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Norices or CorpER MINES IN IRELAND.

The ores of copper occur in many parts of Ireland ;
but they have never been wrought to advantage except
in rocks of the Silurian,*{ Old Red Sandstone,} and
Devonian, or Carboniferous,§ periods; in the counties
of Wicklow,* Waterford,T Kerry,] and Cork.§

The copper-bearing rocks of
WickLow,
—which have been more extensively mined than those
in any other part of Ireland,—stretch from Kilmacow,
across the deep Vale of Ovoca, to the Aughrim river, ||

® Smyth, Records of the School of Mines, 1. p. 370.

+ Jukes & Du Noyer, Ezplanation to accompany Sheets 167, 168, 178, & 179
of the Maps, and Sheet 13 of the Longitudinal Sections of the Geologioal Survey
of Ireland, pp. 69, 82, Jukes, Quarterly Journal of the Geological Society of
London, xxI11. pp. 323—4.

$ Griffith, General Map of Ireland to accompany the Report of the Railway
Commissioners. Haughton, Journal of the Geological Society of Dublin, V1. p.
206, Jukes, Explanations to accompany Sheet 184 of the Geological Swrvey of
Ireland, pp. 24—56, 37.

§ Griffith, General Map of Ireland lo accompany the Report of the Railway
Commissioners. Haughton, Journal of the Geological Society of Dublin, V1. p,
227. Jukes, Kinahan, Wynne, & Smyth, Ezplanations to accompany Sheets
191, 197, & 198 of the Geological Survey of Ireland, pp. 7, 20, 30. Jukes, Notes
Jor a compayrison between the Rocks of the South West of Irsland, and those of
North Devon, and Rhenish Prussia, p. 16.

|| *¢ Les mines de cuivre ont été reconnues dans une étendue de 7 milles d’
Ireland (environ 14 kilomatres 4-10) (3) du nord-est, au sud-ouest depuis Kil-
macréa jusqu’ A 1a montagne de Bally Coage.”

Journal des Mines, No, xv1. (1795) p. 80.

“In the county of Wicklow, the metalliferous clay slate district occupies but
a small space, being very narrow in breadth, and in length not more than ten
miles, extending from Croghan Kinshela on the south, through the townlands of
Knocknamohil and Ballymoneen, Ballymurtagh, Ballygahan, and Kilcashel,
Cronebane and Tigrony, Kilmacow and Connery, towards the West Aston
range on the north.”—WeAvER, Geol. Trans., V. pp. 207—8.

*¢ The clay slates which form the principal constituent rock of the county of
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some nine or ten miles along the beds of slate, which
range from north-east to south-west,* and dip towards
the south-east.

Towards the north-west certain inferior members of
the metalliferous series are interlaid by granular beds
of felspar aid hornblende. These are succeeded by
mottled, pale-blue and white, fissile slates, thinly
sprinkled with minute crystals of iron-pyrites. The
principal portions of the formation consist, however,
of homogeneous, dark-blue and variegated clay-slate,
of silky lustre; often thinly cloven near the surface, but
always of thick-lamellar structure at greater depths.t
This sometimes alternates with thin layers of slightly-
laminated, yellowish or bluish-white, argillaceous
matter. In a higher part of the system a few thin,

‘Wicklow are not, as a whole, remarkable for the presence of metallic minerals,
either disseminated, or in veins; but a band or ‘channel’ of about 600 fathoms
in width, coursing from the north flank of Croghan Kinshela for about 9 miles
in the direction N, 40° E., exhibits at intervals a variety of metallic ores ; which
being in certain spots accumulated in larger quantities than elsewhere, have
given rise to the long-continued mining operations in the Vale of Ovoca.”
8uYTH, Records of the School of Mines, 1. p. 370.
Mahon, The Mines of Wicklow, p. 35.
# In 1840 the magnetic declination at Dublin was about 27° 30° West,
Lroyp, PAd, Trans., OXXXIX. p. 208. SABIN®, Ibid, Pl. XIV.
+ ¢ La gangue est en général 1'espdce de schiste argileux que les mineurs
nomment Aillas, et qui est tendre et lamelleux, et l'argile, blanche en quelques
endroits, jaune ou noire en d’autres.”—Jowrnal des Mines, No. xv1, p. 80,
¢ In the eastern bank of the Avonmore the clay slate contains some thin beds
of hornstone and felspar porphyry, and to the north-west it rests upon a thick
bed of greenstone, that encloses a bed of roofing slate. Beyond the greenstone,
clay slate reappears in mass: all these rocks ranging north-east and south-west,
and dipping 65° to the south-east. # * #
¢ Cronebane is flanked on the north-western and south-eastern sides, in
Connery and Tigrony, by quarts rock which varies from granular to compact
splintery, and abounds in contemporaneous veins of pure white quarts. The
interval is occupied in part by pure clay slate, but principally by clay slate in
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crumpled and fissile layers, of glossy black hue, afford,
here and there, traces of carbonaceous matter. Above
these—in Connorree and Tigrony at least—the clay-
slate graduates into a massive siliceo-felspathic rock.
The planes of cleavage coincide with the bedding
of the rocks ; as well in their north-easterly and south-
westerly direction, as in their south-easterly dip.

almost every stage of union with quarts & # & which graduates at length
into a substance which has all the characters of hornstone and even of flinty
slate, and these again pass by a series of gradations into pure clay slate; a
progression which is repeated likewise on the outer flanks of the quarts rock.
These quartzose varieties of clay slate abound in contemporaneous veins of pure
quarts, which are more or less metalliferous. & # »

The clay slate and quartsose slate contain subordinate beds of what are
technically called soft-ground. As far as explored they vary from three to
fourteen fathoms in width, and extend to an uncertain distance; but some have
been traced for more than one hundred fathoms, while in depth they generally
become more compact and firm. The soft ground consists of tender decomposing
clay slate, varying from & light yellow or grey to a deep black colour, abounding
in pyritous patches # & # and generally accompanied by a considerable body
of greyish or yellowish white clay. # ¥ # The slaty rocks (whose general
range is nearly north-east and south-west, and dip south-east at an angle of 65°)
are divided into great beds, by parallel seams or joints, which intersect the in-
clined planes of the clay slate at right angles dipping 25° towards the north-
west. These seams are open fissures, which sometimes will admit one or two
fingers, and at other times scarcely the blade of a knife. In their progress they
pass uninterruptedly through all the beds and contemporaneous veins included
in the slaty rocks, dividing them, and sometimes producing, as it were, a sensible
alteration in their disposition. This tendency towards a division into horisontal
beds (independent of the slaty structure) may also be observed in several parts
of the district.” Wnaven, Geol. Trans., V. pp. 214—16.

¢ The slates [in this neighbourhood], which from the fossils occurring near
Rathdrum, are referred to the lower Silurian period, are thinly laminated, and
very uniform in strike and dip, though differing so much in mineral composition
as to pass through many gradations of argillaceous, talcose, felspathic, and
greenstone slate, Considered under a general aspeot, the hornblendic varieties
occur chiefly on the lower or ‘lying’ side of the metalliferous portion, whilst
the hanging side is occupied, on both sides of the Ovoea, by extensive roughly
bedded masses of a felstone, or siliceous felspar rock, which gives rise to most
of the precipitous forms between the Meeting of the Waters and the Wooden
Bridge.” —8uYTR, Records of the School of Mines, 1. pp. 870, 408,

Mahon, The Mines of Wicklow, pp. 35, 75,
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The most noteworthy portion of the formation, how-
ever, is (the Sulphur-course) a metalliferous band,
which—with few interruptions-—conforms, in both
bearing and inclination, to the schistose structure of
the adjoining strata.*

@ ¢« In [the] soft ground are contained one or more layers parallel to each other
of copper pyrites, or mere iron pyrites, varying in thiokness, and sometimes
acquiring a breadth of several fathoms. # % % Thin parallel layers of ore
are interstratified with the clay-slate.”—WeAVER, Geol. Trans., V. pp. 216—16.

¢ The metalliferous contents, of this remarkable series, are disposed i several
groups of straight lines presenting, with a singular degree of parallelism most
of the characteristics of bedded or stratified masses, such as their conforma-
bility to the beds of the slatey rock of the country, their freedom from vein-
stone, from ¢ vugs,’ and from crystallized minerals, their laminated structure,
and the gradual blending, in most cases, of their ores with the adjoining strata.
Yet & & & they appear to cut across tAs strike of certain beds.”

8uYTH, Records of the School of Mines, 1. p. 392,
¢ In the Ovoca district the bed-like appearance of the sulphur-course is com-
plete.”—MARON, The Mines of Wicklow, p. 78,

¢ Throughout its range the sulphur-course has the same underlie as the
cleavage-planes of the clay-slate adjoining it."”

Jorx Hopae, Esq., Superintendent of the Ballymurtagh Mines, MSS,

“ Les pyrites [de Fahlun] sont trds variées; il en est qui sont trds-riches en
cuivre, avec ungrain trés-fin et serré; d’autres qui sont purement martiales,
encore qui contiennent du fer et du cuivre, et qui ont striée, ou plutdt d’une
configuration schisteuse, comme le sckore avec lequel elles sont mélées.”

, JARs, Voyages Métallurgiques, 111, pp. 34,—17.
¢ Le terrain de transition des environs de Christiania se compose généralement
de schiste argileux, quelquefois alunifdre, de calcaire et de grauwacke. Des
massifs de granite et de syénite s’elévent au milieu de ce terrain. #» & &
Loin du granite et de la syénite, les couches de transition ne renferment gudre
d’autre minéral métallique que la pyrite de fer; mais en général, des qu'elles
s’approchent du granite, elles acquidrent des charactdres particuliers. & # &
C’est aussi précisément & la jonction du terrain de transition avec les roches
plutoniques, que se trouvent des nombreux amas métalliferes, # & & . Ces
amas, de forme tout 3 fait irrégulidre s’6tendent tantdt dans la roche plutonique,
tantdt, et plus fréquemment, dans le terrain de transition: dans ce dernier cas,

ils s’allongent ordinairement dans le sens des couches.”

