fanning-Evans Snr. married Mary Elizabeth Morris, daughter of David Morris of Llannerch-
y-medd, who was related to the Anglesey Morris brothers Lewis, William and Richard. I am 
grateful to Mrs Ann Brennan of Dwyran for this information.] 
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Chapel and adjacent shafts have a dip to the west, which must have been 
determined by /460/pre-existing (see Chapters XIX, XXXV) structural 
planes, such as the over-thrust here postulated; and this is remarkable 
confirmatory evidence of its reality. If, however, we suppose that the 
Chapel thrust has no outcrop, all the facts known can be reconciled. Now 
the Rhwnc thrust is higher, and must therefore be the later of the two. It is 
suggested, therefore, that after the production of the deep infold, an oblique 
movement arose, interrupting it, and ending in the production of the Chapel 
thrust. But that, at a later stage, the whole of the upper part of the Parys 
infold, carrying with it the Llandovery shales, the felsite, and the barren 
green shales, was cut away and driven, at a lower angle than the pitch, a 
considerable distance to the south and west along the Rhwnc thrust-plane, 
overriding the Chapel thrust-plane, and br inging the felsite on to the zone of 
Did[ymograptus] bifidus (Fig. 213) [ of the original Memoir, see Fig. 5 of 
this booklet ]. For the Rhwnc thrust-plane it is possible to find a line, and 
this is indicated on the one-inch map. It follows the felsite for about 300 
yards [274m] from Rhwnc, but elsewhere has had, in default of fossil 
evidence, to be drawn partly by the character of the shale and partly by 
feature, meeting the Carmel Head thrust-plane at the Llaethdy road. To that 
great rupture it is, indeed, to be regarded as a precursor. The Parys 
Mountain and adjacent folds belong ( Chapter XVII ) [of the original 
Memoir] to an early stage of the great southward impulses, and by reason of 
their great vertical amplitude and the rigidity of their >hard-packed= rocks, 
they offered considerable resistance to the great final impulse, accounting 
for the steeper inclination, in their neighbourhood, of the Carmel Head 
thrust-plane. But the strain of that impulse must have been enormous. 
Accordingly, before it finally prevailed, a great slice of the deep infold gave 
way and was driven forward upon the major thrust-plane of Rhwnc. The 
impulse was to the south, but the high dips in the infold, and the presence of 
the Nebo anticline, were an obstacle. The more moderate upward 
inclination of the pitch was an easier path, and the south-westerly direction 
actually taken is the resultant of the two. 
 This hypothesis has a further advantage: it helps to explain the 
narrowness of the belt of shale between Parys Mountain and the Nebo inlier, 
where the highest zone of all actually abuts upon the gneiss. Had this to be 
ascribed entirely to the Gwichiad slide, the displacement on that plane 
would have to be of enormous magnitude at Trysglwyn, quite incredible in 
view of its disappearance to the south-west without producing any 
perceptible effects. The position of the Tarannon shales [Silurian] by the 
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roadside north-west of Trysglwyn shows that the Rhwnc thrust-plane laps 
round the Nebo inlier and is faulted down against its end. These shales were 
therefore driven across the whole width of that part of the gneissic inlier; 
and it is possible to ascribe credible dimensions to the Gwichiad slide, 
which must be nearly over-lapped, or more probably cut, by the Rhwnc 
thrust-plane, thus accounting for the narrowness of the strip of shale. A 
section through the central parts of Parys Mountain is given in Fig. 214 [ of 
the original Memoir, Fig. 6 of this booklet]. The Rhwnc thrust-plane cannot 
be followed any further. 
 
In a final paragraph dealing with nearby Mynydd Eilian, Greenly reiterates 
his views on the Parys shales:- 
 
 All the upper parts of Mynydd Eilian, and thence to the coast at Trwyn-
du, are composed of dull greenish-grey, barren, gritty shales, which Messrs 
Muir and Macconocie agree with the writer in correlating with those of 
Parys Mountain that are conjecturally referred to the Upper Hartfell.  
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4 Parys Mountain geology10 

 
Although not next in sequence in the Memoir, it was felt natural to place the 
following passage at this point as an introduction to the geology of the 
specifically ore-bearing rocks of Parys mountain. 
 
 /823/ PARYS MOUNTAIN, which is 480 feet [146m] in height and 
about 1 mile and a half in length [2414m], is one of the nine isolated hills 11 
that are enumerated on p.781 [of the original Memoir]. For many miles 
around it can be distinguished from the neighbouring heights of Nebo and 
Eilian by the old engine house and windmill12  that still stand upon its 
summit [Fig.2, which is Plate LX of the original Memoir]. Its western and 
northern parts are now green and beautiful; but all the higher and central 
portions are one of the most utter desolations imaginable. A hundred and 
fifty years of mining have covered them, even to the summit, with huge 
piles of debris (seen in the upper part of Plate LX [Fig.2]), which, acid with 
slowly oxidising sulphides, refuse to support so much as a blade of 
vegetation, and remain as barren as when first thrown out, gradually 
changing from dull green to brown as the atmospheric waters act upon them. 
Here and there, knobs of rock emerge, rusty-coloured like the rest, and in 
the midst are the two great open pits, 100 or more feet [30.5m] in depth and 
a third of a mile in united length. The views from the summit of this 
wilderness, over either the green southern lands or the blue northern sea, are 
contrasts in colour not readily forgotten. As the mines are at present being 
worked by a solution process, the hill is now nearly deserted, the buildings 
are crumbling to ruin, and the whole place is as silent as it is desolate. 
 Its geology has been dealt with in Chapters XIV, XV, XVII, XVIII, and 
XIX [of the original Memoir] 
We can now return to the natural order which Greenly follows in the 
Memoir, and resume at the next essential relevant section, Chapte r XIX. 
 
                                                                 
10 [Extract courtesy of the British Geological Survey.] 
11 [The monadnocks as given by Greenly are Bwrdd Arthur (530 ft, 161.5m), Llanddona 
Common (510 ft, 155.5m), Mynydd Llwydiarth (520 ft, 158.5m), Mynydd Bodafon (583 ft, 
177.7m), Nebo Hill (550 ft, 167.6m),Mynydd Parys (480 ft, 146m), Mynydd Eilian (585 ft, 
178.3m), Mynydd y Garn (555 ft, 169m) and Mynydd Twr, Holyhead (720 ft, 219.5 m).] 
12 [The Pearl Engine house and the Cairns windmill.] 



 
 

 17

/561/Palaeozoic13 Metasomatism14 
 
 At several places in Anglesey15 , the rocks have been affected by 
metasomatic replacements, certain substances from without being 
substituted in varying proportions for the original materials. For some time 
the structures are able, especially if coarse, to survive the change in 
chemical and mineral composition, but in advanced stages they disappear, 
and the original nature of the rock is discoverable only with some difficulty.  

The principal cases are Parys Mountain, Llangaffo, Holyhead, Holland 
Arms, Llanfairynghornwy, Llanddona, Pant-y-Caseg (Bull Bay), Mynydd 
Bodafon and Llaneilian. In one only of these, Parys Mountain, have the 
changes taken place upon a great scale; at the others, the masses of rock 
affected have been comparatively small.  

About a square mile of country is affected by the metasomatism 
including the Parys hill itself, the West hill of Pensarn (shown by the 300 ft 
[91.5m] contour west of that village), and some smaller ones beyond, the 
whole tract being two miles in length. The metasomatic phenomena can be 
studied to perfection in the two great open pits, whose crags, 100 feet 
[30.5m] or more in height, are absolutely unobscured by vegetation, are 
indeed utterly barren, from the incessant oozing of metallic /562/ salts that 
results from the weathering of their sulphides. To this barrenness, as much 
as to their magnitude, we owe the wonderful clearness of the great sections, 
concerning which it was remarked by Dr. Flett that what can be inferred in 
other districts of the kind can here be actually seen. The rocks affected are 

                                                                 
13 [Era of Geological time from approximately 600 Myr to 230 Myr before present (BP), 
comprising in succession the Cambrian, Ordovician, Silurian, Devonian, Carboniferous and 
Permian periods. The Silurian period, during which the ores of Parys were formed, lasted 40 
Myr from 435 Myr BP.]  
14 [‘Metasomatic changes to rocks involve the introduction of material from an external 
source. Whether or not there is a corresponding amount of material expelled from the system 
will depend upon the conditions. Under some circumstances metasomatism may result in the 
complete replacement of one mineral by another without loss of the original texture. If 
metasomatic fluids are energetic enough, re-crystallisation may accompany metasomatism, 
and this may conceal some of the more obvious effects of the process.’ Whitten and Brooks 
Dictionary of Geology Ed.1985 may be consulted for this and other such technical 
definitions included in the present booklet.]            
15 It will be remembered that there are certain cases of silicification that can be shown to be 
older than the great movements of the Mona Complex, and that are ascribed to solfataric 
action connected with its vulcanism. Others accompany its dynamic metamorphism. All the 
cases of metasomatism dealt with in this chapter appear to be long subsequent to the 
metamorphism of the Complex.  
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the Palaeozic sills, the Silurian and to a less extent the Ordovician shales; 
and three metasomatic replacements can be distinguished. 
 
Silicification16 
 
 The Felsite. 17  - The original characters of this rock have nearly 
disappeared, though it retains the general external aspect of a felsite, being 
compact and homogeneous, pale bluish internally, and weathering very 
white. But there is a general absence of porphyritic 18 crystals, and the body 
has a granular texture not quite like that of the matrix of a rhyolite.19 In thin 
section hardly anything is to be seen but a very fine mosaic, with here and 
there a vein or aggregate of quartz. The mosaic itself is almost wholly 
quartz. On the brow of the northern escarpment 260 yards [238m] east-
north-east of the Windmill, however, porphyritic felspars have been 
detected (E.10247), pseudomorphic 20 , now, in a quartz-mosaic which 
differs a little from that of the matrix. It is, indeed, from this section that the 
original nature of the rock has been put beyond doubt. The whole of the 
great sill, both within and without the metalliferous area, has been highly 
silicified. 
 The Basic Sills.- An amygdaloidal 21  diabase22  at Pen-y-nant, and a 
chloritic schist west-north-west of the >P= of Pensarn23, have been found to 

                                                                 
16 Most of the specimens and slides of the silicified rocks of Parys Mountain were kindly 
examined by Dr. Flett, who also visited the ground with the writer. [Silicification is the 
process of introducing silica SiO4, usually in cryptocrystalline form, into a non-siliceous 
rock either by filling pore spaces or by direct replacement e.g. of calcite (calcium carbonate 
CaCO3) in limestone. The silica may be introduced either by ground-water solutions or from 
igneous sources.] 
17 [Fine, evenly grained igneous rock containing either quartz or feldspar. If more than 10% 
quartz is present, the felsite is said to be acidic otherwise intermediate.] 
18 [The term is now practically obsolete. It was formerly common to describe igneous rocks, 
especially plutonic ones, containing phenocrysts of other minerals, especially feldspars, as 
porphyritic] 
19 [A fine-grained-to-glassy acid volcanic rock, chemically akin to granite but richer in 
silica SiO2] 
20 [A pseudomorph is one mineral occurring in the crystal form of another, for one of 
several possible reasons.] 
21 [‘Almond-shaped’; name for cavities in lava formed by frothing gas, ranging in size from 
1mm to 30 cm. They are often filled with another mineral such as calcite or quartz.] 
22 Diabase as used by E.G. means a slightly metamorphosed fine-grained basic igneous rock 
23 [Whenever E.G. uses this mode of expression, he means ‘as laid down on the relevant 6-
inch OS map sheets’.]  
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be silicified. The felspars of the diabase (whose pyroxene had already 
perished) are pseudomorphed in granular quartz, the igneous texture being 
preserved, so that the great change which the rock has undergone is not 
apparent in ordinary light. 
 The Shales.- The Ordovician shale near the summit of the hill is 
hardened and full of secondary quartz. But by far the most striking 
metasomatic changes are those in the Silurian shales between the limbs of 
the felsite fold, and as the phenomena are admirably exposed in the pits, 
they afford petrological studies of great interest. 