DavuBrEs, Annales des Mines, 4me Série, 1v, pp. 232—3,

The mines of Rio Tinto, about twelve leagues west of Seville, are wrought in
a formation of clay-slate traversed by dykes of porphyry, and it is near the con-
tact of the schist and porphyry that the deposits of ore generally occur. The
strike of the slates is from east to west, and the dip (except where disturbed by

GGAG
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Its width varies from about six * to more than
seventy T feet.

cruptive rocks) north, the angle varying but little from the vertical. The masses
of mineral are usually lenticular, and have the same strike as the rocks they
traverse. They are sometimes entirely imbedded in the porphyry, at others
entirely in the slate; but most frequently the porphyry forms the northern wall,
and the slates the southern one of the deposit.
THOMAS, Notes on the Mines of Rio Tinfo (abridged), pp. 3—4 ;
Mining and Smelting Magasine, 1. p. 113,

¢ The Rammelsberg mountain, situate near Goslar, is composed of the three
lowest members of the Devonian formation of the Hars—the Wissenbach slate,
the Calecsola slate, and the Spirifera sandstone. Here, however, their order is
reversed. the Wissenbach slate being the lowest and the Spirifera sandstone
the uppermost member of the series. The celebrated deposit of pyrites is situ-
ated in the Wissenbach slate, which forms the base of the mountain, and which
here consists of true clay slate, very generally used for roofing purposes. Above
Goslar the well-defined cleavage is, as a rule, crossed at an acute angle by a not
very perfectly-defined stratification. Whilst on the west slope of the Keppel
Valley this divergence between the oleavage and the stratification seems to be
the rule, nothing of the kind has been observed at Rammelsberg. There, on the
contrary, not only does the large pyrites deposit generally coincide with the
cleavage, but & sone of Orthoceratites and Gonialites found under the pyrites
is also parallel to the cleavage. It is therefore probable that in the Rammels-
berg, as far as it consists of Wissenbach slate, the cleavage and stratification
coincide. ® & # The body of ore strikes between hours 4 and § (E. 15°—380°
N.) and its dip varies, but is mostly at an angle of 45° 8.8.E. Its length on the
line of its direction also varies, and decreases in depth, The width of the un-
divided maas is reckoned from 35 to 40 fathoms; but at a depth of 62 fathoms,
it separates into two dranches, one of which wedges out at a depth of 82 fathoms
in the Aanging-wall, whilst the principal branch, on the foot-wall, goes to a greater
depth.”—Vox CoTra, Berg-und Hiitten, Zeit, No. 45, 1864, Mining and Smelting

Magagzine, vi1. (1865), pp. 161—4,

Henwood, Cornwall Geol. Trans., V1.p. 144 ; London, Edinburgh, and Dublin

Phil. Mag., 3rd Series, xxv. p. 344; Ante, pp. 187, 207.

* Table XVIII.

t ¢ There occurred [in Connary], some years ago, & ‘ bunch’ of ore 72 feet in
width.” —8uyTE, Records of the School of Mines, 1. p. 883,

¢ Unquestionably the most remarkable lode [in Ballymurtagh] now, is the
¢ Great North Lode.” On the surface of the hill # % » appears a large bed of
gossan, composed of brown hematite iron, which reaches the enormous width
of 100 feet. This gossan, which is an excellent iron ore 562 per cent. produoce,
worth 15s. or 16, per ton, has been worked as a quarry. » » #

“ At the eighteen-fathom level the ‘ Pond lode’ is found to be seventy feet
wide.” ManoxN, The Mines of Wicklow, pp. 51—2.
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Earthy brown iron-ore, sparingly interfoliated with
slate, is its chief ingredient to a depth—of seven
fathoms at Connorree* on the N.E. ;—of a few feet in
one bed but of sixteen fathoms in another at Bally-
murtagh{ on the 8.W.;—and still deeper at Crone-
bane{ midway between Connorree and Ballymurtagh.

In, and immediately beneath, the (gossan) earthy
brown iron-ore, towards the N.E., small quantities of
galena are, now and then, associated with minute
proportions of silver, and sometimes mixed with either
blende, the sulphuret of antimony, earthy black copper-
ore, vitreous copper, copper-pyrites, or iron-pyrites,§

® Table XV1II.

1+ * The Sulphur-course afforded large quantities of yellow copper-ore close to
the surface in Ballymurtagh and Ballygahan ; but the dack of our Great North
Sulphur-course, for about sixteen fathoms in depth, is composed of the peroxide
of iron.”—Jorx Hopar, Esq., M8S.

$ *“ In some parts of its course this bed did not produce copper ore till nearly
at the depth of forty fathoms from the surface, the upper part consisting princi-
pally of a brown indurated oxide of iron,”—W=zAVER, Geol. Trans., V. p. 216,

§ * In sinking the shafts at Crone-Bawn the first mineral meot with is an iron-
stone. Beneath this they arrive at a lead ore, which seems mix’d with the clay,
yet yields a large quantity of lead and some silver. Under this lies a rich rocky
silver-ore, which sparkles brightly, and yields seventy five ounces of pure silver
out of a ton of ore, beside a great quantity of fine lead. Having pierced some
fathoms thro’ this, they arrive at the copper ore, which is very rich.”

Hanry, Phil. Trans., xLvI1, (1761—2), p. 601.
¢ Connery contains a bed of ore about four feet thick, consisting of a fine
grained intermixture of galena, grey ore of antimony, and blende, with pyrites
of copper, iron, and arsenic. # # & A similar compound occurs in the & » #»
upper [part of ] Cronebane.” —WaAVER, Geol. Trans., V. p. 216.

A newly discovered lode, or bed of sulphur ore, in the Ballymurtagh district,
ocontained a masiive mineral, of leaden colour with a tinge of brown. Its specific
gravity was 4°4956; but it exhibited numerous intermixed particles of yellow
iron pyrites.

On its analysis the following results were obtained :—

Bisulphuret of Iron, cccecoee Fe S2) eoeecces 2492
Bulphuret of Iron, .cseeeee FoS, scveeee. 938

Sulphuret of Lead, ..ccceeo P5 S, .iceeeee 1918
Bulphuret of Zine, ceescoce ZBS, eocseoes 46°62

100°
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and, as in other places under similar conditions,®
occasionally with more than one of them. At greater
depths, the brown ore is, in some measure, replaced by
argillaceous matter, and yet deeper the ores of lead,
zinc, and antimony gradually disappear.{ Still down-

Negleoting the iron pyrites, which is obviously a mechanical intermixture, the
residual constituents are very acourately expressed by the formule
FeS 4+ PbS 4 62Zn 8.
Aryonx, Journal of the Geol. Soc. of Dublin, V. p. 134 (Abetract).
¢« At Berggieshiibel in S8axony, deposits of this order, containing magnetic iron,
copper ores, zinc blende, galens, with garnet, quarts, &c., follow very regularly
the strike and dip of the environing clay-slates, the latter varying from 15° te
90° to the north-east. Near the surface were found in place of the above, red
and brown ores of iron, with barytes.”
SMyYTR, Records of the School of Mines, 1. p. 392.
Analyses of ores from Connorres and [of blue-stone from] the Pary's mine,—
Connorres. Pary's.
Lead cecececececene 18 cececectcncece 16°
BilVer euceeeecsesase = seeesesssscese Btrace,
Zinc ®esecegecscsee 17° cievecceceonas 343

Copper Teessesscene 6'1 co.ieccecccsce 15
) S § ]

372 . XY TR TRY) 29°3
3 . —

- 7
27 ceenvsncnesns -—

100° 100°

MBSS, of the late PERCIVAL NORTON JOoMNBON, Esq., F.R.8,, F.G.8,

® «“Dans la contrée de Christiania & # & on y a trouvé les substances
minérales suivantes: fer oxydulé, fer pyriteux, galdne argentifére, blende, pyrite
de cuivre, cobalt gris, fer arsenical, bismuth sulfuré, molybddne sulfuré, cobalt
oxydé, &c.””—DAUBRER, Annales des Mines, 4me Série, 1v, p, 283.

“ The ore [of Rio Tinto] is essentially iron pyrites, but is accompanied by a
small per-centage of copper pyrites and some silex, say one or two per cent. ;
galena and blende are also found in small quantities.”

TromAS, Notes on the Mines of Rio Tinto, p. 4.
¢ At Rammelsberg the mass of the deposit consists of sulphur pyrites, with
but a small admixture of copper pyrites. In some localities, however, copper
pyrites, galena, and blende are frequent; sometimes even predominating.”
Vox Corra, Berg-und Hiitten, Zeit, No. 45, 1864. Mining and Smelting
Magazine, v11. (1866), p. 167,

t Ante, p. 546, Note §.
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ward the earthy black copper-ore is mostly determined
towards the (foot-wall) N.W., whilst the iron-pyrites
generally approaches the (kanging-wall) S.E. side.*
At the deepest point hitherto attained in this direction,
however, iron-pyrites and slaty clay prevail for the
entire width ; but, notwithstanding small masses and
short narrow veins of copper-pyrites occur at intervals,
—all trace of separate bedding has disappeared.*
Towards the S.W. earthy brown iron-ore forms a
crust, of inconsiderable thickness, on the surface of the
Sulphur-course ;¥ but at a distance of one hundred

® Tabdle XVIII,

On the Sulphur-course the peroxide of iron disappears within a few feet of
the surface; but on the Great North Sulphur-course—a parallel bed, about one
hundred and twenty-five fathoms distant, towards the N, W,—it has been largely
worked to a depth of sixteen fathoms. The oxide iron overlies yellow copper-
ore mixed with iron pyrites in the former, and iron pyrites sprinkled and veined
with yellow copper ore in the latter; but earthy black copper ore has been of
rare ocourrence in Ballymurtagh and Ballygahan.

Joan Hopas, Bsa., M8S. (Abridged.)

“ The back of the north lode is characterised by a bed of brown hmmatite,
of which an average specimen gave—
Peroxide of iron ...ccceceveecees 74:37
Clay and 8ilicA eecccovccccccess 11°
WALer ecoccccoscccssavacecevees 1413
Volatile matter and 1088 .ceeeeee  0:51

Op——

100°
HAvoRETON, Journal of the Geol, Soc. of Dublin, v. p. 281,

+ At Ballymurtagh * the surface has been marked by huge projecting masses
of ‘gossan’ or hydrous peroxide of iron. & % # The great metalliferous
deposit & & # consists, at a small depth from the surface, of 12 feet in width
of granular iron pyrites, of a pale colour, altogether free from gangue or vein-
stone. & & &

¢ About 120 fathoms to the north of the principal vein, large masses of
¢ gossan * composed chiefly of fragments of slatey rock cemented by brown ox-
ide of iron, had long ago induced the commencement of mining operations. It
is, however, only within the last three years, that more efficient trials have been
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and twenty-five fathoms on the N.W. the Great North
Sulphur-course—a parallel band of great width yet
unrecognized in other parts of the district—is rich in
the same mineral, to a depth of sixteen fathoms.*
Earthy black ore—of which gossan is an ordinary
matrix, as well in many another copper region 1 as in
the N.E. of this—is an uncommon ingredient in the
8.W.; whilst of vitreous copper, galena, grey antimony,
and blende, which had been sometimes obtained in
Connorree and East Cronebane, no trace has been yet
discovered at either Ballymurtagh or Ballygakan.
The portions which immediately succeed the brown
iron-ore, in both metalliferous beds, consist mostly of
copper-pyrites and iron-pyrites; but-—although the
former is, perhaps, rather more plentiful in the
Sulphur-course than in the North-course,f—no con-
siderable part of either is of uniform composition.
Notwithstanding the G'reat North-course and vari-

crowned with the suocess of discovering a parallel course of iron pyrites of re~
markable sise and solidity, # # @ the breadth of the new lode averaging 24
feet.” 8uyYTH, Records ofsthe School of Mines, 1. p. 872—3.

* The surface of the ¢ Sulphur course’ is marked with great masses of ‘gossan.’
Near the surface the sulphur is twelve feet wide, and this width inoreases with
the depth, in the limit of about eighty fathoms from the surface,

¢ About 120 fathoms north of the ¢ Sulphur course’ a bed of ‘gossan ’ of 100
feet in width is succeeded, at between 20 and 30 fathoms in depth, by the ordi-
nary sulphur ore.” MAaRON, The Mines of Wicklow, p. 60.

« ® Ante, p. 547, Note t.

t Pryce, Mineralogia Cornubiensis, p. 88. Henwood, Cornwall Geol. Trans.,
v.p. 205. Whitney, Metallic Wealth of the United States, p. 322, Ansted,
Quarterly Journal of the Geological Society, X11, p. 149; x111. pp. 241,—8,—9.

1 ¢ This formation yields annually about 30,000 tons of iron-pyrites containing
about— 0-340 its weight of sulphur, and

04005 ”» copper.”
Jonx Hopae, Esq. (1867), MSS,
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ous distant portions of the Sulphur-course crop out at
different elevations;* iron and copper pyrites, both
at Connorree on the N.E. and at Ballymurtagh on the
S.W., become predominant ores on nearly the same
horizon.}

But, beside the ores of iron, copper, lead, zine, and
antimony, traces of virgin silver and of native copper
have been observed occasionally; and microscopic
particles of gold are thinly sprinkled through many —
if not through all—parts of both the Sulphur courses.

At Connorree small proportions of gold have been
obtained as well from silvery lead-ore near the surface,
as from the pyrites at greater depths.}

In East Cronebane shallow parts of the Sulphur-
course have afforded threads of auriferous silver.§

At Ballymurtagh gold is associated with the earthy
brown iron-ore which abounds in the upper portions
of both the Sulphur-courses; but the only reliable

® The SulpAur-oourse crops out at Connorree ... about 790 feet above the sea
The Great "North »” Ballymurtagh ,, 430 ”»

Ww“. . ” ” » 600 ” .
SxyTH, Plans and Sections of the Ovooa Mines,

1 At Connorres the M,;.fn;.“k?:l:n thf‘??‘hf:} is about 450 feet above the sea;
» Ballymurtagh the outcrop of the Sulphur 430 .
OOUYS8 co 0o coooomcscnne ” ” »

” » the 16-fm. level on the Great 430
North Sulphur-course .. ” ”» .
Ibid.
3 Jowrnal des Mines, No. xv1. (1795) p. 82. Smyth, Records of the School of
Mines, 1. p. 389, Mahon, The Mines of Wicklow, p, 63, Postea. ,

§ ¢ Towards the middle of the last century, a brown indurated oxide of iron,
which formed the upper part of a metalliferous bed in the higher grounds of
Cronebane, was found to contain minutely disseminated native silver, sometimes
in extremely slight filaments, but generally in particles quite imperceptible to
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analysis shows that it averages less than (0-000010 the
weight) one-third of an ounce to the ton of vein-stone.
The more deeply-seated pyritous parts of both forma-
tions are also auriferous, but in a still smaller degree.*®

Earthy matter is much more abundant near the
sides T than in the middle of the Sulphur-course. At

the eye. The silver was extracted by fusion with lead, and subsequent cupel-
Iation, It contained about thirty grains of gold in the ounce equivalent to
(0°0625 its weight) 61 per oent. and hence, the auriferous silver commonly
sold for half a guinea an ounce. Articles made from both the metals so ex-
tracted are in the possession of a family in the county.”
Wzaver, Geol. Trans., v. p. 213.

Smyth, Records of the School of Mines, 1. pp. 380,—9, Mahon, The Mines
of Wicklow, pp. 67, 63.

® Jn 1854 a considerable quantity of gossan—[carefully selected from shallow
parts of the Great North Sulphur-course in Ballymurtagh] —was submitted to
operation in two machines then newly invented for washing gold, The results
reported to have been obtained were— ot

ors.
fn the first MAChING veseverese.. Attheratoof 17 18 (Wluwmc)a.oupcm

s 8000Dd 4, eeccesceccanee » 718 (0000011 , ) 4 . ;

» ” » another experiment, ,, more than an 0UDCE eeevecce 5 »

The Directors of the [Wicklow Copper Mines] Company having little oonﬁ-
dence in such conflicting results from the very same ore, placed other samples
of it in the hands of Professor Apjohn, M.D,, F.R.8., M.R.I.A., of Trinity
College, Dublin, whose analysis showed much smaller proportions of gold than

* the lowest of those reported by the mechanists.

Other experiments were afterwards made at the mine under advice from the
late Mr. Evan Hopkins, F.Q.8,, but the results obtained were even smaller than
those of Professor Apjohn. & & &

Gold is sprinkled through the iron-pyrites in both the Sulphur-courses; but
the proportion is even smaller than in the gossan, * % #

JorN Hopeg, Esa., MSS. (Abridged.)

+ ¢ The pyrites does not appear to oeour in a regular lode or vein with definite
walls, but to be diffused through the slate which forms the country in beds, which
are stratified conformably with the slate itself; it does not occur pure, but inti-
mately mixed with the slate.”

HAuGETON, Journal of the Geol, Soc. of Dublin, V. p. 280,

“ The great metalliferous formation # & & [is] not bounded by distinet
walls, but ceases by gradual interlamination with the clay-slate. & # &

% A large proportion of pyrites is left unworked, in consequence of its being
too much mingled with other substances to be available by the processes at
present employed.”—8MuYTH, Records of the School of Mines, 1. pp. 372,~91.
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intervals, however, slices (‘horses*) of clay-slate, oc-
casionally many fathoms in length and height, but
often merely a few inches,{ though sometimes several
feet, in thickness,—as at Bunna in Kumaon,} Morro
Velko§ in Brazil, and at the Buckingham,|| as well as
at the Garnett and Moseley,Y mines in Virginia—
interlie the ore,** but such subordinate layers often en-
close crystalline granules of the neighbouring minerals.

Several well-marked lines of structure divide the
metalliferous deposit into slightly undulating beds
(combstt), somewhat differing—but rarely exceeding
a foot—in thickness. In each of these—as in the
formation generally —the argillaceous ingredients are
less plentiful near the middle than towards the sides.
To certain depths much of the ore—like the rock
which alternates with it—is so fissile that—even in
course of extraction—it cleaves into plates no thicker

® Henwood, Cornwall Geol, Trans., v. pp. 211,—29,

t ¢ At Ballymurtagh & #* # extensive workings carried on by the ‘old men "’
on the copper lode were divided # # & by lamine® of slates & & # only a few
inches thick from excavations in progress on the ¢ sulphur-course,” where the
latter was very wide.” —SMYTH, Records of the School of Mines, L p. 875, Fig.
12,—MaHON, TAe Mines of Wickiow, p. 92. Table XVIII,

§ Ante, p. 20.

§ Idid, p. 191.

§i Ioid, p. 878,

q Ibid, p. 881,

¢ Table XVIII,

1t Pryce, Mineralogia Cornubiensis, p. 95, Werner, New Thoory of the
Jormation of Veins, p. 83. Weaver, Geol. Tyans,, v. p. 216. Fox, Report of
the Royal Cornwall Polytechnic Society, 1v. p. 89. De la Beche, Report of the
Geology of Cornwall, &c., p. 339, Henwood, Cornwall Geol. Trans., v. p. 179,
201; Ante, pp. 85, 438,—68., Daubrée, Annales des Mines, 4me 8érie, 1v. p.
238, Smyth, Records of the School of Mines, 1. p. 383. Mahon, The Mines of
Wicklow, p. 61.

HHHH
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than roofing-slates,* and exfoliates on the slighest
exposure; but still deeper this character gradually
disappears.f The confronting sides of many longi-
tudinal partings — although often uneven — present
scored, but glossy, faces of (flucam) unctuous clay.
Of the strie short portions may be, here and there,
straight and parallel; but for the most part they are
crooked and divergent. On opposite sides of the
same beds, indeed, they dip, not only at divers angles,

® ¢ The sulphur-ore of Ovoca is easily split into slices as large and thin as
the best Cornish roofing-slates; their planes of cleavage cofnciding, in both dip
and direction, with those of the adjoining (Country) slate-rocks.”—HENWoOOD,
Proceedings of the Royal Geological Society of Cormwall, 9th Oct., 1840; West
Briton, 16th Oct., 1840 ; Mining Jowrnal, 24th Oct., 1840,
¢ Tt may even be remarked of the masses or ¢cobs’ of ore brought to the
surface, that when struck with a hammer they have no tendency to break with
the usual fracture & & & but split in the direction of the lamination.””
SuyYTH, Records of the School of Mines, 1.p. 872,

¢ In the Ovoca district the % & & ore does not break with the fractare of
ordinary copper or iron-pyrites, but splits up like any other tough schist; it has
quite a differentappearance when looked at along the plane of the bedding, or
across that plane, and the richest qualities pass gradually, and by imperceptible
changes, first, into a pyrites containing more schisty matter; second, into what
is called by the miners a sulphury Zillas, containing perhaps 50 per cent. of
pyrites; and lastly, into schist, impregnated with less and less sulphur, until
finally that mineral disappears.”—Mamnox, The Mines of Wicklow, p. 73.

¢ At Rammelsberg the deposit of sulphur pyrites # % % seems in reality to
consist of several more or less lenticular agglomerations separated one from
another by thin strata of slate. & & & The general parallelism of the masses
of ore with the cleavage and stratification [of the rock] is in favour of their
contemporaneous origin, as well as their inner texture, for in the compactness of
the pyrites there is very generally to be observed a distinct layer-like arrange-
ment, running parallel with the cleavage and stratification, ® & %
‘ The pyrites deposit of the Rammelsberg is by no means a solitary instance.
There, are, on the contrary similar deposits at Agordo, 8chmollnits, and Fahlun.”
YoN Corra ( Berg-und Hiitten, Zeit. No. 45, 1864), Mining and Smelting
Magazine, vi1. pp. 166—6.

t Weaver, Geol. Trans, v. p. 214, Ante, p. 641,
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but sometimes towards different points of the compass.*

Notwithstanding small local flexures,—the Sulphur-
course,—the layers of slate which interlie it,— the
subordinate beds into which it is divided,— and the
slices of schistose ore,—all-—conforming to the cleavage
of the adjoining ((Country) rocks—incline towards the
S.E.

Layers of pyrites, often less than an inch but some-
times a foot in thickness, accompany the Sulphur-course
within short distances, for great part of its range if not
throughout the district; ¥ but whether any of them
represent, in Tigrony, Cronebane, and Connorree—
N.E. of the cross-course,—the North Sulphur-course

* Henwood, Cornwall Geol. Trans., v. pp. 172,—82, Tables XVIII. XCV. ;
ViIL, p. 180, Table I.; Ante, pp. 259,—64, 438,—69,

+ % Beds of iron-pyrites # # # have appeared in the firm clay slate and
quartsy clay slate, in the deep levels of Cronsbane and Tigrony. And thin layers
and slight threads of copper pyrites and iron pyrites are very frequent.”

‘WEAVER, Geol. Trans., p. 216.
¢« At present five lodes or beds are worked on the Ballymurtagh mine, parallel
to each other, and conformable to the bedding of the hornblende and quarts
rock of the district.”
HavarTox, Journal of the Geologioal Society of Dublin, v. p. 280.