Where unchanged, the shales are black, slabby, and rather soft, their 
graptolites being beautifully preserved. But within them occur great 
quantities of a totally different material. It is not fissile, but breaks with a 
conchoidal24 fracture, and is fine in texture, very hard, with somewhat of a 
chert25-like aspect, and dark grey internally, though usually weathering to a 
sulphurous-looking brown. It occurs in masses of very variable size and 
shape, and is involved with the shales in a most intimate manner, capricious 
in its distribution, and following no particular horizons. Thin sections reveal, 
as in the rest of these altered rocks, an extremely fine, clear, colourless 
mosaic, in which nothing but quartz has been detected.  

/563/There is, however, an interesting variety whose quartz-elements 
are oval or spindle -shaped, about 0.5 mm. long, and lie in all directions. 
Their major axes coincide with the optic axis, so that they are really 
hypidiomorphic 26 crystals.Now this material is repeatedly found to replace 
the shale without any displacement; and in many clear sections, particularly 
in the eastern parts of the West, and western parts of the East Pit, gradual 
passage into it from unmodified shale can be seen in the space of a few feet 
or even inches. Moreover, the fine parallel bedding of the shale passes on 
into the siliceous rock, which here and there contains a Silurian graptolite. 
There cannot, therefore, be any doubt whatever but that this peculiar flint-
like material is really the shale itself, richly impregnated with secondary 
silica. 

 
Micacisation 27 

                                                                 
24 [A type of fracture taking the form of a curved, concentrically ribbed surface resembling 
certain seashells.] 
25 [Type of cryptocrystalline silica of either inorganic or organic origin.] 
26 [A rock texture in which the mineral grains show only some trace of crystal form.] 
27 [Micas are a group of three-layer-lattice minerals classified in either the dioctahedral 
muscovite or trioctahedral biotite and phlogopite groups. The essential feature of a mica is 
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Most of the silicified rocks contain a little white mica, and some are very 
rich in it. This metasomatic mica can be distinguished from that which was 
developed in connexion with the earth-movements, for it is unfoliated, and 
usually in larger crystals. One of the best examples is the rock with 
hypidiomorphic quartz just described, for the interspaces are filled with a 
ground-mass of white mica, whose flakes lie in all directions. Very clear 
also is the case of a felsite from the East Pit, containing pyrite28, whose 
crystals are surrounded with halos of beautifully developed mica-plates that 
reach 0.5 mm. in length, radiating outwards from the faces of the cube. 
 
Pyritisation 
 
 None of the rocks are free from pyrite, generally cubic iron-pyrite. 
From a few scattered cubes, we may pass to rocks containing aggregates 
and groups, or streaks and clouds of pyrite-dust, and thence to others which 
are crowded with it. Sometimes the shale, but still more the schistose 
portions of the felsite, are so full of pyrite for yards together that we have a 
third kind of metasomatic replacement, which may be called pyritisation. 
When copper sulphides predominate, we have a variety of this, which may 
be termed chalcopyritisation. These pyritised rocks have become quite 
unrecognisable as either felsite or shale, and being generally silicified and 
micacised as well, nothing but the clear field evidence makes it possible to 
determine their origin. 29 
 
Chemical Composition 
 
 The following silica-percentages have been taken by Mr. J. O. 
Hughes30:- 

                                                                                                                                                       
the replacement of one silicon atom with one aluminium atom in the Si-O lattice. Micas 
show characteristic flaky cleavage and are elastic and flexible.] 
28 [The most widespread sulphide mineral, FeS2.]  
29 The Parys rocks may be studied [in] slides E 622, 6433-5, 8419, 8447, 10245-63,  
10288-9, 10309, 10428. 
30 [John Owen Hughes. Demonstrator, Chemistry Department, University College of North 
Wales, later Chief Chemist at the Royal Aircraft Establishment Farnborough. From 1904 he 
carried out about 730 chemical analyses of some 80 of Greenly’s samples in a small 
laboratory jointly funded by the British Association and the University College. In part this 
work led to Hughes gaining a Ph.D. under Prof. Kennedy Orton. His involvement seems to 
have extended to palaeontology, for E.G. records his assisting Muir of the Geological Survey 
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Silicified Diabase.  
83 yards north of Pen-y-nant, Parys Mountain (E. 10251)SiO2=61.34 
Silicified Felsite 
West Hill of Pensarn, Summit (E. 10245)   SiO2=76.66 
/564/Silicified Banded Felsite .  
Brow of South escarpment, Parys Mountain,  
250 yards east by north from Pen-y-nant. (E.10254)  SiO2=77.14 
Silicified Porphyritic Felsite.  
Brow of North Escarpment, Parys Mountain, 260 yards  
east-north-east of Windmill (E.10247)    SiO2= 80.41 
Unmodified Shale with Silurian Graptolites.  
East Pit, Parys Mountain (E.10263)    SiO2= 55.49 
Silicified shale, Hard and Flinty. 
Road (at N.bend) through West Pit,  
Parys Mountain (E.10288)     SiO2= 91.02 
 
The unsilicified portions of the diabase are chiefly chlorite 31 and epidote32. 
In the other silicified rocks analysed all that is not quartz is seen in thin 
section to be metasomatic mica with a little pyrite. 
 
The lodes. 
 
 Details concerning these and their ores will be found in Chapter 
XXXVI [of the original Memoir, see below], but their geological characters 
and relationships belongs to the present subject. All of them, except two 
‘cross-courses’ in small faults, run along the strike, and dip at high angles 
about north by west. Of the 12 that are recognised in the mines, the most 
important were the ‘Great’ Lode in the Silurian, the North Discovery and 
Carreg-y-doll Lodes in the Ordovician shales. The Great Lode (which is 
that of the two open pits) has been worked almost entirely away, and so 
have the more remunerative parts of the others. 

                                                                                                                                                       
to collect fossils during July and August of 1911; see A Hand Through Time vol. ii pp. 242, 
304, 313,475.]  
31 [Name applied to a group of layer-lattice minerals. Chlorites are mostly green, have a 
flakey cleavage, are flexible but not elastic. They are often alteration products of 
ferromagnesian minerals like the olivines or pyroxenes.] 
32 [Epidotes are a group of rock-forming silicate minerals in which silica SiO4 units link 
chains of alumina AlO6 octahedra. They often give the rock a yellow-green colour.]  

 
 

 22

The old underground workings are not now easy of access, and the 
exact nature of the deposits is a little difficult to realise. Phillips remarks 
that they were not, strictly speaking, true lodes at all. Now, although they 
were chiefly worked for chalcopyrite33, there is abundant evidence that its 
mode of occurrence was essentially the same as the ferropyrite that can still 
be studied in daylight. This is, as has been seen, of the nature of an 
impregnation. But much is also arranged in tolerably definite bands running 
along the cleavage, expanding here and there into bunches, and sending out 
small transverse veins; and this is precisely the behaviour of the copper 
lodes as represented in the plans of the mine. It appear, therefore, that those 
lodes were, essentially, zones of maximum chalcopyritisation; sufficiently 
definite, however, to possess individuality not unlike that of a true fissure-
lode. 
 
Ferrification 
 
 The term ‘gossan’, applied in most mining districts to the weathered 
outcrop of a lode, is used rather differently in Parys Mountain. True gossan 
(for a discussion of which see Chapter XXXVI [of the original Memoir, see 
below]) is hardly to be seen, and appears to have been rather rare. The 
Parys ‘gossan’ is locally described as a substance that ‘always overlies 
everything else’.34  Its best exposure, at the side of the /565/ road going 
down into the West Pit, shows a coarse conglomerate with boulders up to 
two feet long, so richly impregnated with iron oxides that both boulders and 
matrix are stained a deep red colour, and the original characters of the 
deposit no longer discernible. Closer scrutiny, however, reveals that the 
boulders, in spite of their coating, are scored with glacial striae; and the 
conglomerate itself can be traced on into unstained and typical boulder-clay. 
‘Gossan’, therefore, is boulder-clay that has become ferrified.  

The escarpments and higher ridges of the hill are clear of drift, but a 
sheet of it creeps up the central hollow from the north-east, and some 20 
feet [6m] of it are cut through by the West Pit. Surrounded on three sides by 
higher ground, this receives a good deal of surface water, and the iron salts 
have been carried down to it. Why, however, iron rather than copper salts, 
for the waters of the hill dissolve (see Chapter XXXVI [of the original 
Memoir, see below]) abundance of copper? The reason seems to be that the 
                                                                 
33 [The main copper ore, CuFeS2] 
34 A strict regard for chronology would have excluded it from this chapter, but its inclusion 
is convenient. 
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salts taken up by surface waters are derived less from rock in place than 
from the immense piles of refuse with which all the upper parts of the hill 
are covered; and this refuse is refuse because, pyritous though it is, it 
contains relatively little chalcopyrite. This would, indeed, restrict the 
ferrifying process to about 150 years, and ferrified boulder clay does not 
seem to have been found when the mines were first opened. Mr. Fanning 
Evans35 states that the formation of ‘gossan’ is still going on, which in itself 
points to a rather short period of production of it, otherwise the boulder-clay 
might be expected to be much more extensively ferrified than it is. 
 
Chronology 
 
 Is it possible to assign these remarkable metasomatic phenomena to 
anything like a definite geological interval? Fortunately, the relations of 
metasomatic to dynamic structures afford a terminus a quo36, and a section 
a few miles away supplies a clear terminus ad quod37. 
 (1) At many places in the mines, especially in the East Pit, silicified and 
unsilicified shale are to be seen in contact. A straight, parallel cleavage is 
well developed in the unsilicified shale. But, instead of being deflected 
round the hard siliceous masses, or tearing them out into augen38, it passes 
straight on into them and gradually dies out, obliterated and >healed-up= by 
the fine secondary silica. In Plate XXXIII [Fig.1 of this booklet], the 
cleavage (which is there at a gentle inclination) is visible on the upper crags, 
and can be seen to die out downwards, till, at the dark chasm on the left, it 
is represented only by a few cracks at intervals. At other places, particularly 
by the road which crosses the West Pit, though divisional planes parallel to 
the cleavage do traverse the silicified rock, there is no sign of deformation, 
shearing, or slickensiding39 on them; but they are rough and mamillated, 
                                                                 
35 [See note 9.] 
36 [A date definitely prior to the formation or deposition of a feature under consideration.] 
37 [A date definitely subsequent to the formation or deposition of a feature under 
consideration.] 
38 [German for ‘eyes’. Clots of very coarse crystals developed locally in the quartz-
feldspathic bands of the country -rock.] 
39 [‘Slickensides’ occurs when one surface of a rock moves over another in close contact 
under pressure, the surfaces developing a kind of polish with linear grooves and ridges 
parallel to the direction of movement, which tend to include minute downward steps in the 
direction of movement. Hence drawing the point of a fingernail over such a surface is 
possible in the direction of movement, but will be prevented by catching if attempted against 
that direction.] 
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like surfaces coated with stalagmite or chalcedony often are. They are 
evidently fissures that have been opened out along the cleavage by 
percolating water, and coated with silica carried in solution. /566/ 

 (2) Two slides (E.6433-4) were cut by Dr. Flett from hard silicified 
shale that showed a good stratification-banding. Their micas were found to 
have an orientation obliquely across that banding, and at a high angle to it, 
indicating that the rock was a slate before it was silicified. 