4 On the north of the great metalliferous deposit [in Ballymurtagh] to the
distance of 100 fathoms, and on the south for 20 fathoms, parallel veins of cu-
priferous pyrites have been met with, sometimes very numerously; but only in
the case of those which lie within a distance of 50 feet to the south, profitable
in extraction. # & % [Between the great metalliferous deposit and] * # &
a parallel course of iron pyrites of remarkable size and solidity & & & about
120 fathoms to the north & & # two intermediate lodes have been discovered,
one of which offers a good width of iron pyrites with 1} per cent, of copper, and
occasional ribs of higher produce.”

8uyTH, Records of the School of Mines, 1. p. 372—4. (Abstract.)

“In Ballygahan & & & the coppery rib of the pyrites deposit « & » is
succeeded at 9 fathoms farther south by the ¢ mafn lode,’ (which above the adit
level has also a ‘ north branch’), at 2 fathoms again by ¢ Barry’s lode,’ and at 2
fathoms further by ¢ Tuke's lode.’ "—1b:d, p. 376.

‘‘On the eastern side of the Ovoca, at the mines of Tigroney and Lower
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which has been, hitherto, wrought only at Ballymur-
tagh—on the S.W.—is yet unknown.*

A few, comparatively narrow, ranges of vein-stone—
resembling beds in some, but lodes in other, respects,
yet possessing certain characters common to both—
maintain the same direction as the laminee of (Country)
slate, but differ from them, and sometimes indeed from
one another, in dip; 1 whilst certain—hardly parallel
veins, of similar composition, are oblique to them as
well in bearing { as in uanderlie. Those which comply

Cronebane, the beds of decomposing and variously coloured slates, together with
the ¢ sulphur course’ and the ‘copper lodes’ on the south, are evidently the
oontinuation of the deposits of Ballygahan,”
SxyTH, Records of the School of Mines, 1. p. 378.

¢ At Connary s & & several irregular copper lodes ocour on the south, all
confined to the silicio-felspathio rock.”—Ibid, p. 884.

Journal des Mines, No, xv1. (1795) p. 81. Mahon, TAe Mines of Wickiow,
PP. 49, 65,—8, 62,

¢ ¢ It is by no means uncommon for lodes to split directly at the point of their
intersection by a cross-course or fiucan, on one side of which the lods appears in
two dranches, whilst, on the opposite, but one dranch occurs.”
Hzaxwoop, Cornwall Geol, Trans., V. p. 176,

¢ “In Cronebane several contemporaneous veins of quartz & & & mostly
range and dip with the clay slate, ramifying in their extremities through the rock ;
or sometimes coalescing again, they form a considerable body, * # &, There
are several small ones of this description in Upper Cronebane, and in the lower
mine there are six in the vicinity of the Copse and Boundary shafts, and two in
that of the Farmer’s shaft,”—~W=aAVER, Geol. Tranas,, V. p. 216.

Table XVIII.

1 * The most remarkable of the secondary veins is, first, the ¢ Magpie’ running
N.W. & 8.E., 4 to 8 feet wide, and producing copper pyrites and also native
copper in quartz; secondly the ¢yellow ore vein,’ coursing from E.B.E. to
‘W.N.W., varying from 18 to 20 inches in width, and affording copper pyrites in
a gangue of quarts and killas; the third is the *copse north vein,’ which runs
N.& 8., is 8 to 24 inches wide, and contains the same minerals as the last;
fourth, the ¢ copse south vein,’ with a width of 18 to 36 inches, and similar ores.
The two last are supposed to form a junction with the principal lode on the
§.W., where it was found accompanied by a parallel vein which appeared to be
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with the first conditions can, of course, meet on their
lines of inclination ‘only ; * whilst such as scarcely
coincide in either their direction or their dip,~—bearing
"generally a few degrees N. of E.—S. of W. and in-
clining at somewhat different angles towards the 8.,—
not only interfere with each other in both their strike
and underlie,{ but—slightly converging in their range
W.}—approach, and at length become incorporated
with, the Sulpkur-course§
The subordinate beds and side-lvdes—marked with
a family likeness to the Sulphur-course — enclose
conformable layers of slate, beside small quantities
of —occasionally granular—quartz, spotted sometimes
with chlorite,| and—less frequently—with calcareous

on the line of their prolongation.”
Jowrnal des Mines, No. xv1, (1795), p. 81 (Translation). Sxuyry, Records
of the School of Mines, 1. p. 389, Mahon, The Minet of Wickiow, p, 72.
* Haughton Jowrnal of the Geologioal Socisty of Dublin, v, p. 281. Smyth,
Rocorde of the School of Mines, 1.p. 872. Postea, p. 557,
1 Smyth, Records of the School of Mines, 1. p. 373, Postea, p. 556,

$ ¢ Lodes more frequently split as they go eastward than westward.”
Hexwoop, Cornwall Geok Trans., V. p. 176,

§ Smyth, Records of the Sohool of Mines, 1. p. 379—80. Postea, p. 556,

1 “ Contemporaneous veins of quarts, acoompanied sometimes by chlorite, oc-
our [in various parts of Cronebane].””—WBAVRR, Geol. Trans., V. p. 316.

At Ballymurtagh  quarts spar & & % composed of sugary quarts, presenting
the vughy appearance which is considered by working miners so valuable an
indication # & # is of common occurrence.”

HavonToN, Jownal of the Geol. Soc. of Dublin, v, pp. 280—32.

“ The copper lode [in Ballymurtagh], although varying much in thickness has
none of the characteristic appearances of a vein; its ore is the & & & ordinary
copper pyrites, and is of very low per-centage owing to the admixture of iron
and of portions of quarts and talcose or sometimes chloritic slate, never occur-
ring in a fragmentary state, but interlaminated sometimes so delicately as to
appear in fine films, and contorted like the adjacent rock.”

Buxrtr, Records of the School of Mines, 1. p. 372.

IIII
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matter.* Throughout their range they contain con-
siderable quantities of iron-pyrites; which, to certain
depths, are mixed with earthy black copper-ore,
and with vitreous copper towards the north-east; {
but often give place to yellow copper-ore in the
central and south-west parts of the district. Native
copper} occurs in most of them; but in minute
proportions, and very rarely. Where such layers
and veins unite with one another or merge in the
Sulphur-course, whether on their lines of bearing §

¢“ To the south of the Sulphur.course {in Cronebane, and] answering, it is
supposed to the South or copper-lode in Ballymurtagh and Ballygahan, are
several quarts veins rich in copper-pyrites, accompanied sometimes with beauti-
ful specimens of the carbonates, and not unfrequently by chlorite.”

MAHON, TAe Mines of Wickiow, p. 68.
¢ « T have found also in the lower levels of the copper lode [at Ballymurtagh],
carbonate of lime, containing a considerable quantity of magnesia. This occurs
in a green greasy slate.”
HAUGHTON, Journal of the Goeol, Soc. of Dublin, V. p. 580.

+ Ante, p. 647; Table XVIII.

1 In the north sulphur-lode at Ballymurtagh ¢ a quantity of native copper,
28 lbs, in weight was recently found [1853).”

HavanToX, Journal of the Geol. Soc. of Dublin, v.p. 281.

At Connary * the frequent lining of joints and cracks by a film of crystalline
native copper proves that anogenic chemical action, or that which proceeds down-
wards from the surface, has been rife even to a great depth.”—8uyrH, Records
of the School of Mines, 1. p. 384.

Table XVIII,

§ ¢ In Cronebane several contemporaneous veins of quarts bearing rich copper-
pyrites, accompanied sometimes even by earthy asure copper ore, # & ¥ and
whose average produce is ten to twelve per cent. of copper, also occur, and more
particularly in the quartsose slate, & # & The union of several such form a
considerable body, even twelve feet wide of vein, and four or five feet wide of
solid ore; but they seldom continue productive for more than thirty fathoms in
length.—WEAvVSER, Geol, Trans,, V. p. 216,

In Cronebane ¢ the first ¢ copper lode ’ is sometimes interrupted by a cross-
deposit of limited length which appears to stop it for a time on its line of strike.
% & % The ore in general only produces from 4 to 8 and rarely 10 per cent.
# % * [but] such ¢ T's,’ as they are called by the miner, & & # yield for a
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or dip,* they commonly yield copper-pyrites on both
sides of the contact. Such bodies of ore—often several
feet in thickness and sometimes many fathoms in length
and height—mostly yield a larger per-centage of metal
than the smaller bunckes which are imbedded in, and
more or less mixed with, sulphur-ore.

The Sulphur-course suffers several interruptions.

S.W. of East Cronebase the indications, whether of
sulphur or of copper ore, are so slight and unpromising,
that a line of shallow (Costean-) pits, and a single
drift (the Cronebane level), have been thought sufficient
examination.t The former extends about three hun-
dred, the latter—with its flexures and ramifications—
more than five hundred fathoms; but neither has been
wrought for half a century. After an interval of one

length of 8 or 10 fathoms, and heighth of 20 or 30, & #* & copper ore of some-
what higher per-centage.
8MYTH, Records of the School of Mines, 1. pp. 879—80. (Abridged.)
At Ballymurtagh * a cross-fissure, the sides of which were encrusted with
crystallized copper pyrites and quarts, was found between the 33 and 66-fathom
levels; with a course nearly at right-angles to that of the main lode, it came up
to, but did not pass its north wall. ® & » Its width was irregular; yet was
sufficient to enable it to be worked ¢ on tribute ' for some 20 fathoms in length.”
Rid, p. 373.
® ¢ In Ballymurtagh ¢ the pyrites lode joins the copper lode at about the 56
fathom level, below which there is only one lode, which is worked to a depth of
160 fathoms, the lower part being particularly rich in copper.”
HAuGHTON, Journal of the Geol. Soc. of Dublin, v. p. 281.
¢ The iron pyrites has not been found in available quantity at a greater depth
than 100 fathoms ; it appears to grow thinner at about 80 fathoms from the sur-
face, and then to unite with the copper ¢lodes,’ as they are termed, on the south,
forming together at the 56-fathom level a ¢ bunch ’ of copper ore, 24 feet in
width. This vein was in one spot by the addition of numerous bands of greater
or less thickness, and on both sides, increased to nearly 60 feet.
8MYTH, Records of the School of Mines, 1. p. 372.
+ Weaver, Geol. Trans, V. Pl. 12, Plan and Sections of the Copper Mines in
Cronebane and Tigrony. Smyth, Plan and Sections of the Ovoca Mines.
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hundred and thirty fathoms the surface-works re-
appear; ® and some thirty fathoms N.W.—on the
(R.G.A.) right—of the Cronebane level,{ underground-
operations have extended, with great, though varying,
success, through Cronebane and Tigrony, to the vale.
Between the N.E. boundary of Zigrony and the
river the Sulphur-course is intersected by three cross-
(flucans) veins of slaty clay; of which -
the first bears § about 1o°w.£.r°1:.&—;}asp- R M‘;&mmuwmo 6 in width:

—55°;
» second $ » S84° W.of N.— ; dips E. — ; » 3 »
E.of8.;) N.E, 85°; soot
” thlrdﬂ ”» N.—s.; eessse d‘" 3.7805"; » 12 ”
—i075

The Sulphur-course is heaved ;—

by the first,. .. 13fms. (R.—8.A.) towards the right-hand and to the side of the
smaller angle;

» oecond.. 2, (L—G.A.) ” left-hand and to the side of the

and it abuts on the E. side of the (great) third flucan;
but whether it is represented on the W. by a broad,

e—

¢« Towards the N.R., beyond the ‘ Mosey’ shafts, the strike of the beds
appears to have suffered some disturbance; and their continuity is somewhat
uncertain, since through a space of 800 feet in length, no workings have been

carried on, with the exception of some shallow shafts, long since filled up.”
SMYTH, Records of the Schoolof Mines, 1. p- 380:

+ ¢ In West Cronebane the SulpAur-course continued very productive as far
towards the north-east as the Government Plan shows a continuance of shallow
pits. At that spot, however, it abuts on a joint (Head) simflar to many found
in this distriet. Within a range of about five hundred fathoms many trials to
recover it have been made in the same direction, but all have been unsu
until East Cronebane is reached; and even here the formation has not been
nearly so productive as it was in West Cronebane.”—Joux Honos, Eeq., MSS.