(3) Where the silica takes the form of hypidiomorphic quartz, the 
crystals are not only unbroken and ungranulitised 40, but show scarcely any 
sign of optical strain, the great majority extinguishing41 sharply.  

The silicification, therefore, is subsequent to the movements which 
produced the cleavage. 

(4) But so also is the micacisation, for the metasomatic micas are 
undeformed, and can be readily distinguished from those of the foliation. 
The felsite which contains the pyrite-cubes with mica-haloes (E.1039) is 
highly sheared and full of fine foliated mica. But the micas of the haloes are 
not only (with one or two slight exceptions) undeflected, not only optically 
undamaged, but when examined with a high power can be seen to penetrate 
for short distances into the micas of the body and to transgress their 
foliation. 

(5) The pyritisation is also subsequent to the same movements, for the 
rocks are full of perfect and undeformed cubes of pyrite; the lenticular 
pyritous masses which run along the strike are not sheared; and many veins 
which proceed from them cut sharply across the cleavage at high angles. 

There is abundant evidence, therefore, that all the metasomatic changes, 
silicification, micacisation, and pyritisation, took place after the great 
movements that set up the slatey cleavage, thus giving us a terminus a quo.  

Can we go further, and discover any order of succession among the 
metasomatic changes themselves? A simple answer to this question cannot 
be given, as there is reason to suppose that the different types of 
impregnation recurred more than once. But a general order can be 
recognised, for each type was dominant at particular stages, and at the other 
stages merely subordinate.  

                                                                 
40 [A granulite is a metamorphic rock with granular texture, usually consisting of feldspars, 
pyroxenes and garnets, often lacking a clear fabric but on close examination showing a 
preferred orientation in the constituent minerals.] 
41 [A phenomenon exhibited by crystalline minerals when examined in polarised light under 
a petrological microscope with its second, analysing, polaroid in position, as the sample-
slide is rotated through successive 90? angles.]  
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First, then: though small mica-flakes are found as inclusions within 
quartz, yet the body of the metasomatic mica is external to the quartz, and 
when that quartz is hypidiomorphic 42, the matted mica of the interspaces is 
moulded on the prisms, and therefore of later date. Next: the la rge dense 
nests of pyrite do not seem to contain any later silica-cement, and the veins 
that pass out from them turn round and cut across the banding of the already 
silicified shale. So the pyritisation is also later than the silicification. Lastly: 
some mica is later than some pyrite, for the mica-haloes already mentioned 
grow out from cubes of pyrite. But this appears to be a case of early 
pyritisation: for while the large pyrite-nests are unmicacised, the silicified 
shale cut by their apophyses43 is micacised, and that extensively; so that the 
principle pyritisation must be later. It thus appears that in a general way 
Silicification was dominant in the early stages, was followed by the 
principal Micacisation, and /567/that by the principal Pyritisation. And as it 
is evident that the chalcopyrite was intimately associated with the ferro-

                                                                 
42 [A texture of a rock in which the mineral grains show some trace of crystal form.] 
43 [apophysis - outgrowth, branch, prot uberance.]  

Fig. 3 The Lligwy Bay conglomerate at Careg-y-Ddafad 
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pyrite, we are able to assign the famous ore-deposits to their proper places 
in the chronology. 

The fortunate preservation of a piece of evidence of a different kind 
supplies a first terminus ad quod. Facing Parys Mountain, some four miles 
to the south-east, is the curving grey wall of the Carboniferous escarpment, 
present limit of the slow retreat of the great sheet of later Palaeozoic 
deposits under which all this region once lay buried. In the Lligwy Bay 
Conglomerate (Plate XXXV and Fig.291 [of the original Memoir, Fig.3 of 
this booklet]), a coarse deposit at the base of the Carboniferous Limestone, 
are many iron-stained and rusty boulders (some of them two feet in 
diameter), full of green and yellow sulphurous-looking films along the 
joint-cracks, exhaling an odour of hydric sulphide where freshly broken, 
and vividly recalling the rocks described in this chapter. Under the hand-
lens they are found to consist of siliceous matter richly impregnated with 
pyrite; and the microscope (E.10296) reveals the same fine siliceous mosaic, 
sometimes even the same hypidiomorphic crystals of quartz with interstitial 
mica, that is so characteristic of the altered rocks of Parys Mountain. Some 
are identical with the silicified shale, others with the Careg-y-doll Lode, 
others with the felsite, and there can be no doubt whatsoever that when 
these Carboniferous deposits were being laid down the peculiar type of 
alteration was as complete as it is today. 

Fig. 4 The Rhwnc thrust plane 
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The conglomerates of the Old Red Series44  have not furnished any 
decisive evidence; but they contain small pebbles of indurated mudstone, in 
one of which are aggregates of secondary mica, with strings and clots of 
iron-ores that appear to be pseudomorphs of pyrite. The Old Red Sandstone 
itself shows no sign whatever of having been affected by the metasomatic 
processes, and leaves no doubt that they are anterior to its deposition.  

Returning to the silicified area; although the metasomatism is certainly 
later than the cleavage, yet hard silicified masses do sometimes behave as 
cores or augen to fissile seams that curve about them. On the West Hill of 
Pensarn the schistosity of the felsite between the cores has not been >healed-
up= as has been the cleavage of the shales in the mines. The Rhwnc thrust-
plane (Fig.212 [of the Memoir, Fig.4 of this booklet]) appears to be later 
than all the structures of the felsite and the shales. In Chapter XVIII it has 
been shown that the thrusting and shearing phase of the movements was 
subsequent to the compressing phase that produced the cleavage, and the 
interval may have been considerable. To that interval, accordingly, it would 
seem that the metasomatism should be, for the most part, assigned. We thus 
obtain a closer terminus ad quod, but it is not an absolute one, shutting in 
all cases. There are some that are later than the minor and earlier thrusts and 
slides. In the latter part of this chapter (p.570) a case of metasomatism will 
be described45 that is later than the production of the Carmel Head thrust-
plane 46. No other is known, however, along its 14 miles of outcrop, even 
where it passes quite close to Parys Mountain. Later/568/ still must be the 
cross-courses in the transverse faults. Combining all the evidence, we may 
with confidence regard the whole of these metasomatic phenomena as 
having been produced in the intervals of the thrusting phase of the Post-
Silurian movements, with recurrence as late as the succeeding stage of 
cross-rupture and settlement, which (pp.556-7) does not seem to have been 
long after. 

 
 
 
 

                                                                 
44 [A formation belonging to the Lower Devonian period, and entirely subsequent to the 
Silurian.] 
45 [The outcrop occurs at a point 370 yards east of Porth-yr-Hwch, Llanfairynghornwy.] 
46 [The Carmel Head Thrust of North Anglesey is generally taken to be a large-scale 
reverse-fault, bringing northerly Precambrian rocks over younger Palaeozoic cover to the 
south. It is named from the type-location near SH 297930.] 
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The minerals of Parys Mountain 
 
Prof. Harold Hilton has kindly compiled the following list, founded in part 
upon various old lists, in part upon his own examination of the collection in 
the Institute at Amlwch and of that of Mr. Thomas Prichard of Llwydiarth 
Esgob47:- 
 
Anglesite  Cuprite  Pyrite 
Asbestos  Galena   Quartz 
Barytes   Haematite Selenite48 
Blende   Malachite 49 Serpentinite (?)50 
Chalcanthite  Melanterite  Silver 
Chalcopyrite   Minium  Sulphur 
Copper 
 
To these (see Chapter XXXVI [of the original Memoir, see below]) can 
now be added:- 
 
Alum   Chlorite  Tetrahedrite51 
Chalcocite                      Hydro-glockerite            White Mica 
Melaconite 
 
/823/ To briefly recapitulate, the rocks of which it is composed are 
Ordovician and Silurian shales, with a sill of felsite several hundred feet in 
thickness at or near the junction, the structure being that of a deep isoclinal 
infold [Figs.5,6 which are Figs.213,214 respectively, of the original 
Memoir], bounded and traversed by thrusts which are ancillary to the great 
Carmel Head thrust plane. All the rocks are, in varying degrees (sometimes 
excessively), silicified, micacised, and pyritised; and the lodes are not 
fissure veins, but zones of maximum chalco-pyritisation. These mineral 
changes took place partly during, but chiefly just after, the great 
Post-Silurian earth-movement. 
 
                                                                 
47 [Near Llannerch-y-medd.] 
48 [The fully crystallized form of gypsum, CaSO4.2H2O] 
49 [Basic Copper Carbonate CuCO3.Cu(OH)2] 
50 Lattice-layer mineral Mg6SiO410(OH)8, of two types, a fibrous form chrysotile, and a 
lamellar form antigorite. Serpentine is often an alteration product of olivines and pyroxenes.] 
51 [Copper ore mineral involving antimony and sulphur, (Cu,Fe)12Sb 4 S13 
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Fig. 5  
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Fig. 6  
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5 History of the Mines52 

 /824/The name ‘Parys’ (also borne by a farm on the northern slope) is 
doubtfully said 53 to have been conferred after one Robert Paris who was 
Chamberlain of Chester and North Wales in the reign of King Henry IV. In 
the oldest documents, however, the hill is called ‘Mynydd y Trysglwyn’54 
(a name which survives in a farm on the southern side), and, under that title, 
was reckoned among the estates of the princes in records of the seventh 
century.55 

There is no documentary evidence of metals having been worked at 
Parys Mountain in ancient times, but the circumstances of the discovery 
that was eventually made leave little doubt of there having been some such 
workings. Moreover, a local belief survived that at some early period, the 
rock was heated by brushwood fires, and then split by throwing water on it. 
Pigs of copper of Roman type have been found at Trysglwyn, as well as at 
some other places in Anglesey, and a cake (now preserved at Mostyn) 
stamped ‘Socio Romae= is stated to have been disinterred at Aberffraw. Mr. 

                                                                 
52 [Extract courtesy of the British Geological Survey.] 
53 The suggestion that ‘Parys’ merely stands for ‘Parry’s’ may surely be dismissed. In such 
case we should not have had ‘Mynydd Parys’ but ‘Mynydd Parry’ as in such cases as 
‘Bwrdd Arthur’, ‘Carnedd Llewelyn’, ‘Tyddyn Philip’, and even such a hybridism as 
‘Tyddyn-soldier’. 
54 [The meaning of Trysglwyn is obscure. Contrary to E.G., Parys Mountain was formerly 
known as Mynydd Trysglwyn, not- y-Trysglwyn. The Extent of Anglesey of John de Delves 
(1352) has Truscluyn as a tref near Amlwch, with the associated hamlet of Scathlog (now  
Skellog); see H. Ellis The Record of Caernarvon 1838 pp 44-89 and A. D. Carr Anglesey 
Antiquarian Society Transactions 1971-2 p.150. Rowlands in Copper Mountain  (AAS 
1966) quotes Profs. Melville Richards and Sir Ifor Williams in support of the derivation 
trwsgl=’clumsy, rough, leprous’+ llwyn=’grove’ > trysglwyn, ‘a grove of trees with 
leprous-looking lichen on their trunks’. But Fynes-Clinton Welsh Vocabulary of the Bangor 
District 1913 and Bulletin of the Board of Celtic Studies  1921 p.102 shows trwsgwl= ‘heap, 
cairn’ and the Bronze age burial cairn on the ridge Y Trosgl (fem.) near Bethesda may be 
the explanation of that feature’s name (which also occurs elsewhere e.g. Llanfihangel-y-
Pennant and Bwlch-y-Ddeufaen, Llanfairfechan); perhaps this etymology may be involved 
at Parys.] 
55 [Only late mediaeval copies exist of purported charters recording grants of land in the 
Llaneilian area to St. Eilian by Caswallon Lawhir, supposed to have flourished C5th2-C6th1 
and to have been the father of Maelgwn Gwynedd. Only one date for this semi-legendary 
figure is recorded, in the Annals of Redon; an obit. of A.D. 534 which seems somewhat 
late.] 
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Neil Baynes56, after an exhaustive examination of the evidence, considered 
it almost certain that copper was obtained at Parys in the Roman and 
probably even in the Early Bronze and Iron periods.57 No works appear to 
have been undertaken between the Roman period and the eighteenth 
century; but old rumours and traditions hung about the hill, and it is said 
that ‘a pool of copper water’ (probably at the sources of the stream 
afterwards called the Afon-goch, where water finding its way down the 
pitch of the infold would be very likely to rise in springs) was known to the 
inhabitants.58 

The circumstances which eventually led to the discovery of the ores 
were somewhat romantic. Persuaded, apparently, that the ancient traditions 
could not be baseless, an Anglesey landowner, Sir Nicholas Bayley59 (an 
ancestor of the Marquis of Anglesey), began to make explorations in 1757, 
but without success. In 1762 there landed in the Island ‘one Alexander 
Frazier’60 (a scion of the famous house of Lovat), who, according to some 

                                                                 
56 [Edward Neil Baynes 1861-1952. Noted local historian and antiquary. Founder member 
and 1st Hon. Secretary of the Anglesey Antiquarian Society and Field Club 1911. Elected 
F.S.A. 1908. Author of numerous papers on Anglesey archaeology. A biography appears in 
T.A.A.S 1946 pp. 23.] 
57 [These views of E.G. and Baynes have been abundantly verified in recent years. Bronze 
age copper mining at Parys, at the Great Orme Llandudno and elsewhere, is now proven by 
many radio-carbon dates from these sites. Recent published dates from Parys are BM -3114 
charcoal Quercus sp.(oak) 3540?40 yrs B.P., BM-3115 unident. wood 3240?70 yrs B.P. 
and BM-3116 Betula sp. wood 3600?70 yrs B.P.; D. Jenkins Archaeometry 1998.] 
58 [The rumours were sufficient to cause Sir John Wynne of Gwydir and a number of 
fellow Elizabethan venture-capitalists to fund a scheme for extracting copper from the 
waters around 1570; see B. Hope A Curious Place Bridge Books Wrexham 1994 pp.15-16. 
The mineral waters were well known to Lewis Morris cf. Plans of Harbours 1748; attempts 
were made to market them as a patent medicine; cf. J. Rutty Of the vitriolic waters of 
Amlwch Philosophical Trans. Royal Soc. 1761 p.470 and J.R. Harris The Copper King  
Liverpool Univ. 1964 p.20.] 
59 [Sir Nicholas Bayly (not Bayley) 1707-1782, of Plas Newydd Llanedwen Anglesey; 
Second Baronet.] 
60 [Alexander Fraser (c.1700-1776). The form Frazier is spurious, although both it and 
Frazer often occur. He had, prior to 1762, been working the nearby Rhos Mynach mine in 
partnership with a Hugh Owen. He seems to have influenced Sir Nicholas Bayly to grant 
him rights to reopen the old Parys Mountain workings in that year. The early history of this 
man was, until recently, full of mystery. It used to be said that he was an elder brother of the 
Lord Simon Lovat who had been executed after the 1745 rebellion, and that he was over 
110 years old at his death (see J. R. Harris The Copper King Liverpool 1964 p.18). His 
history has now been clarified by D. Chaput, who shows that he was actually an illegitimate 
son of Lord Lovat. See Chaput Alexander Fraser of Lovat in T.A.A.S 1985 pp. 65.] 
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accounts, ‘travelled in quest of mines’, but who, according to local tradition, 
had fled from Scotland on account of some charge of manslaughter. 
Crossing the Irish Sea in a small boat, he was overtaken by a storm and 
wrecked upon the northern coast, but succeeded in escaping. Thence he 
made his way to Parys Mountain, where by some means he convinced 
himself both of the presence and importance of the ore-deposits. Being 
protected by Sir Nicholas Bayley, he incited his friend to a fresh and 
better-directed effort, in the course of which ore was found, so that this 
Highland refugee was the real discoverer of the famous mine. Water, 
however, broke in, and put an end to the work. Then, in 1764, ‘Roe and Co. 
of Macclesfield’ described by Lentin 61 as ‘a company of smelters’ applied 
to /825/ Sir Nicholas Bayley for a 2l-years= lease of an abandoned lead-
mine at Penrhyn-du in Caernarvonshire; and he agreed, on condition that 
they should also take Parys Mountain, and keep a certain number of men at 
work there during the whole term of years. This condition was considered 
most unreasonable, but ‘as Bayley with stiffneckedness insisted thereon’ 
(‘weil Bayley mit einer Hartnackigeit darauf bestand’) [as Lentin says], was 
complied with, and in the year 1765 six men and a manager were sent. 

A shaft was sunk, at a spot 800 yards [732m] east of the place known as 
the ‘Golden Venture’ (p.833) (which would be in the Silurian shales at the 
east end of the infold) because of a spring which was thought to ‘issue from 
mineral’. It was on the strike of the Great Lode, and copper was again 
found, but in small quantity, decreasing downwards, and there was so much 
difficulty with the water (which was passing that way doubtless down the 
pitch) that the shaft had to be abandoned. Other places were, then tried, but 
with no better success. As a last resort, the manager decided to sink at three 
points along a north and south line across the middle of the hill. Work was 
begun at the highest of these points on the second of March, 1768, a day 
long afterwards observed as a festival; and no sooner had seven feet [2.1m] 
of cover, it is said, been lifted than ore was struck, and in large quantity. 
They had come, indeed, upon ‘The Great Lode’. 

Its magnitude was quickly realised, and a period of extraordinary 
activity began. From a fishing village, Amlwch became a commercial town; 
the haven was enlarged as much as possible, and was even then so crowded 
that ships had to wait at Holyhead for days before they cou1d be admitted. 
A wide road was also made from the mines to the port, ‘probably’ remarks 

                                                                 
61 For this author see pp. 22 of the Memoir [a bibliographical list of all works referring to 
Anglesey geology extant in 1919.]  
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Lentin, ‘the most costly in the world, being made throughout of hard lead 
ores, which were then not thought the smelting’! In a few years the Parys 
mines became the most productive in Europe, delivering 3,000 tons of 
metallic copper yearly, and employing more than 1,500 men.62 

Today, 63  an occasional cart may be met upon the ‘costly’ road, a 
schooner or two are generally to be seen discharging general cargo at the 
port, the mines are silent and deserted, and of many of the calcineries and 
sorting-houses one can only just make out the foundations and the ground-
plan.  

The history, as well as the discovery, of the mines is not without some 
romantic and fantastic episodes. The original company were dispossessed 
of half of the mine by one Edward Hughes, described by Lentin as a 
country-preacher, who put in a claim on account of his ownership, through 
his wife=s dowry, of some rather barren land which he had been using as 
summer-pasture for a few sheep and for his pony. His claim had to be 
admitted, and he stepped, accordingly, into a great fortune. Later on the two 
companies were amalgamated. The two great ‘open-works’, known locally 
/826/ as the ‘Great’ and the ‘Hillside’ opencasts, but called in this book the 
‘West Pit’ and the ‘East Pit= (p.480) [elsewhere in the memoir], because the 
local names are not used upon the maps, that are so striking a feature of the 
mine [Fig.2] came to be made as follows. The Great Lode was at first 
worked by means of a crowd of separate  shafts (several hundreds of which 
were sunk in a single year!) and then by underground levels; but finding 
that they could not obtain a renewal of the lease, the company began to cut 
away the easily accessible ore that had been left for pillars. Then came a 
great collapse of roof, and this led to the decision, in which they were 
followed by the other mine, to do away at once with roof and pillars, and 
open the workings to the sky. The early difficulties due to flooding were 
overcome. But iron pumps could not be employed on account of the acidity 
of the waters. Recourse was therefore had to massive wooden pumps, 
drilled on the spot out of the cores of giant oak trunks, a few of which are 
still to be seen at the yard on the hill. The pumping was done by 
wind-power, which indeed, on such a spot as the summit of Parys, can 
rarely have failed, as anyone who has had many years’ experience of the 

                                                                 
62 The aggregate produce of all the mines of Cornwall being then 4,434 tons. 
63 [Sometime prior to 1914.] 
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climate of Anglesey will but too readily realise. The windmill64 continued 
to be used, to economise fuel, for many years after steam pumps were 
introduced. 

The approaching exhaustion of the Great Lode led to exploration of the 
other southern lodes; but a new epoch of prosperity, second only to the 
original one, was inaugurated by the finding (at what date is not precisely 
known, the old records being vague, but apparently about 80 or 90 years 
ago) of the northern lodes, of which the best one, the ‘North Discovery’ 
Lode, was far richer in proportion than the Great Lode, though composed of 
more refractory material, and more difficult of access. These lodes in turn 
became exhausted, and solid mining on any considerable scale came to an 
end about 30 years ago. A little later on it was considered worth while to 
have some of the old spoil-banks picked over; and the peat of the bogs 
along the Afon-goch was burnt and copper extracted from the ashes; but 
though the process was very cheap the yield was small. Exploration, 
however, has been made periodically; besides which a good deal of 
‘bluestone’ has been, and still is, raised from time to time. 

Large parts of some of the more refractory lodes are still untouched. 
Whether they can be worked with advantage depends upon their depth, 
refractoriness, and amenability to smelting, in relation, of course, to the 
demand for copper; and is a rather complex economical question. Work of 
some kind or other, however, never seems to have been interrupted, and is 
still steadily, if quietly, proceeding. The present treatment of the mine is 
described below (pp. 842-3). 

                                                                 
64 [NOT of course, the windmill whose remains are to be seen today. This so-called Cairns 
windmill dates only from circa 1870. C18th paintings of the workings show earlier 
windmills] 
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6 Extent of the Mine 65 

 /826/The deepest workings are those on the >Gwen= shaft, a little to the 
north of the ‘M’ of ‘Mountain’, which go down to 570 feet [174m] below 
sea-level. The mouth of the =Cairns= shaft is on the summit /827/ of the hill, 
480 feet [146m] above the sea, so that the total vertical extent of the mine is 
1,050 feet [320m]. Its horizontal extent is nearly a mile and a half [2414m] 
from west to east, and about a third of a mile [500m] from north to south, 
while the aggregate length of the old subterranean levels amounts to several 
miles. 

In the days of the separate ownerships, the western part was called 
‘Parys Mine’, the eastern part ‘Mona Mine’, the workings at the extreme 
west end of the hill being known as ‘Morfa-du Mine’. 
 
The ores 
 
 The metallic ores which are found on any considerable scale are Pyrite 
(i.e., ‘iron pyrites’), Chalcopyrite (i.e., ‘copper pyrites’), Chalcocite (Cu2S), 
Blende, and Galena 66 . The two last, however, do not occur in workable 
quantity as distinct and individualised minerals distinguishable by the naked 
eye, but intimately intergrown in an ore locally known as ‘Bluestone’. 
Chalcopyrite and ‘Bluestone’ are, indeed, the two really important ores of 
the hill. It will be observed that all these ores are sulphides. 