$ George Oates, Esq., Buperintendent of Tigrony, Working-plan of the Mine,

§ Haughton, Journal of the Geological Society of Dublin, v. p. 279. Smyth,
Records of the School of Mines, 1. pp., 878,—94. Mahon, The Mines of Wickiow,
P. 760
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though comparatively unproductive, bed about seventy-
two fathoms (L.—G.A.) towards the left-hand and the
greater angle,*{-by some other band hitherto unrecog-
nised on the 8.,—or by the Sulphur-course wrought
—some 2871-—324* fathoms, or even more,§ distant—
at Ballygahan| in the same direction (L.—G.A.), is
yet undetermined. ’

In Ballygahan three neighbouring joints, alike faced
with clay, bear 12°—15° W, of N.—E. of 8., and—
slightly inclining, at intervals, to one side or other—
are, on the whole, nearly perpendicular. They all
heave the Sulphur-course; the first and second from
the N.E., about three fathoms each ;—the third, rather
more than four fathoms at one level but to greater
distances both above and below ;q[ for, owing to flex-
ures, of both the Sulphur-course and the joints, the

® Ante, p. 658, Notes $§.

+ “In Tigrony the great bed of sulphur-ore is rich to its contact with the
cross-course or flucan that runs through the valley. With a view to recovering
it, beyond this towards the 8.W., long and tedious examinations have been made
on both sides. All those on the right-Aand have failed to find even a trace of
ore; ata distance of about seventy fathoms to the l¢f?, however, a metalliferous
bed nearly ten fathoms wide has been discovered, but hitherto it has not realised
expectation.”—Joux Hopaz, Esq., MSS,

$ Bmyth, Plan and Section of the Ovoca Mines.

§ Smyth, Records of the School of Mines, 1. pp. 378,~94; Pl II. Mahon,
TAe Mines of Wicklow, p. 76.

|| Postea, p. 560.

9 ¢ About 15 fathoms east of the ¢ Blue shaft’ [in Ballygahan] the ¢ sulphur- .

lode’ is heaved a few feet to the north; and 30 fathoms farther, two more dis-
locations occur, the fragment of the lode being in each case about 2 fathoms
long, and separated from the other part about 3 fathoms. Towards the river, it
seems probable that the more considerable disruption takes place, which heaves
or throws the beds in a horizontal direction to the northward, to Tigroney mine.”
*e &,
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same keaves respectively are seldom of identical dis-
tances at different depths; all, however, are towards
the left-hand, and to the side of the greater angle
(L. G.A).

Between the joints and (flucans) cross-veins which
traverse the vale, the Sulphur-course is much less
productive® than in Cronebane and Tigrony towards
the N.E, and in Ballygakan and Ballymurtagh on
the S.W.

Although the produce of various mines has been
differently stated,t Official Returns} show that from
1840 to 1866

 Westward of the engine shaft, 112 feet, the pyrites course is met with by ¢
¢slide’ pointing a few degrees west of north, and is heaved to the south l.d"'
tance of 55 feet, whilst the ¢ copper lodes * appear to be unmoved by any
cation, and are thus much nearer to the great deposit in the western, than in
eastern part of the mine,”

SxvrE, Records of the School of Mines, 1. pp. 376—7:
¢ In Ballygahan the fiucan-Aead heaves the SulpAur-course—
at the 18 fathom level ...... 114 fathoms, to the left

H
30 coeses 136 ;
5 . £0 w

60 . cieees 88 ..
¢ From the surface to the 60 fathom level, the joints are, on, the whole, nearly
vertical,”— Henry RoBixson, Esq., of Ballygahan, MBS transcripts of the
‘Working-plans.

« In Ballygahan three Aeads or joints,—which bear about 15° W. of N.—B:
of 8. and dip sometimes W., though perhaps more frequently E,, but are od the
whole nearly perpendicular,—severally heave the Sulphur-course short distancef
towards the left-hand,”—Jorn Hopen, Esq., MSS,

® « Near the river the lodes are so entirely broken up by these Aagves 88 10
become quite valueless.”—MamoN, TAe Mines of Wicklow. p. 55.

¢ In Tigrony the metalliferous bed west of the fiucan affords only a few small
ribs of sulphur ore.”—Jorx Hopaz, Esq.. MSS.

+ Smyth, Records of the School of Mines, 1. pp. 374,—82,—91. Haughtot
Journal of the Geologioal Society of Dublin, Y. p. 284, Mahon, The Minss &
Wicklow, pp. 63,—4, 98,

1 Returns from the Custom House (of which those for 1840—b52 are quoted b
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105,432 tons (Avoirdupois) of copper-ore, and
1,960,119 ,, ” » iron-pyrites (sulphur-ore),—
beside very considerable quantities of hematite and
earthy brown iron-ore,—have been exported from the
district.

Mr. Smyth, Records of the School of Mines, 1. p. 391; and by Mr. Mahon, The
Mines of Wicklow, p. 98) show the shipments at Dublin, Wicklow, and Arklow
to have been—

Iron
Toun. oppe (silﬂg:l?;r Totals. Tours. Copper (gﬁ‘i:r Total.
Tons (A9.){Tons (4v.)Tons (40.) Tons (4v.)Tons (49.) (Tons (4v.)
1840..| 12,001 | 42,185 | 54,186 | 1864..| 1,063 | 81,215 | 82,278
1..| 6,307 | 81,257 | 86,654 5..| 185 | 88,673 | 38,867
2..| 11,741 | 42,480 | 64,221 6..| 416 | 65215 | 65,630
3..| 9,270 41,145 | 50,424 7..] 186 | 890,685 | 89,820
4..| 10,670 | 86,709 | 47,379 8..] 47 |104,095 | 104,142
5..| 10,391 | 40,969 | 51,360 9..| 27 |112,966 {112,993
6..| 8723 87,863 | 46,686 | 1860..] 89 |109,418 | 109,507
7..] 5,045 42,633 | 47,578 1..] 92 | 78,227 | 78,319
8..] 4,102 | 48,301 | 47,403 2. 71 | 75944 | 76,015
9..| 4,180 | 47,908 | 52,047 3..| 974 | 68,771 | 67,7145
1880.. 4,545 | 77,746 | 82,291 4..| 8,943 | 73,089 | 77,032
1..| 2,167 |107,660 | 109,727 5..| 4,225 | 98,080 |102,305
2..| 9,042 |102,887 {106,829 6..| 1,878 |114,168 | 116,026
3..| 1,151 |108,046 | 109,197

Totals s— .
Copper-oreé.ecceesocecs..oo 105,432 (Avoir.) tons;
Iron-pyrites (Sulphur-ore) .. 1,960,119 ,, » e

Totaleo oo 2,065,561 ”» »
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For nearly one hundred and twenty years ® the
mine-water of Ovoca has deposited large precipitates
of copper;{ but of the quantities obtained from 1840
to 1866, full particulars are inaccessible,

In 1856 the cost of extraction, carriage and ship-
ment averaged about eleven shillings per ton of
sulphur-ore.}

The wages of the miners
‘n 1762 €000 00000000 0000000000000 RRORONIOS m‘mm.“:‘

but between 1840 and 1862 they ranged
mm-mmnddxmooto “‘:;:;t“d}twdn ” »
toondnllhg' 8 cec.c00cmccvecece b

® Henry, PAdl. Trens., xLvIL. (1753) p. 500.
+ The quantity of copper-precipitate (poudre cuivreuss) exported was
in 1788 +50 tons,

D seveens 3700 o,
1700 oevevnse 6976 1 o
of metal.

which yielded on an average 0-328 its weight
Jowrnal des Mines, No. xv1. (1795) p. 86.

¢ During Mr. Weaver’s management [ ? 1787—1811] the mineral waters flow-
ing from Cronebane and Tigrony yielded 443-59 tons of precipitated copper (mixed
with the oxide of iron) which sold on an average for £37: 8 : 9 per ton, being
in aggregate value £12,126 : 18 : 13.”
WaAVER, Geol. Trans., v. p. 218. Suxre, Records of the School
of Mines, 1.p, 887. Mamox, TAe Mines of Wi , P. 78,

% The ocost to the differe m!nlngproarh f raising and Yoard
thznlpl:nrﬁonth:krup::ﬁnm, ,:%upo:l‘bhp,nn o:l:—

Connorves. mmw

Breaking in the mine, drawing to)| £ o, d.| £ s 4| £ s d.|£ s d

the surface,and separating from$i 0 4 0|0 6 0|0 8 6|0 & O
WAL ecceocsvecssvsvocsvene .

Carriage {towuuwln horse-carts..[ 0 4 010 4 0

» Arklow by railway c..... veesee ceseve 016|020

Dues, agencies, & wearof machinery)| 0 2 0/0 2 0{0 2 6[{0 2 6

mm‘:c. ooooo .ooooooouoooo? 0 1 6 0 1 0 o 1 6 o l ‘

PPton ceeeeef 011 6/012 6/{0 9 0jO011 O

Maxuox, The Mines of Wickiow, p. 96.

¢ There are five hundred men employed in Crone Bawn & & @ theirpayis
eight penee a day,”’—Hzx=Y, PAil. Trans., xLVIL, p, 501, i
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- Connorree—situate at the N.E. extremity, and in
the most elevated part, of the district, is wrought
in clay-slate of which the portion beneath the great
metalliferous horizon is generally homogeneous, thick
lamellar, and of dark-blue colour;* the lower beds
are interlaid by a band of felspar irregularly mixed
with hornblende; T whilst some of the upper members
alternate with thin fissile (? carbonaceous) layers' of
blackish hue.f The somewhat softer and more cloven
slates, which succeed the pyritous part of the series,
are of paler tint than those below it; and—especially
on approaching the siliceo-felspathic rocks which over-
lie them,§—they are frequently mottled with white.|.
The planes of cleavage have, in at least one part of
Connorree, a different direction from the average they
maintain throughout their range; q thus—
in the 8.W. of Connorres they bear about 20° E. of N.—W. of 8.;

» district generally » » NE-—-SW.

Their dip is invariably towards the E. or S.E.**

The several metalliferous beds preserve the same

® Ante, p. 541.

+ Weaver, Geol. Trans, v.p. 170. Smyth, Records of the School of Mines,
1. p. 870. Ante, p. 641,

t Weaver, Geol. Trans., v. p. 215. Smyth, Records of the School of Mines,
1. pp. 380,—3. Mahon, TAe Mines of Wickiow, p. 61. Ants, p. 542.

§ Weaver, Geol, Trans., v. p: 171." Smyth, Records of the School of Mines, 1.
PP. 870,—80,—1. Mahon, The Mines of Wickiow, pp, 36, 76. Ants, p. 542.

| Tadle XV1I1, column 6,

9 Weaver, Geol. Trans., V. p. 217, Pl. 12, Geological Survey of Ireland,
Plan and Section of the Ovooa Mines. Ants, p. 643.

** Smyth, Records of the School of Mines, 1. p. 383; Fig. 17, Mahon, The
Mines of Wicklow, p. 61, Ande, p. 542.

KKKK
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strike,” and—with but a single exceptiont—the same
inclinations,® as the cleavage-planes of the slates which
form their opposite (walls) sides.

The deposits most largely wrought are

Walls lode........ from 3 to 4 feet in width,

the South branch... , 3, 4 , »

the Sulphur-course.. ,, 4 , 411, w3
beside several of smaller size, eonsudered unworthy of
pursuit.

Walls lode, at a depth of ten fathoms, consists
of slaty-clay, granular quartz, earthy brown iron-ore,
and friable iron-pyrites, often slightly mixed with, and
at intervals enclosing, small masses of, pulverulent
black copper-ore. The chief ingredients—the quartz
and the pyrites especially—affect distinct beds; and
sometimes they encompass and isolate thin conforma-
ble (horses) layers of slate, identical with the slate
( Country) on either side, as well in their composition
as in the dip of their cleavage; but—although in-
clining no more than 50°,§—they never touch it.

The South-branch—presenting the same anomaly
as the Main lode at Bearhaven,| inasmuch as it is
more highly inclined than the cleavage-planes of the

® Smyth, Records of tAe Scheol of Mines, 1. p. 383,—4, Mahon, The Mines
of Wickiow, p. 60, Ants, pp, 643,—63, Table XVIII.

+ Smyth, Records of the Sehool of Mines, 1. p. 384, Ante, p. 564, Table
XVIIL., Postes, p. 565.

 Smyth, Records of the School of Mines, 1., 383. Ants, p. 544.

§ Table XVIII., columns 8, 6,

[l Postea, Table XX, columns 3, 6,
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slates in its opposite (walls) sides,* —is in great
measure composed of friable iron-pyrites unequally
mixed with argillaceous matter; and of granular
quartz, either flecked with native copper,t or thinly
sprinkled and elightly veined with vitreous copper and
with copper-pyrites ; earthy black copper frequently
invests the grey and yellow ores, but sometimes it is
aleo diffused through the earthy matrix. The princi-
pal constituents form, here and there, ill-defined bands
parallel to the underlie of the vein.

The Sulphur-course, to about seven fathoms from
the surface, affords earthy brown iron-ore in abundance,
slaty-clay more sparingly, iron-pyrites in smaller quan-
tities, and—towards the N.W. wall especially—earthy
black copper-ore in even more minute proportions.
At greater depths, however, the opposite sides of the
deposit assume different characters. Zhe N.W., or
lower, portion, contains much friable quartz, quartzose
slate, and slaty-clay, more or less mingled with granu-
lar iron-pyrites; and earthy black copper-ore—often
sprinkled through the pyritic part—is sometimes the
chief component.f In the shallower levels the pul-
verulent ore comprehends,—for a width of from four

® Table XVIII. columns 3, 6.

+ Jowrnal des Mines, No. xv1. (1795) p. 81. Smyth, Records of the School of
Mines, 1. pp. 384,—9.

¢ In 1833 we discovered at the depth of 25 fathoms a bunch of black copper
ore, which was worked for many fathoms to s width of more than 40 feet.”

MBS8. (14th February, 1840) of the late N1oHOLAS KEMPSTON, EsQ,,
sometime Superintendent of Connorres.

Smyth, Records of the School of Mines, 1. p. 383, Mahon, The Mines of

Wickiow, p. 60, Ante, p. 544.

Y
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to forty feet,—masses and veins of copper-glance; *
but downward—where narrower—it includes also like
aggregations of copper-pyrites.t The S.E., or upper,
part of the Sulphur-course in Kilmacow on the N.E,,
consists, at about ten fathoms deep, of iron-pyrites and
argillaceous matter ; showing frequent traces of earthy
black copper-ore, and enclosing, at intervals, bunckes
of galena which has afforded auriferous silver.} Near
the middle of the mine, the iron-pyrites and slaty-clay
between the eighteen and the twenty-five fathom levels,
enclose small separate masses of argentiferous lead-ore,
beside large isolated bodies in which the sulphurets
of zinc, lead, copper, and iron—with the sulphuret of
antimony at times—are either intimately mixed or
chemically combined.§
From the twenty-five to the forty-five fathom level
a broad band of iron-pyrites and slaty-clay || remained

© 8myth, Records of the School of Mines, 1. pp. 383—94, Anfe, p. 548.

+ Smyth, Records of the School of Mines, 1. pp. 384,—94. Ants, p. 549.

¢ The lodes, which yield copper ores in slate & & & are frequently spotted
with earthy black copper ore mear the surface; lower down, however, this is
suocceeded by vitreous copper; and, at length, by copper pyrites.”

Haxwoop, Cornwall Geol, Trans., V. pp. 228—9.

$¢ A Connery, tout prés de 1a grande route, dans la partie du filon qui se
dirige vers le nord-est, ce filon s’élargit beaucoup prds de la surface de le terre,
et contient une gdéne A grain d’acier mélde de killas, trds-difficile & fondre, qui
rend environ 25 p.—3- de plomb, contenant 1 once et  (0°000905) d’argent par
quintal. Le chupnn du filon a offert, en plussieurs endroits, une substance
semblable & de I'ocre, qui contenait jusqu’a 3 p. -5— (0°005) d’argent, et un peu
d’or.”’—Jowrnal des Mines, No. xvI1. (1795) p. 82.

Smyth, Records of the School of Mines, 1. p. 389, MBS. of the late Nicholas
Kempston, Eeq.

§ Weaver, Gool, Trans., v. 315. Apjohn, Jowrnal of the Geol. Soc. of Dublin,
v.p. 135. Bmyth, Records of the School of Mines, 1. p. 394. Mahon, The Mines
of Wicklow, p. 68. Ante, pp. 545,—6.

§“ As the Sulphur-smalls of Connorres are largely mixed with clay, and may
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unwrought for several years after the underlying body
of rich copper-ore® had been removed. This volume
of sulphur-ore is mixed throughout with larger or
smaller quantities of several copper-ores ; but—as in
many other localities T—earthy black ore prevails in
the shallower, and copper-pyrites is even more plentiful
in the deeper, parts of it. Below the forty-five-fathom
level the beds on opposite sides lose, in some measure,
their distinctive characters ; the N.W., or lower, layers
consisting of iron-pyrites largely charged with argil-
laceous matter, whilst the S.E., or upper, portions
afford isolated bunches of the same sulphur-ore, as well
as small bodies of copper-pyrites and still smaller
masses of vitreous copper encrusted with earthy black
ore, in a matrix of slaty-slay. Within a short distance,
however, lenticular aggregations of iron pyrites, and
thin beds of copper-pyrites { invested with black cop-
per-ore, are imbedded in granular quartz interlaid with
slate.§ The continuation, at a depth of 84 fathoms,
consists of slaty-clay, sprinkled, and sometimes veined,
with both sulphur-ore and copper-pyrites.|

therefore be readily made into balls for burning ; they are preferred by the manu-
facturers to the less earthy smalls of Cronebane and Ballymwurtagh.”

Jorx Honas, Esa., MSS.
® Ante, p. 566,

t Ibid, p. 566.

$ Sm; Plan and Sections of the Ovoca Mines; Records of the School
mﬁ.h'pasa. Ante, p. 556. ! 4 s

l}ﬂmyth Rmrdcqftho&booqulmc,xpasa,mu Mahon, TAe
ines of Wicklow, p. 61.

"III , Records of the School of Mines, 1. p. 304, Ante, p. 547; Table

9 Markham Browne, Esq., Resident Director, and W, G. Roberts, Esq.,
Manager, of Cmomo.m
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In shallow parts of the mine the poorer sulphur-ores
afforded on an average (00000122 their weight) four
(Troy) ounces of silver per ton;* but at greater
depths the (‘sulphur-smalls) softer varieties—which are
more mixed with clay than the ores of Cronebaxe,
Tigrony, Ballygahan and Ballymurtagh,t — have
yielded from (0-000184—0-000582) six to about nine-
teen ounces.*} Gold occurs, not only in alloy with
silver, but in separate grains;* and, in one assay at
least, it was obtained in the proportion of (0-000015
the weight §) half an ounce to the ton of ore.®}

Numberless masses (horses) of slate, frequently less
than a foot, though sometimes several feet, in thick-
ness, and often a few feet only, but occasionally many
fathoms, in length and depth, notwithstanding they
are bounded—as well above and below as at the sides
and ends—by metalliferous ingredients alone, main-
tain, as a general rule, the selfsame mineral composition
as the (country) rocks, which, at the same levels
respectively, form the sides (‘walls) of the Sulphur-

course; || yet, now and then, they contain small quar-
tities of ore.

The bodies of iron-pyrites and copper-ore, which
envelop these korses of slate, exhibit the same remark-

—

® Ants, p. 667, Note 1.  tAnts, p. 566, Note |

1 * For some years past the extraordinary and staple comodity of Connorred
has consisted of decomposed argentiferous iron pyriu:. oonaingg from
twelve ounces of silver and about half an ounce of gold per ton, and of
one to two per cent. of copper.”’—Maxox, The Mines of Wickiow, p. 63.

Ante, p, 549,
§ Table XVIII.
§ 4nte, pp. 20, 191, 378,—81, 850,64 ; Tables XVIII., XX.

T°
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able schistose structure * that prevails, to considerable
depths, amongst similar ones, in other parts of the
Sulphur-course.t

The cleavage-planes, as well of the pyrites and of the
slates within it, as of the (Country) rocks above and
beneath, J—maintain the same dip and direction as
the Sulphur-course§ itself and the korses || it includes.

Two series of joints intersect the Sulphur-course ;
one,—inclining more highly than it is inclined, but
nearly parallel to it in direction—bears 30°—40° E. of
N.—W. of 8.; the other ranges 22°—27° W. of N.—
E. of 8., but—aunlike the slightly diverging joints in
Cronebane** and Ballygahan T —it occasions no
displacement.