The pyrite and chalcopyrite occur in a matrix of quartz, in which are 
generally also a little haematite67, chlorite, and a few other minerals. The 
pyrite is, even when closely crowded, idiomorphic 68; but the chalcopyrite 
occurs in allotriomorphic 69 aggregates of irregular form, and appears to be 
later than the pyrite. The quartz of the matrix rarely develops idiomorphic, 
or even large allotriomorphic crystals like those of ordinary veins, but is apt 
to be rather fine, with a granular aspect not unlike that of a quartzite. Large 
idiomorphic crystals, indeed, are seldom to be seen in the Parys ores, 
                                                                 
65 [Extract courtesy of the British Geological Survey.] 
66 [Lead Sulphide PbS, the most important lead ore.] 
67 [Ferric Oxide Fe2O3] 
68 [Texture of an igneous rock when the mineral grains display fully developed crystalline 
forms.] 
69 [Texture of an igneous rock when the mineral grains show no sign whatsoever of 
crystalline form.] 
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probably from the fact that they are impregnations, not ‘comby lodes’ 
deposited on the cheeks of open fissures.  

‘Bluestone’ is a dark bluish-grey material, very heavy, granular, and 
rather fine in texture. 

Tracts of fine pyrite and chalcopyrite can be seen among the grey body, 
which is lit up with innumerable little flashes from some brilliant 
metallic -looking ‘glance’. Sometimes blende can be detected with the 
hand-lens, and in powder under the microscope is seen to be abundant. Two 
typical bluestones, supplied by the captain of the mine, Mr. Hughes, have 
been sliced [in the Memoir these samples are numbered E.9421-2]. Dr. H. 
H. Thomas describes them as follows:- ‘The main mass of the ore consists 
of a deep-yellow zinc-blende 70 which appears, with the quartz, to be the 
earliest-formed portion of the lode. The blende is much fissured, and 
traversed by a network of minute cracks which carry chalcocite, galena, and 
pyrite. It would appear that the introduction of the galena and pyrite 
followed /828/ that of the chalcocite 71 . The mineral which I take to be 
chalcocite has a characteristic  blue tarnish and shows well in the hand 
specimen. It has been tested for copper and sulphur’. Bluestone is, therefore, 
an intimate intergrowth of pyrite, chalcopyrite, chalcocite, blende, and 
galena, with a little quartz, in varying proportions. Its complexity has been a 
serious hindrance to smelting.  

Most of the following analyses give less copper than the sliced 
specimens would, as these are so full of chalcocite. 

 
I. Bluestone. Old analysis by Claudet. 
II. Bluestone. Anal. C. H. Hills of the Amlwch Chemical Works.  
III. Bluestone. Anal..not named. 
IV. Approaching a bluestone. Anal. Johnson & Sons, 23, Cross Street, 
       London, E.C.. ‘O’ includes traces of As and Mn. Blackrock shaft. 
V. Probably pyrite, chalcopyrite, and quartz.  Anal. Johnson & Sons. 

>O= includes traces of Mn and Bi. Gwen shaft. 
V. Probably quartx with pyrite, chalcopyrite, and chlorite. Anal. Johnson & 
      Sons. ‘O’ includes traces of Mn and Zn. Quarry shaft. 
Nos. III-VI were kindly supplied by Mr. Fanning-Evans. No specimens of 
the analysed ores have been preserved. 
 

                                                                 
70 [Sphalerite ZnS, the main ore of zinc] 
71 [Cuprous sulphide Cu2S found mainly in enriched zones of sulphide deposits] 
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The genetic relations of the several ores and minerals might perhaps be 
made out by examination of a well-selected suite of slides. But as most of 
the specimens would have to be taken from the old spoil-banks (hardly any 
sulphide but pyrite remaining in the open pits) the positions in the lodes 
from which they came could not be ascertained, which would be a serious 
obstacle. 

Silica. - Finally, the vast accumulations of silica (see pp.562-3) 
[elsewhere in the Memoir] call for a brief consideration, as they may prove, 
some day, to be of some importance. They fall under three heads:- the 
silicified shale, the silicified felsite, and the quartz-rock of the Carreg-y-doll 
Lode (see below). Partial analyses of some of them will be found on pp. 
563-4 [elsewhere in the Memoir], though much higher silica-percentages 
could be obtained. The drawback to all them is the presence of sulphides, 
/829/ for though pyrite-free specimens can easily be selected, yet masses 
quarried on the large scale could not be expected to be free from that 
mineral. The silicified shale is indeed known to the miners as ‘bluestone-
ground’. If, however, any process is ever devised for which a small quantity 
of sulphide is no serious objection, then an almost unlimited supply of 
siliceous material could easily be obtained from Parys Mountain.  
 
The Lodes 
 
 The general geological relations of these have been described on p.564.  
They vary a good deal in character, some being much more definite than 

 
 

 
I 

 
II 

 
III 

 
IV 

 
V 

 
VI 

 
Pb 
Cu 
Zn 
Fe 
S 
MgO 
SiO2  
O 

 
14.46 
2.13 
27.89 
11.45 
29.05 
- 
14.47 
- 

 
11 to 13 
.5 to 1 
30 to 32 
14 to 16 
24 to 26 
- 
16 to 18 
- 

 
14 to 15 
2 
30 to 33 
- 
- 
- 
- 
- 

 
1.00 
3.80 
12.21 
10.33 
18.40 
- 
53.65 
.61 

 
.15 
6.26 
1.20 
26.25 
27.05 
.90 
37.15 
1.04 

 
.10 
4.41 
- 
23.80 
23.75 
1.10 
45.24 
1.60 

 
Total 

 
99.45 

 
- 

 
- 

 
100.00 

 
100.00 

 
100.00 

 
Ag 
 
Au 

 
per ton 
6oz 15dwt 
traces 

 
per ton 
10 to 14oz 
2 to 3dwt 

 
per ton 
8 to 10oz 
2dwt 

 
per ton 
5oz 
1dwt 12gr 

 
per ton 
2oz 10dwt 
1dwt 12gr 

 
per ton  
3oz7dwt 12gr 
2dwt 



 
 

 39

others, the quartz-pyrite lodes much more so than the bluestone lodes. In 
magnitude they also differ, both from one another and in different parts of 
the course of each. One of them is a mile in depth, with a maximum width 
of 70 feet [21.3m]. With regard to their vertical extent, some have been 
followed to a depth of 700 feet [213m], others have quite a moderate depth. 
Some die out downwards, others upwards; two or three are known to have 
outcropped upon the surface. They dip usually a little  west of north at about 
45o, the dip ranging, however, from 25o to 60o. The nature of their contacts 
will be described below, so far as it is known; but the underground 
workings are now so encrusted with mud and salts that little can be gathered 
from them, and the descriptions given here are based for the most part upon 
examination of the old ‘dumps’ or ‘spoil-banks’ (which consist, of course, 
of the less cupriferous material), upon what can be seen in the pits or 
‘open-casts’, and upon the few natural outcrops; combined with old 
published accounts, and with local information. The southern and western 
group were largely bluestone, the northern and eastern, 
quartz-pyrite-chalcopyrite impregnations. Almost the whole outcrop of 
those which lay within the Silurian shale was covered (p.749) [of the 
Memoir] by a 20-foot [6.1m] sheet of boulder-clay. 
 Twelve lodes in all are laid down upon the plans, and their outcrops (or 
positions of outcrop in the case of those which do not actually reach the 
surface, protracted from their dips) have been, through the kindness of the 
manager, Mr. Fanning-Evans, reduced upon the 0.0004 and smaller maps. 
They are - 
 
The Great or Open-Cast Lode The North Discovery Lode  
The Clay Shaft Lode The North Branch Lode 
The Black Rock Lode  Charlotte=s Lode 
The Golden Venture Lode The Great Cross-Course  
The Carreg-y-doll Lode  The Carreg-y-doll Cross-Course 
The South Branch Lode  Morfa-du Lode. 
 
 Other names are sometimes locally applied to particular portions of 
them; and some small strings and bunches are also knows to the /830/ 
miners. The lodes are arranged here, in a general way, in order from south 
to north. They fall into certain natural groups. The Clay Shaft, Black Rock, 
and Golden Venture appear to be subordinate to, perhaps connected with, 
the Great Lode. The North and South Branch are certainly connected with 
the North Discoverv, and so apparently is Charlotte’s Lode. The 
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Carreg-y-doll appears to stand by itself and have special characters of its 
own. The Cross-Courses are connected with small faults. 

Morfa-du Lode, far away below the western escarpment, is isolated. 
The adit and another level have been driven through the northern dip-slope 
of the hill, but no more lodes were met with. 
 
The Great or Open-Cast Lode  
  
 No plans of this (of any value) are preserved, and the cupriferous 
portions have been worked entirely away; but from the descriptions that 
exist, from what can still be seen in the ‘open-casts’, and from the 
spoil-banks, it is possible to get some idea of this once-famous deposit. The 
two great ‘Open-Casts’, referred to here as (p.480) [elsewhere in the 
Memoir] the ‘West Pit’[Fig. 1, which is Plate LX of the memoir] and the 
‘East Pit’, occupy the positions of two enormous aggregates or bunches, 
which, after the collapse of the underground workings described by Lentin, 
were quarried away in the open air. The two pits, which are only 30 yards 
[24.4m] apart, have a combined length along the strike of 620 yards [567m], 
with an area of about 12 acres, and are from 110 to 140 feet [33.5- 42.7m]in 
depth, their floors being some 300 feet [91.4m] above sea-level. The lode, 
moreover, extended further downwards, and was mined below the floors of 
the pits, but (though said to be better there in quality) wedged out rapidly 
when followed down. It also descended at both ends, at the same time dying 
out into a complex of small veins. At a moderate estimate, its total content 
cannot have been less than 90,000,000 cubic feet. The northern walls of the 
pits coincide, in a general way, with the northern margin of the Silurian 
shales, though the workings were, in some parts, carried back into the 
felsite, in the schistose parts of which (called ‘Careg-y-grogan’, the ‘shelly 
rock’), especially between the Cross-courses, many good kernels of 
chalcopyrite were found. The southern limb of the felsite was not reached 
so that the lode lay almost wholly within the Llandovery shales. 

The whole seems to have become exhausted about a hundred years ago. 
It was not rich, the yield being only from 3 to 5 per cent. of metallic copper, 
but being so large, and so easily accessible, there was practically for a while 
no limit to the output, and the value of the metal annually sold exceeded for 
many years ,500,000.  

There is said to have been a sort of rough order in the arrangement of 
the ores, pyrite on the north, chalcopyrite in the middle, and bluestone on 
the south, though no part was free from pyrite. The chalcopyrite and 
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bluestone have been worked away so completely that it is difficult now to 
find even specimens of them on the crags. But large quantities of pyrite 
remain, especially in the western pit, and from a study of these a general 
picture of the /831/ Great Lode may be formed. The best localities are the 
‘stack’ of silicified shale at the old engine-house in the middle of the West 
Pit (shown in Plate LX) [Fig.1], and the foot of the cliff to the north of this, 
just at the junction of the felsite and the shale. The mode of occurrence is 
the same in both cases. In rock that is more or less pyritised throughout, are 
great lenticular or ellipsoidal, overlapping aggregates, elongated along the 
strike, of pyrite cubes that are so closely crowded as to leave barely matrix 
enough to bind them together. They are not sharply defined, but send out 
many strings along the strike, and veins across it, seeking out especially 
such planes of cleavage or schistosity as remain ‘unhealed up’ by 
silicification. In the felsite, the bending schistose portions around the harder 
cores are densely studded with pyrite, destroying all the smoothness of the 
old shear-planes, and sometimes almost entirely replacing the fissile seams. 
Here and there a little chalcopyrite can be seen, but very little. The lode 
itself, it is evident, was a series of such aggregates, the bluestone zone 
(which is said to have varied from a few inches to 50 or 60 feet [15-18m] in 
width) having been a range of impregnations of similar form. Further, 
though the dip is high, the outcrop is as much as 300 feet [91.4m] in width, 
and yet there is no sign of incipient upward thinning. Manifestly, therefore, 
all the upper parts, perhaps half the original extent of the lode, have been 
swept away by denudation. Were these parts of the same nature as those 
which survived? There is reason to suspect (p.838) that they were not, but 
that they contained large quantities of galena together with some of the 
sulphides of arsenic. 