Throughout the district copper is still precipitated
from mine-water, but of late the stream from Connorree
has been the most productive; for some time, indeed,
it acted so strongly on the iron pit-work, that beechen
plungers 11 were used, and—as in some parts of

® Henwood Proceedings of the Royal Geol. Soe. of Cornwall (West Briton),
16th Ooct., 1840; Mining Jowrnal, 24th Oct., 1840). Bmyth, Records of the Sohood
of Mines, 1. p. 872, Mahon, The Mines of Wicklow, p. 78. Von Cotta (Berg-
und Hiitten, Zeit. No. 45, 1864); Mining & Smelting Magasine, Vit. pp. 165—~86.

+ Ante, pp. 651,—3.

3 Ibid, p. 564; Table XVIII.

§ Ibid, pp. 563,—4.

|| I%id, p. 564.

9 Table XVIII,

*¢ Ante, p. 558.

+ I%id, pp. 656960,

43 4 We have now at work a wooden plunger-pole made-of this Country beech,
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Cornwall —the pumps were lined with thin slips of
pine.*

From the end of September, 1838, to the beginning
of April, 1839, about 3,559,358 cubic feet, or 99,312
tons, of water were drawn to the surface.t

This passed from the pump-head, and from one to
another of several successively lower tanks, through

and we have a second ready for use; both have been soaked in the mine-water,
which is a capital substitute for Kyan’s patent. The pumps are lined with wood
which will save the inside from the astion of the water, and the flanges will de
protected as much as possible by well tarred hoods of canvass.”

MSS, of the late N1rozoras KxursTox, EsqQ.

In the last century it was suggested to the Admiralty, by the late Captain
Hercules Michell, that timber intended for ship-building should be immersed in
the water of the great Gwennap adit.”’

Haxwoop, Cormwall Geol. Trans,, V. p, 468%, Note 3.

“ About the year 1801 [the late] Captain Joel Lean & # & first introduced,
at Crenver and Oatfield, (what is now so generally used and with such great ad-
vantage,) the plunger-pole, instead of the common box and piston.”

Laa~, Historical Statement of the Improvements mads in the Dwly of
Steam Engines in Cornwall, pp. 8, 9.
Smyth, Treatiss on Coal and Coal-Mining, p. 181.

The late Benjamin Sampson, Esq., of Tullimaar near Truro, and the late Mr,
Prancis Michell, Engineer, of Redruth, informed the writer,—that, *“ in 1796,
they had seen the plunger-pole applied at Ale and Cakes in Gwennap, by Mr.
Murdock, who then directed the affairs of Messrs. Boulton & Watt in Cornwall ;
and that they had reason for believing it had been previously worked at another,
mine in the neighbourhood.”

Haxwoop, West Briton (xxx1. No. 1606), 23rd April, 1841.
- ¢ When the water is saline or acidulous & # % the working-barrel, ordi-
narily of cast iron duly bored, is sometimes made of brass or gun metal (ss,
indeed, it very often was in earlier days); or, asin some of the copper minesin
Cornwall, the whole of the pump-work may be lined with staves of wood, care-
fully fitted like an internal oask, to prevent the rapid destruction which otherwise
ensues.’’—SMYTH, Treatise on Coal and Coal Mining, p. 180,

1 The steam-engine had a stroke of seven foet in the shaft, and—ranging from
four to eleven —averaged, during the period under consideration, about seven
strokes per minute. The calculated, is assumed to bear to the actual, discharge,
the same proportion (1° to *924) which they bore to one another during repeated
experiments at WAsal Towan in Cornwall. HeNwoop, Tvansactions of the
Institution of Civil Engineers, 11, p. 58.
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narrow inclined channels (launders). The floors of
the former were nearly horizontal, but those of the
latter were slightly inclined; the water, therefore,
flowed less rapidly through the one than through the
other.
The capacity of the tanks was about 3447 feet;
» launders ,, 900 ,, .
Both were thickly spread with scraps of wrought
iron and shreds of tin-plate, which were frequently
turned and swept; in order—by the removal of the
precipitated copper—to present a surface of iron as
clean as circumstances permitted, to the impregnated
mine-water.
Accounts kept at the mine show, that during this
period
the tanks and launders were supplied with about 62 0000 3! wrought-iron and
tin plate;

of which........ nearly 20-0000 were consumed ;
and this precipitated .... 19,9375 of copper,

which realized in the market £894 : 10 . 9.

The precipitate was, therefore, 0°9969 the weight of the iron it had replaced; and
00002 ,, of the mine-water from which it

had been obtained.

During 1861—2 the consumption of.e .. ce.. 124 tons of scrap-iron, &e.,
oollected (cvevecccesne 60 ,, precipitate,
which yielded on an uenge 0°44 its weight of copper.
Theprecipitate wastherefore  0-48 the weight of the lron,
and the copper » 0-21 » ”

The precipitation was always more rapid in running
than in still water; ‘and in warm than in cold weather.
The water took with it, from the precipitation tanks
and launders, a considerable proportion of iron-ochre,
most of which subsided in pits prepared for its recep-
tion ; the rest passed off, in suspension, to the river.
LLLL
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At Cronebane * it appears that in 1862
30 tons of wrought-iron
afforded ...... 12 ,,  precipitate,

which contained 35 per cent. of copper.
In this case, therefore, the precipitate was 0:400 the weight of the iron dissolved

» ocopper » 0140 ” ” &
» » » 0350 ” of the precipitate.

# ¢« In order to carry off the water from {Crone Bawn] there are levels carried
on a great way under-ground, from the lower part of the hill. Out of these
levels issue large streams of water, most strongly impregnated with copper.

¢ An accidental discovery, which happen’d not long ago, is like to make these
streams more beneficial than all the rest of the mines., 8ome of the workmen,
having left an iron shovel in the stream, found it ‘some weeks after incrusted
with copper. This gave the hint of laying bars of iron in these streams, which
is done in the following manner:

¢ Oblong pits are dug, ten feet long, four wide, and eight deep: the bottom
laid with smooth flags ;. the sides built up with stone and lime, with wooden rude
beams across the pits to iay the iron bars on. Chains of these pits are continued
along the stream as far as the directors please ; for the water never abates of its
quality, & & & Soon after the iron bars are laid in these pits, they contract a
copper rust, which, by degrees, intirely eats away the fron, The copper, which
is in the water, being thus continually attracted and fixed by the iron, subsides
to the bottom of the pit. To hasten this dissolution, the iron bars are some-
times taken up, and the rust rubb’d off them into the pit. In the space of twelve
months the whole bar is commonly dissolved, if the iron be soft; for steel or
hard iron will not do here, The stream is then turned off the pits ; and the men
with shovels throw up the copper, which lies at the bottom like reddish mud.
This mud [when] dry becomes & reddish dust & # & . It is then smelted into
copper. & ® ¥ .

“ One ton of iron in bars produces a ton and 19 hundred and an half weight
of this copper mud or dust, Each ton of this mud produces, when smelted, 16
hundred weight of the purest copper, which sells at ten pounds per ton more
than the copper, which is made of the ore. There are about 500 tons of iron
now laid in these pits. The water, that runs from these mines, enters the river
Arklow at New Bridge; and is of so corrosive a nature that no fish can live in
this large river from hence to the sea.”

Haxry, Pk, Trans., xLvt. (1761—2) pp. 500—3,

According to Dr, Heary's statement, therefore,

the precipitate obtained was 1-975 the weight of the iron used;
» fine copper ” » 1°680 » ”» H
” » » » 0800 ”» precipitate.

¢ L’eau de la mine est tonjours plus chargée de la parties salines et métalliques

en hiver qu'en été; ce qui vient, suivant M. Mills de oe que I'air sec qui circule
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The water of Ballymurtagh* gave, from 1852 to

pendant 1’été dans les mines, y favorise la cristallisation du sulfate de cuivre,
tandis que pendant I'hiver, qui est toujours pluvieux en Ireland, les eaux qui
s'infiltrent dans les filons redissolvent les dépdts saline, et s’enrichissent par-1a
considérablement.

“ On augmente aujourd’hui la concentration de 1’eau retirée de la mine, an
moyen du minérai pyriteux pauvre. C’est méme presque pour ce seul usage
qu'on prend la peine de I'extraire ; car, quoique ce minérai soir le plus abondant,
cependant, comme on a vu, on n’en exploite qu’une petite quantité, Apris
P’avoir brisé en morceaux d’une grosseur convenable, on le met dans les fours
qui contiennent de 50 & 150 tonneaux de minérai, On n’a besoin, pour com-
mencer 3 y mettre le feu, que de quelques broussailles et d’un peu de charbon ;
aprés quoi, le soufre contenu dans le minérai suffit pour entretenir la combustion.
Ce soufre, volatilisé par la chaleur, est requ dans des récipiens adaptés  ces
fours. % % & Aprds que le minérai a ainsi subi le grillage, on le porte dans
des fosses remplies d’eau vitriolique, od on le laisse plongé quelque temps, aprés
quoi on le passe au bocard; on lave ensuite celui qui en vaut la peine.”

Journal des Mines, No. xv1. (1796) pp. 83—5.

* The process [of roasting] commonly lasted six weeks, % & & and when it
was well managed, a nucleus of rich yellow or grey sulphuret of copper, sur-
rounded by brownish red oxide of iron, might be found in each piece of the burnt
ore. In this state, the ore being steeped in water, a solution of sulphate of
copper was obtained, and the copper precipitated by iron; the kernels of the
sulphuret # & & were separated from the slimy oxide by washing.”

‘WeavER, Geol. Trans., Vv.p. 219.

Percy, Metallurgy, 1. pp. 439—47.
In July, 1791 it was found that the water

8 it lssued from "“jmumdo-mu its weight of sulphuric salts and 0-00004 its weight of
phi-1

when it had
.....g....{:.‘:.‘:} . 0% . » » 000084

OP@eoccescccscnce
”“mm";:‘;:‘,"h;} » 027006 " .

The precipitate contained on an average 0°328 its weight of copper.
Journal des Mines, No. xvi1. (1795) pp. 84~5.
8myth, Records of the School of Mines, 1. pp. 386—9. Mahon, The Mines
of Wicklow, pp. 41—2. Ante, p. 662.
¢ The mine-water of Cronebane contains now (1862) a smaller proportion of

copper than it contained formerly,”
Carralx JorN RErD, Manager of Cronebane, MSS.

@ « 11y adéjd environ cinquante ans que I'opération de cémentation est en
usage dans les mines de Ballymurtagh, dont 1’exploitation, ou plutét la reprise
dans les derniers temps, a précé de celle des mines de Cronebane. # & #
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1861, the undermentioned quantities and qualities of
precipitate.*

Precipitate. Precipitate.
— A N r A 2}
tities of [ P H Q: titi f] P rtion
Toars, Qo ot in| T2 [“tonsy | of sopper
1862 ...| 60 | 04500 |1858..| 60 0-4200
45 | o400 | ™| 4o 0-4275
1853 ...| 80 | 08975 70 0-5500

Suivant Berkenhout, I'eau de Ballymurtagh dépose pari'évaporation 7 gros et}
de sédiment, et celle de Cronebane, 4 gros 16 grains. -
Journal des Mines, No. xv1. (1795) pp. 83—
¢t The water issuing from the pyrites workings [in Ballymurtagh] is strongly
impregnated with copper, and on being passed over plates of iron yields s pre-
cipitate containing from 10 to 30 per cent. of copper.”
HAveETON, Journal of the Geological Socisly of Dublin, ¥. p. 284
Smyth, Records of the School of Mines, 1. pp. 386, Mahon, The Mines of
Wickiow, pp. 41—5.