The matrix of the aggregates, both in the pits and on the spoil-banks, is 
quartz, not coarse with conchoidal fracture like most vein-quartz, but 
granular, and decidedly fine, also very free from chlorite. Specimens can be 
obtained upon the older heaps, from which almost all the pyrite has decayed, 
and which are now a sort of trellis-work of sub-translucent quartz, pierced 
with square holes in all directions, but just strong enough to hold together. 
Here and there, thin strings of ordinary vein-quartz cut it, and these are 
usually much freer from the sulphides. There is abundant silicified shale 
(some of which is granular and seems to approach to the nature of a 
‘bluestone’), but this must not be regarded as lode-stuff, being evidently the 
separating rock. On the spoil-banks chalcopyrite can be seen much more 
often than in the pits, some blocks being quite rich (though never like those 
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from the North Discovery Lode). Blende also is not uncommon, as little, 
well formed, honey-coloured crystals, in veins and druses lined with comby 
quartz. In the pits, especially the East Pit, it may often be found in situ as 
cherry-coloured patches, about the size and thickness of a sixpence 
[obsolete British silver coin approx. 1.5 cm by 0.1 cm], on the joints of the 
silicified shale. No crystals of note are to be seen, the largest, usually of 
pyrite, very seldom attaining an eighth of an inch along the cube-edge. 

In favourable weather, crystals of several sulphates effloresce upon the 
crags. Mr. Griffith J. Williams has found a fibrous modification of alum; 
while a pale-green, often almost colourless /832/ substance, which is very 
common, was found by Mr. J. O. Hughes to be ferrous sulphate with a little 
ferric sulphate, but only a trace of copper. Closely associated with this, and 
manifestly its oxidation-product, is a substance corresponding to the 
account given of the mineral analysed by Prof. Church (p.33) [elsewhere in 
the Memoir], which he describes as orange-coloured, ochreous, crystalline, 
and apparently isometric. He found it to be a basic ferric sulphate, and 
assigned to it the formula:- 

Fe3H4O5SO4(OH)4.4H2O 
 
It is, he adds, nearly identical with the Glockite of Naumann, but with four 
molecules of water-of-crystallisation instead of two. For reference, 
therefore, it may (p.568) be termed Hydro-Glockite. The small proportion 
of copper in these efflorescences is remarkable, but large crystalline 
aggregates of copper sulphate have been, and appear to be still, met with 
upon the walls of the underground workings. 

To sum up, we must think of the ‘Great Lode’ as a pair of huge groups 
of lenticular aggregates or impregnations, lying in more or less silicified 
and pyritised shale. Those along a southern zone, 50 or 60 feet in width, 
were bluestone. The rest were finely granular quartz, impregnated along the 
margin of the felsite, and for a varying distance to the south, with pyrite, but 
over the greater part of its extent with chalcopyrite also. 
 
The Clay Shaft Lode  
 
 This is given a width of 54 feet in the sections at the East Pit, but is said 
to have thickened to 140 feet on a dip of about 25o, from which it would 
seem to have consisted of bunches or swellings. According to the plans, it 
would emerge in both the pits, but nothing can be seen of it there now, and 
there is little doubt that its upper parts were worked entirely away. 
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Bluestone seems to have been its principal ore, but chalcopyrite is said to 
have been obtained as well. On the spoil-bank little can be seen but 
silicified shale with bands of pyrite, just as in the East Pit. Its upper parts 
are described (p.837) as deeply decomposed, which may account for its 
absence from the pits, as the decayed material would be readily worked 
away. 
 
The Black Rock Lode  
 
 The relations of this appear to have been the same as those of the Clay 
Shaft Lode. The two lodes are said to have ‘come together as bluestone’ at 
the ‘Bluestone Shaft’ and therefore, as Hunt refers to this as ‘the richest of 
the tributary or subordinate parts’ of the Great Lode (upon which mining 
was begun when that began to fail), it is evident that all three were in some 
way connected. The material at the spoil-bank is chiefly silicified shale, 
with nests and veins of pyrite, and some of chalcopyrite and blende, but 
very /833/ little venous quartz. More blende is to be seen here than at any 
other spoil-bank, not like the cherry-coloured patches, but honey-coloured 
and in little veins, and it is quite as plentiful as the chalcopyr ite. Some of  
the material approaches ‘bluestone’ in texture. The lode appears to have 
been a string of bluestone aggregates in silicified shale, with a little 
chalcopyrite, and to have been very ill-defined upon its margins, the 
bluestone fading off into ‘bluestone-ground’. 
 
The Golden Venture Lode 
 
 This is the only lode shown within the felsite. It is said not.to have been 
very rich, and to have died out downwards at about 180 feet. No outcrop 
can be seen, though rock is visible just to the east of its line of strike. A 
small ‘open-cast’ in the felsite, which is close by, seems to have been 
connected with it, but protraction from the plans would place the outcrop a 
few yards to the north. Schistose felsite is seen at the shaft’s mouth, but the 
spoil-bank of the lode itself consists chiefly of venous quartz, some 
horny-looking, but most of it rather finely granular. Pyrite abounds in the 
quartz, but chalcopyrite is also to be seen, some aggregates being quite rich. 
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The Careg-y-doll Lode  
 
 This great lode has a range of nearly a mile, from the Corwas 
thrust-plane, about two-thirds of a mile west of Pensarn, to near the summit 
of the Rhosybol road, and maintains a thickness of some 60 or 70 feet 
[21m] throughout a great part of its course, but thins, rather rapidly, to six 
feet at its eastern end. It lies in the Ordovician shales, on the north side of 
the north limb of the felsite [Fig. 214 of the Memoir], from which it is said 
to be separated by a small but varying width of shale, and has an average 
dip of 45o. It appears to have been worked at a great depth below the ‘Gwen 
shaft’. At both the Cross-Courses it is cut and shifted. Near the summit of 
the hill, 133 to 230 yards [40 - 70m] east-north-east of the windmill, is a 
great boss of quartz-rock known as the Carreg-y-doll (‘the crag of the 
toll-taking’). When the protractions from the plans were laid down upon the 
maps, it became evident that this, as well as a number of other exposures of 
quartz-rock between the Great Cross-Course and the east end of the hill, 
could be no other than outcrops of the Carreg-y-doll Lode, in which 
identification Mr. Hughes, the captain of the mine, concurred, adding that 
the character of the material of the boss was that of the lode as known to 
him in the underground workings. The width of these outcrops also agrees 
with the measurements of thickness given by Phillips and the Messrs. 
Fanning-Evans. The sections of the Mona Mine, it is true, show the lode 
dying out upwards in a number of thin strings, and do not give it more than 
30 feet [9m], but they are said to show only its more cupriferous, and ignore 
its barren portions.  

At the west end of the hill, north of the ‘u’ of ‘goleu’, are some 
exposures of a wide band of quartz-rock, rising at one place into a /834/ 
great white knob, whose ice-worn summit (p.746) [elsewhere in the 
Memoir], shining in the sun, is a conspicuous object for several miles. The 
stratigraphical difficulties of its location have been a good deal discussed, 
and, certainly, it is not a sedimentary quartzite. But it has all the 
peculiarities (described below) of the Careg-y-doll boss and lode, it lies 
close to the junction of the felsite with the Ordovician shales, and is without 
doubt an outcrop of the same or of a precisely similar lode. It has the north 
and south strike of that portion of the hill, but must thin rapidly in both 
directions, as there is no room for it between the felsite and main body of 
the shale a short distance away. Levels are said to have been driven 
underneath it. Whether it be a separate segregation on the same horizon as 
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the Carreg-y-doll lode, or a portion of that lode cut off by late movements, 
is not at present known. 

All these outcrops, and also the great spoil-banks of the Henry’s Shaft, 
have the same general characters. The body of the lode is a. very hard 
quartz-rock, rather fine, and frequently simulating a sedimentary quartzite. 
Under the microscope, however, there is not the least sign of clastic texture, 
al1 the quartz being granular, with interlocking junctions, often, indeed, 
hypidiomorphic, sometimes even with an approach to a spherulitic 72 
arrangement. In the field, curious wandering banded structures are 
conspicuous, especially on the clean ice-worn summit of the western boss; 
and drusy cavities are very common. Underground, enormous empty 
vughs 73 are said to have been met with, one of them being no less than 24 
feet in height; ‘magic cavities, that when entered with a candle, display a 
scene of intense brilliancy’. Remains of shale, and sometimes, apparently, 
of schistose felsite more or less silicified, are enclosed within the 
quartz-rock. The general body of quartz is more uniform than in the other 
siliceous lodes, and, in the spoil-banks, pale green with disseminated 
quartzite. Pyrite in small cubes is always present, but not in great quantity, 
except in some curving seams of the Carreg-y-doll crag, which divide the 
rock into rude lenticles. On the outcrops it is represented only by cubic 
cavities, often filled with limonite. In the same way, the small druses of the 
surface may be accounted for by the decay of pyrite and chlorite. But what 
the minerals can have been whose removal gave rise to the great 
subterranean caverns is not easy to understand. Knots and strings of 
chalcopyrite can be found in the spoil-banks, but not so large or so 
concentrated as in the others. Some good bunches have been found in it, but 
the lode is not a rich one, its average being put at 2.5 to 3.0 per cent, and the 
matrix is very hard. Large masses of it still remain unworked.  
 
Charlotte's Lode  
 
 With this is included what is by the miners called the ‘Marquis Lode’ at 
the east end, but an interval is shown on the plans, though no displacement 
is represented at the Carreg-y-doll Cross-Course. It is said to die out 
upwards [Fig. 214 of the Memoir, Fig. 6 below], and shale can he seen at 
the surface where its outcrop would be according to protraction. /835/ It is 

                                                                 
72 [A more or less globular mass of crystals having a radial arrangement.] 
73 [Cavities with a crystalline mineral lining, similar to a druse or a geode.]  
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on the strike of the North Discovery Lode, and is said to have been rich, but 
the material is quite different, much of what can be seen upon the spoil-
bank being a fine horn-stone, sometimes evenly bedded, and very much like 
the silicified shale, rather sparsely studded with pyrite. Other blocks have a 
little venous quartz with chlorite as a binding to dense aggregates of pyrite, 
along with which are similar aggregates of chalcopyrite. But there is not 
much of such quartz, and a general picture of the lode is not easy to arrive 
at. 
 
The North Discovery Lode  
 
 This, by far the richest in the mountain, has been worked entirely away, 
scarcely so much as ‘scrapings’, it is said, remaining some 30 years ago 
[written about 1910-12]. It bore as much as 20 to 25%, and the total value 
of the output has been estimated at more than ,1,000,000. The description 
is more like that of a true fissure-vein than any other in the mines, for it is 
said to have had well-defined foot and hanging walls, to have dipped north 
at 60 degrees (cutting, apparently, the Carreg-y-doll Lode on its way), and 
to have been about eight or ten feet wide. On the plans it is shown as 
beginning a few yards west of the Great Cross-Course, and running as far as 
the Rhosybol road, a distance of rather more than quarter of a mile. No 
outcrops can be seen, but the ground is heavily laden with spoil-banks. It is 
said that ‘the shoot of ore dipped west at 1 in 2’, from which it would 
appear that the richest parts were elongated concentrations whose major 
axes had an inclination parallel to the strike. 
 The spoil-banks are even now the richest that are to be seen upon the 
hill, in spite of having been picked over some 25 years ago, when they 
yielded 3.5 to 5.5 per cent. Consistently with the comparative definiteness 
of the general relations of this deposit, the spoil-bank material is decidedly 
less impregnation-like than usual. There is a good matrix of quartz, rather 
coarse and venous in aspect, not simulating a quartzite as does that of the 
Carreg-y-doll. In this is chlorite, sometimes so abundant as to suggest that 
silicified diabase may enter into the composition of the lode, especially as a 
few small basic sills crop out along the line of strike. Here and there, 
notwithstanding the generally venous aspect of the material, are surviving 
flakes of shale, silicified and chloritised. Some exceptional blocks contain a 
hard haematite. Pyrite is generally present, but is not dominant as in the 
other lodes. Chalcopyrite is, even in this refuse, quite common; almost any 
block one breaks contains a little, and some, that have a peculiar rusty crust, 
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are brilliant with it, in aggregates an inch or two across. The North and 
South Branch Lodes are off-shoots of the North Discovery Lode and are 
said to have had the same general character. Between the North Discovery 
group and the Carreg-y-doll zone there were only some small strings of 
quartz with a little chalcopyrite, blende, and galena, the whole being of no 
great value. /836/ 
 
The Cross-Courses 
 
 Both from plans and outcrops, it is evident that these run along north-
and-south faults with down-throws to the west. Where they cut the Carreg-
y-doll Lode the displacements of the faults are, at the Carreg-y-doll Cross-
Course, about 150 [45.7m] and at the ‘Great’ Cross-Course, only about 100 
feet [30.5m], but a considerable deflection of the strike is produced at the 
latter. The Carreg-y-doll Cross-Course is represented as narrow, and 
nothing more is known but that it contained a band of ore, presumably 
chalcopyrite. The descriptions given of the Great Cross-Course, also called 
‘The Flucan’ (a term applied elsewhere to a metalliferous breccia), are 
perplexing , and do not agree, either with the small displacement of its fault, 
or with what is to be seen on the ground. It is said by Phillips to have been a 
breccia of the adjacent rocks, no less than 60 feet [18.3m] wide, and is 
represented as 80 feet [24.4m] wide at the north wall of the West Pit. No 
such breccia can, however, be seen upon the cliff (which is shown in Plate 
LX of the Memoir) [Fig.1] and even the displacement of the fault has died 
away. Nothing is to be detected but some rather folded sericitic 74 shale, with 
the schistose felsite overlying it, and the boundary not appreciably shifted. 
There has been a heavy rock-fall at the place, and such breccia as may exist 
must be concealed by that. On the south cliff, the silicified shale is 
undisturbed. Most likely the explanation is that there is a considerable 
wrench, developing a small fault that dies out southward, along which there 
is a little breccia with a parallel zone of pyritisation, attaining a width of 60 
or 80 feet in places. It is described as resembling in a general way, the Great 
Lode. There are no recognisable spoil-banks. 
 
 
 

                                                                 
74 [Type of colourless mica-like mineral intermediate between true mica and clay-minerals, 
e.g. Kaolin-muscovite.] 
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Morfa-du Lode 
 
 This lies at the western extremity of the mountain, running from north 
to south between the great quartz-knob and the chapel (mentioned also at pp. 
458-9) [elsewhere in the Memoir], in the Phyllograptus 75 shales below the 
felsite, and is said to dip westward. It is a bluestone lode, and the spoil 
banks are chiefly modified shale. Much bluestone, with a rough, russet crust 
is (in 1912) lying near the shafts, the lode having been worked at intervals, 
for a considerable time, down to a few years ago. The modified material, 
unlike the indurated ‘bluestone-ground’ is rather soft, and it is evident that 
the Morfa-du bluestone, though a mineralised, is not a silicified shale . 
There is also a little quartz-pyrite ore. Pyrite and chalcopyrite are frequent 
in the bluestone, but blende is not conspicuous. A rather coarse variety is 
frequent, which is brilliant with a >glance= that appears to be chiefly 
chalcocite. The workings are said to be shallow, and the lode is a series of 
ill-defined impregnations like most of the bluestone lodes. 
 
Primary Ore-zones 
 
 From these accounts it will be seen that in one or two cases there are 
some signs of primary pre-zones, but the old records are vague. /837/ In the 
North Discovery Lode, they indicate a rude vertical succession among the 
several sulphides, dipping at about 27 degrees, which, as we shall presently 
see, cannot be other than primary. In the Great Lode, the only order of 
which we have direct information is horizontal; pyrite, chalcopyrite, and 
bluestone succeeding each other from north to south, from which it would 
appear that all these ores must be original, not secondary, products. 
Moreover, it will appear that there is indirect evidence that they were once 
overlain by a primary zone rich in argentiferous galena, with considerable 
quantities of some arsenical ore. 
 
Gossan 
 
 The product known locally as ‘gossan’ we have found (pp.564-5 of the 
Memoir) to be really a ferrified boulder-clay. Access has (since p.564 was 
printed) been obtained to more of the old records, from which it is evident 

                                                                 
75 [Phyllograptidae Family of British Ordovician Graptolites.] 
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that a considerable amount of true gossan was developed, though only, so 
far as is known, upon the southern lodes. 
 
Clay Shaft Lode  
 
 The bluestone of this (and to a less extent, apparently, of the Black 
Rock) lode was much decomposed in its upper part to a dull grey clay, the 
body of which would seem to have been a residuum of mineralised shale. In 
the opinion of Hunt, its copper, zinc, and iron had been removed by 
weathering, being oxidised to sulphates, all of which would be soluble, its 
lead, whose sulphate would be insoluble, remaining behind. Manifestly this 
clay was a true gossan after bluestone; and the downward improvement of 
both these lodes may therefore be regarded as developments of secondary 
depth-zones. 
 
The Great Lode 
 
 Nothing that could be described as true gossan seems to remain in the 
pits today; but from the old accounts given by Pennant 76  and Lentin, 
mineralogically vague though they often are, there is no doubt that 
considerably developments of true gossan, some of which have a genetic 
interest, existed upon this lode. Several varieties are described by them. 
Pennant says that ‘above the copper ore, and not more that three-quarters of 
a yard below the common soil, is a bed of yellowish greasy clay, containing 
lead ore, and yielding 600 to 1000 pounds per ton’, which, however, was 
difficult to smelt, so that some 8000 tons were thrown on to the banks. A 
‘loose dark purplish earth’ is also said to have yielded well. The others are 
described by Lentin. One of them, tough, white, and somewhat greasy, 
contained reniform [kidney-shaped] aggregates of barytes. Close to the 
surface, on the northern side, was a yellowish green ‘lead-earth’ (perhaps 
identical with Pennant=s >clay=), containing white ‘Bleiglaskrystallen’, and 
sometimes crystals of sulphur, in a very brittle quartz. This earth is said to 
have been so extremely volatile that it could not be smelted, which suggests 
that it must have contained a high proportion of arsenic. Little, if any, 
deeper, at the opening of the mines, was found a 20-foot mass (which died 
out downwards), consisting partly of melaconite, partly of tetrahedrite 
                                                                 
76 [Thomas Pennant 1726-98 of Downing, Flints. British zoologist and antiquary. Author 
of Journey to Snowdon London 1781and A Tour in Wales 1770 London 1783-4 as well as 
British Zoology, History of Quadrupeds, Genera of Birds etc.] 
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(whose presence confirms the suggestion that the volatility of the aforesaid 
‘earth’ was due to arsenic); while, in a similar position, occurred leaf-like 
and moss-like aggregates of metallic copper. Pyromorphite 77  also seems 
(p.839) [elsewhere in the Memoir] to have been present. Perhaps the most 
interesting is an accumulation, found in the middle of the lode, at a depth of 
about 70 feet, described as brown, porous, and friable, in which were 
crystals of a ‘Silberhaltigen Bleiglas’, whose form, colour, fracture, and 
percentage-composition all agree with those of Anglesite. It will be 
observed that several of the substances mentioned are well-known gossan-
products; and also that lead, with its tendency to form an insoluble sulphate, 
had become concentrated in these gossans. In fact, such large quantities of 
lead sulphate seem out of all proportion to the moderate amounts of lead 
sulphide found in the early explorations of this lode, and can hardly have 
been derived therefrom. May we not ascribe them to downward percolation 
from the vanished upper portions, long ago (p.831) swept away by 
denudation? If we may, then the phenomena just considered seem to point 
to these upper portions having been comparatively rich in argentiferous lead, 
as well as in arsenic. 
 
The Northern Lodes 
 
 On the corresponding parts of these, nothing of the kind seems to have 
been met with. Some of the natural outcrops of the Carreg-y-doll Lode still 
remain to us, and certainly there is no true gossan upon them. Its absence 
from all but the southern lodes may be ascribed to a combination of causes. 
The hill has been (p.746) [elsewhere in the Memoir] severely glaciated, and 
incoherent matter like that of a decomposing ore could hardly fail to be 
swept away by the onset of the ice from all its northern and upper parts, 
whereas the southern lodes emerged under the sheltered lee of steep 
escarpments, positions like those where we have already found (p.702) 
[elsewhere in the Memoir], that similar decayed matter has been able to 
survive. But it is quite likely that the northern lodes never developed more 
than very small quantities of true gossan. Their sulphides are disseminated 
throughout a matrix of granular quartz, protected by which encasement their 
decomposition would be very slow. It is, indeed, to the great quartz-reef of 
the Carreg-y-doll and to the silicification of the felsite that Parys Mountain 

                                                                 
77 [Lead phosphate-mineral (PbCl)Pb 4(PO4)3] 
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owes its survival as a monadnok 78  (p.781) [elsewhere in the Memoir], 
which of itself indicates that any development of true gossan upon such 
masses must always have been trifling. Nor can any secondary enrichment 
have taken place in lodes of this kind, so that any ore-zones in them of 
which there are indications must have been primary. 

                                                                 
78 [An isolated hill standing above the general level of a peneplain; an erosion remnant of 
the original surface.] 
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7 Other metalliferous deposits79 

/844/Considering the great size of the accumulation of metallic sulphides 
concentrated in Parys Mountain, it is really surprising that there should not 
have been more elsewhere. Veins and pockets have indeed been found in a 
good many places, especially in the north, and have been mined for a while, 
but nothing on a comparable scale. Nor is this for lack of exploration. 
Hopes naturally rose high after so striking a success, shafts and levels were 
driven all over the district, and even now the sight of a little pyrite or of a 
few stains of malachite are enough to cause an outlay of capital. Not much 
can generally be gathered of the history of these undertakings, but those of 
which anything has been ascertained are placed on record here. 
 
Sulphides and their associates 
 
 Rhosmynach-fawr.- About 30 years ago, shafts and levels were driven 
into the rocks of the small Silurian infold (pp. 482, 495, 535, 571) 
[elsewhere in the Memoir], and chalcopyrite was obtained, but the mine 
was eventually deserted. It has lately been reopened, and the usual pyrite 
and chalcopyrite (unaccompanied, apparently, by bluestone) again obtained. 
At one spot (and there only in quite small quantities) an interesting ore was 
met with, which yielded an average of .5 oz, a selected specimen as much 
as 13.65 oz, of gold per ton. A partial analysis of the selected specimen is as 
follows:- 
 
SiO2  28.8 per cent 
Fe  21.0  “ 
Cu  5.6 “ 
Bi  8.5 “ 
Ag  6.00 oz. per ton 
Au  13.65  “ 
 
Anal. R. Rae, Widnes. Communicated by Mr. Griffith J. Williams and Mr. J. 
L. Francis, by permission of Mr. Toller. 
 

                                                                 
79 [Extract courtesy of the British Geological Survey.] 
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It occurs in lenticular aggregates along the divisional planes (evidently 
cleavage, see p. 483) [elsewhere in the Memoir] of altered shale, and is an 
intimate intergrowth of several minerals. Pyrite, chalcopyrite, and fibrous 
quartz, are all visible under the microscope, a considerable residue of the 
latter being left on dissolving in aqua regia. The proportions of these 
components appear to be sufficient to account for the iron, copper, and 
silica. Of greater interest is a mineral which has a foliated or scaly structure, 
a steel-grey /845/ tint with a bright metallic lustre, and is opaque even in the 
thinnest flakes. Its specific gravity is high, its hardness about 2.0, and it 
gives a lead-grey streak, also soiling paper, though with difficulty. As these 
characters were suggestive of the presence of tellurium, a small fragment 
was sent to Mr. Radley and Dr. H.H. Thomas. Mr. Radley found a 
considerable proportion of sulphur (which probably makes up most of the 
undetermined 36.1 per cent.) and that tellurium was present, but only in 
very small quantity, whence it would appear that the bismuth must exist 
mainly in the state of sulphide. Dr. Thomas, after careful examination, 
writes that the crystalline form (so far as he can make it out) while recalling 
that of tetradymite, is not inconsistent with the orthorhombic nature of 
bismuthine. With regard to the gold, none, indeed, was observed under the 
microscope, and the only available specimen was so small that no 
satisfactory determination could be made of the condition in which it and 
the silver are present; but when in this association, they are known to be 
often in the free state. The ore may therefore be regarded as composed of 
bismuthine, pyrite, chalcopyrite, and quartz, and as carrying free 
argentiferous gold.  
 
Porth Helgyn. - A level was once driven for copper in the Gneisses a little 
to the south of this cove (p.238), and chalcopyrite was obtained. Lead is 
also reported to have been worked near Dulas. 
 
Ogo-fawr. - There are two small old levels in the shales just above the 
chasm, on the south side of the basic sill. In the diabase itself some of the 
quartz-veins contain a little chalcopyrite and some strings of malachite, but 
the thickest veins are not more than about five inches across, and even they 
are chiefly quartz. 
 
Rhosgoch. - A little chalcopyrite was found in the shales about 150 yards 
north-north-east of the station a few years ago, and was explored for a while. 
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Pant-y-caseg ridge. - The quartz-lode, or rather zone of silicification (for it 
is not a fissure-hole) has been partly described on pp.570-1 [elsewhere in 
the Memoir] because of its being the source of the now well-known 
kaolinite.80 The mine appears to have been working in 1859, by means of 
the level driven in from the cliff’s foot, but was abandoned. Later on, a 
shaft was sunk upon the ridge, but the work was again abandoned about 20 
years ago, then resumed once more, and carried on till 1906. The 
measurements quoted for the level show that it and the shaft were in the 
same ‘lode’. Chalcopyrite, blende, and siderite occur among the quartz. The 
siderite lines comby veins or druses, and upon it occurs a few lumps of 
cherry-coloured blende about half an inch in diameter. Some of the blocks 
in the shaft spoil-bank are quite rich in chalcopyrite, but these must be 
exceptional, or the work would have been continued.  
 
Hell’s Mouth. - There is an old level in the fault-breccia (pp.311, 474) 
[elsewhere in the Memoir] said to have been merely a trial, presumably for 
chalcopyrite. /846/ 
 
Pen-bryn-yr-Eglwys. - Along the northern boundary of the Gader Gneisses81 
there runs for about half a mile a breccia cemented by quartz, with some 
small aggregate of limestone. Three shafts were sunk along it, apparently in 
search of chalcopyrite, but seem to have been failures, as the works have 
been abandoned for 40 or 50 years. 
 
Mynydd y Garn. - A level has been driven into the Gwna Beds, a short 
distance to the south-east of Hendre-fawr, apparently intended to reach the 
local zone of silicification along the Carmel Head thrust-plane. There are 
also one or two old shafts, close to the Garn thrust-plane, on the south side 
of the hill.  
 
Bron Heulog, Llanfaethlu . - Copper, apparently chalcopyrite, is being 
worked near this place at the present time (1912), but whether in the 
Ordovician rocks or the Mona Complex is not yet known.  
 

                                                                 
80 [The typical clay-mineral or lattice-layer mineral of the kaolinite group inc. dickite and 
nacrite, all complex hydrated aluminium silicates formed by the decay of feldspars.] 
81 [Extremely highly metamorphosed igneous orthogneiss or sedimentary paragneiss rocks 
widely represented in the Precambrian generally and Anglesey in particular.] 
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Pentraeth. - There are said to be old shafts for copper in the Gwna Beds 
near Plâs Gwyn; and a little galena has been noticed in the Carboniferous 
Limestone near Tan-y-Graig.  
 
Llanddona. - The old level referred to on p.364 [elsewhere in the Memoir] 
was driven for lead, and there is said to be another by the river. In the year 
1623, Sir John Wynn, of Gwydir (cited by Lady Boston), writes to the 
‘Prime Officer’ of Beaumaris, ‘I pray you do your endeavour to sell my 
lead ore that is att Beaumaris’. The source is not mentioned but seems 
likely to have been Llanddona. 
 
Llangaffo. - In the years 1888 and 1889 eight assays (kindly lent by Mr. 
H.O. Hughes of Cefn-mawr) were made of quartz, pyrite, and galena from a 
high boss alongside a road that runs down to the marsh, north-west from 
Llangaffo Smithy, close to the 100-foot contour. No great quantity of pyrite 
was found, but in parts it contained 22.6 per cent. of copper, thus 
approaching chalcopyrite. Silver was found in some of the galena to the 
extent of 1025 dwt. per ton. The principal interest of the minerals, however, 
is that one specimen of pyrite yielded as much as 8 dwt. per ton of gold 
(others yeilding 4 dwt. or less). All the quartz exposed when that ground 
was being surveyed belonged to the lenticular augen of the Penmynydd 
mica-schists, but the spot is on the strike of the zones of silicification 
mentioned on p.568 [elsewhere in the Memoir]. 
 
Miscellaneous  
 
 Strike-veins of Barytes a few inches thick occur in the Carboniferous 
Limestone at Ffrwd-onen, Llangristiolus; Ty-calch and Ty’n-llwyn, 
Trefdraeth; 250 yards [229m]north-west of Ty-pigyn, Bodorgan; and in the 
Mona Complex close to the Carboniferous south-east of the Smithy, 
Llangristiolus. A 12-inch [30mm] vein also occurs in Mynydd Bodafon, by 
the parish boundary, close to the ‘B’ [on the 6” OS Map]. The third, fifth, 
and sixth were determined chemically as BaSO4 by Mr. J. O. Hughes. /847/ 

Small patches of copper-salts are not uncommon, and do not imply the 
presence of workable quantities of ore. Some from the glaucophane-schist82 
of the Column quarry, and from about a furlong west of Dinam, Valley, 

                                                                 
82 [A distinctively-blue-coloured metamorphic schist formed at low temperature and high 
pressure; the amphibole mineral glaucophane is rich in sodium.] 
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were found by Mr. J. O. Hughes to be a carbonate, and therefore, from their 
green colour, malachite. The object of the shafts in the boulder-clay on 
Penrhiw drumlin 83  (p.732) [elsewhere in the Memoir] has not been 
ascertained. As a report was current that nickel was being sought there in 
boulders of the horneblende-picrite,84  Mr. Hughes examined a specimen 
from Llandyfrydog, where the rock is in situ , for that metal, but none was 
found, nor was there any in the analysis quoted on p.491 [elsewhere in the 
Memoir]. The graphite, which is a constituent of certain members of the 
Mona Complex occurs in very thin films, and is quite unworkable. 
 
Irons tones 
 
 The Ordovician ironstones (for descriptions, analyses, and localities of 
which see pp. 406-7, 414 and Chapter XIV85) [elsewhere in the Memoir] 
have been worked here and there from time to time; that of Llangoed 
having been reopened a few years ago, but again abandoned, apparently 
from being too siliceous. Twenty-five assays were made by W. W. White in 
1873-5 from ‘the open quarry or cutting, Garn Redwin’, evidently the 
ironstone of Bonw by the Garn (p.465) [elsewhere in the Memoir], which is 
not far from Rhyd-wyn. They record ‘metallic iron’ ranging from 33.89 to 
69.00 per cent., results which should be compared with the analyses given 
on p.407 [elsewhere in the Memoir]. ‘Chromium’ to 17.50 per cent. is also 
recorded. Various trials yielded silver from 2 oz. per ton and upwards. A 
‘picked piece of silver ore’ yielded 344 oz. 2 dwt. 24 grs. of silver, while 1 
oz. 12 dwt. 16 grs. of gold (both presumably per ton) is recorded from what 
seems to have been the same specimen; but no further information has been 
obtained concerning this substance. In any case, it is certain that the 
enterprise had soon to be abandoned, for the Bonw quarries are barely 100 
yds in length. Local ferrifications of various beds, such as those mentioned 
on pp.455-6 [elsewhere in the Memoir], are usually insignificant, and 
should be distinguished from the true oolitic rock. 

                                                                 
83 [Hill composed of glacial deposits esp. Boulder clay and gravel.] 
84 [A type of ultrabasic rock containing over 90% of ferromagnesian minerals (horneblende 
amphibole) with up to 10% feldspar. Though this mineral is native to Anglesey, it is rare 
and more often found as erratic bounders transported by glacial movement.] 
85 An account of them will also be given in a forthcoming volume of the ‘Special Reports 
on the Mineral Resources of Great Britain’, a series now being issued by the Geological 
Survey. 
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The borings in the Coalfield 86 (pp.664, 820) [elsewhere in the Memoir] 
record a good many thin ironstones, and two analyses are quoted on p.818, 
but not much is known about them. The ferruginous deposits mentioned on 
p.774 are quite thin and of small extent. 

In case of misunderstanding, it may be well to explain that the ‘iron-
stones’ frequently referred to in Chapters IV, XVI, XXVII [elsewhere in the 
Memoir] ... are not workable deposits. They are little grains chiefly of 
magnetite ,87 ilmenite,88 and pyrite, which, disseminated in small quantities, 
are common rock-forming minerals. Nearly all rocks, indeed (as may be 
seen from the analyses given in those chapters) contain some proportion of 
iron. /848/ 
 
Note on Gold and Silver 
 
 There are now 10 records of these metals in Anglesey, seven of which 
are from Parys Mountain, and the rest from Llangaffo, Rhosmynach, and 
Bonw. It may perhaps be as well to remark that gold, in small quantities, is 
a far less uncommon metal than is usually supposed. Pyrite and 
chalcopyrite, in fact, will often yield a little, if subjected to sufficiently 
drastic analysis; while nearly all galena will yield some proportion of silver. 
The Parys Mountain silver is undoubtedly contained in the galena which is 
(pp. 82-8) one of the minerals of ‘bluestone’, while the gold is probably 
contained partly in this silver, partly in pyrite. The Parys anglesite was also 
argentiferous. In eight of the Anglesey cases, there is the well-known 
association of gold with sulphur and silica, while silver and gold occur 
together in all of them save, possibly, the anglesite. That these metals 
should be present in the oolitic ironstone is more unexpected, but as pyrite 
is also present, they may be contained in that. In two of the Parys ores there 
is a little arsenic and bismuth, while the Rhosmynach ore contains no less 
than 8.5 per cent. of the latter. The curious association of gold with bismuth, 
a long-established phenomenon, has doubtless a genetic significance. 
 
 

                                                                 
86 [All Anglesey coal was mined in the vale of the Cefni from Malltraeth to Llanfihangel 
Esgeifiog. It is hoped to reproduce Greenly’s chapters on the Anglesey coalfield in a later 
booklet.] 
87 [Magnetic ferric oxide Fe3O4] 
88 [Combined Titanium-iron oxide FeTiO3] 