® John Hodge, Esq., MSS.

A comparison of the before-mentioned results with those obtained in other
districts, can scarcely be without interest.

The enormous body of ore discovered near Amlwch, in Anglesea, on the 20d
of March, 1868,8>—of which the produce lowered, for some years, the price of
copper throughout Europe and threatened the poorer mines of this kingdom
with ruin,d—has been wrought in the Parys and Mona mines, without inter
mission until now (1868).

The blackish and greyish-blue clay-slate, immediately beneath, become mor
and more quartsose as they approach it: certain portions, transfused with siti-
ceous matter, displaying a flinty character ; odsf whilst other parts are made 9P
of slate and quarts in distinct and separate lamine ; several large, and exclo-
sively siliceous, beds of schistose structure ¢/ enclose, here and there, bodies of
massive quarts; and broad bands of greyish hornstone ¢/ occur at in v
The slate directly overlying the ore is generally brownish; but— exhibitiog
various colours within short distances—it passes gradually into the normal blu¢:

a Pennant, Tours in Wales, Edit. 1810, IH{. p. 60.

b Journal des Mines, No. xvi. (1795) p. 60.

e Hawkins, Cornwall Gool. Trans., lii. pp. 285,—0,~91.
d Ramsay, Momoirs of the Geological Survey, lii. p. 195.
e Henslow, Cambdridge Phil. Trans., \. p. 884.

S Frére-Jean, Annalcs dos Mines, xtil. pp. 229 —35.

LY,
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Precipitate. Precipitate,
A A

— ) r
Years. |Quantities of|] Proportion Years. [|Quantities of| Proportion
(tons) of copper in (tons) of copper in

1858 ... 65 05775 | 1854 ... 25 04625
continued. continned.

1854 ... 55 0-3600 40 0-6537
80 08775 | 1855 ... 05 0-1500

Many beds are sprinkled and veined with efliceous substances; 4 but these rarely
accompany the thick conformable layers of metalliferous quarts which have
been largely worked in northern parts of the mines.

South of the great metalliferous deposit—where little or nothing of much value
has yet been found—the planes of cleavage—maintaining a tolerable regularity
—bear nearly E,and W.? In other parts of the district, however, their directions
are less uniform: for the average of their many large flexures in the Mona wine,
towards the N.E., is 12°—30° 8, of E.—N. of W,,—near the boundary of the
mines they range about E. and W.,—and in the Parys works, on the N.W.,
some 15°—25° N, of E.—8. of W. Moreover the wide floor of copper-bearing
quartz, worked to a greater or less extent in various parts of both mines—as
the Carreg-y-doll ** lode "—is subject to like flexures; and the smaller metal-
liferous beds—severally known,—as the Clay-shaft ** lode™ and the Charlotte
¢ lode’ in the E.,—as the North Discovery * lode” towards the W.,—and as the
Black-Rock ** lode * throughout—also conform to the undulations in their re-
spective neighbourhoods. The relations between the great metalliferous deposit
and the rocks adjoining it are not now very readily discerned, its general
direction, however, is some 12°—15° N, of E.—8. of W.; ? and its dip—like
the dip of other productive beds of quartz and the cleavage-planes of the neigh-
bouring slate—ranges from 50° to 84° and averages, perhaps, 66° towards the
N. The formation is intersected by joints of two series; which—differing both
from the copper-yielding beds and from the cross-veins (flucans) in direction—
bear d 25°-35° W. of N.—E. of 8. and 30°-40° N. of E.—8. of W. respectively.
Two cross- (fiucan ) veins traverse the district; namely,—the eastern or Carreg-
y-doll cross-course which ranges some 5°~-15° E. of N.—W. of 8., and the great,
or western, cross-course which takes a nearly meridional bearing. Both the cross-
veins heave the smaller productive beds (" * lodes ') they encounter, towards the
(L., G.A.,) lsft-hand and to the side of the greater angle; c—the Carveg-y-doll
cross-course displacing the Charlotte ** lode” but slightly,—the Correg-y-doll
“ Jods™ about twelve—, and the Black Rock ‘‘ lode” nearly eight, fathoms;

a Prére-Jean, Annales des Mines, xiil. pp. 22035,

5 In 1840 the Magnetic declination at Dublin was about 87° 30' West.—LroYp, PAil
Trans., exxxix. p. 208,

Sabine, Ibid, Pl. XIV. Ants, p. 541, Note #.

¢ Henwood, Corncall Geol. Traxs., v. p. 287,
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| Precipitate. Precipitate.
— A -, r A \
Years. Quantities of, Proportion Years. :Quantities of| Proportion
(tons) I of copper in | (tons) | of copperin

contlnued. continaed.
15 04750 | 1857 ... | 50 0-2987

|
!

1855 ' 6-0 04625 | 1856 ... 85 0-4750
|

, 40 04175 80 0°4875

1856 ...

whilst the western eross-course dislocates the Carveg-y-doll * lode " as much &8
thirty fathoms. Both cut through the great metalliferous deposit also; but the
extent of any Asaves they may have occasioned, is concealed by the rubbish
which now covers the sides of the openings wherein it was formerly wrought.

Tho North Discovery (bed) * lode " varies from about two to eight feet, the
Carreg y-doll * lods*’ {rom omne fathom to nearly ten fathoms, in width; both
enclose conformable (Aorses) masses of slate; and oconsist in great measure of
quarts, quartsose slate, chlorite, and disintegrated felspar, mixed, however,—~
with earthy brown iron-ore as well as with amaller quantities of native coppefy
earthy black copper-ore, the sulphate of lead, and other rare minerals, near the
surface,—with yellow copper-ore and specular-iron at greater depths,—and with
larger or smaller proportions of iron pyrites throughout.

The great metalliferous deposit appears @ not only to have occupied the whole
space between the Clay-shaft * lods" and the Black Rock * lode" for a con-
siderable distance, but also to have extended some way N. of one and 8. of the
other,

It has been wrought open to the day

for about 00 fms. on the line of its strike, } 140 fms. in extreme width ;HMM"
and more than In the wd

» 20 5, ” » 90 » » Great open-cas: o
to & depth of 18 fathoms,ad and for an ares of 5-381 acres, in the former; adc and
”» 23 ” ” ” 18191 » ” latter: »
and to greater depths, for short distances, in both. The open-casts ac are sepa-
rated by a body of vein-stone, varying from ten to fifty fathoms in thickness,
whence small quantities of copper-ore are still extracted.

The principal earthy ingredients—as in the smaller productive beds on the N-
—are quarts and quartsose slate, through which chlorite is thinly, and rather
unequally, sprinkled; towards the E., however, and especially near the (foot:

a Working-plans of the Parys and Mona mines.

» Pennant, Tours in Wales (Edit. 1810) §il. pp. 65, 496,—8; Jourmal des Minas, No. 37k
(1798), p. 78. Hawkins, Cornwall Geol. Trans., ill. pp. 984,~8. Frére-Jean, Annals dé8
Mines, xlil, p. 920. Amiwok and ths csledrated Mona and Parys Copper-sines (Besumarit,
1648), p. 8.

¢ The open-cast of Wheal Music, wrought on copper-veins, in slate, near Muth.‘w"m.
an .

” Carclaze, »  on tin-velns, In granite, near 8t, Austell, measurss

about five acres.

THOMAS, Cornwall Geol. Trans., v. pp- 9, 19
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Precipitate. Precipitate,
r A DY r A -
Years. |Quantities of| Proportion | Yeays, [Quantities of] Proportion
(tons) of copper in (tons) of copper in

1858 ... 2:5 02525 | 1859 ... 55 0-3675
40 0-8800 40 0-3800
40 0-3812 25 0-6125

wall) lower side, bufl-coloured felspar is also abundant, Thin fissile layers of
blackish-blue slaty matter interlie the other constituents, dividing them into ill-
defined beds, parallel to the adjoining rocks. Shallow parts of the Mona mine
have afforded much ((gossan ) earthy brown iron-ore, containing nests of earthy
black copper-ore, and small cavities incrusted with the carbonates of copper and
the sulphate of lead. Beds, lamine, interlacing veins, isolated bodies, single
crystals, and disseminated grains of iron-pyrites even yet abound in the quarts-
ose and slaty portions of the mass. Galena occurs in some, and blende in other,
parts of the formation; and occasionally the intractable association of both
these, with iron and copper pyrites ( Biue-stone a ) has been plentiful. Native
copper, earthy black copper-ore, vitreous copper, and purple ore have been fre-
quently obtained ; » the principal produce, however, has always been copper
pyrites. Great quantities were, of course, scattered through the earthy matrix;
but during three months of the year 1787, one party of workmen extracted
 two thousand nine hundred and thirty-one tons of good copper-ore and only
ninety-two tons (0°031 its weight) of waste.”¢ On one occasion forty-four
thousand tons of ore lay ready for the furnace.? In both the open-sworks
several large (Rorses) masses of quartzose slate, interlaid by laminee, and
intersected by thin veins, of iron pyrites, have—by the removal of the copper-
ore which surrounded them—been left standing as isolated crags.

Between the two enormously rich (bunches) portions of the great metal-
liferous deposit, wrought in the Hill-side open-cast and the Great open-cast
respectively, a body of comparatively unproductive—yet slightly orey—quarta-
ose vein-stone intervenes; whilst—like many of the largest courses of tin and
copper-ore in Cornwall, 4 —each of them is intersected by a cross-vein. Both
the cross-veins partake, to some extent, the character of the ore-ground they
traverse; for the most part, however, they consist of slate identical, in both
composition and structure, with the (comniéry) rocks adjoining : that is to say,

a Ante, p. 340.
0 Pennant, Tours in Walss, iil. p. 61.
o Price, Ibid, p. 438.

& Came, Cornwall Geol. Trans., 11. p. 99. Fox, Reports of the Royal Cornwall Polytech-
nio Soolsty, iv. (1830) p. 88, Henwood, Cormmwall Geol. Trans., v. pp. 33, 938; Tablm VIII.
XXIV. XLIL.,—V. LIIIy LXy—1y~I1Ly=Vy=VIIl, LXXX1,~VII,~IX,
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Precipitate. Precipitate.
AL A

Years. Quantities of Proportio; Years. Quantities of Proponiin:
(tons) of copper in (tons) of copper in

1860 ...| 40 0-4425 | 1860 ...| 85 06125
40 04875 | 1861 ...| 8% 03062
50 0-5550 875 | 08850

tﬂey-—u well as several of the Cornish cross-veins—are mere slices of the strata,
containing little or no ore. &

The richest part of the NortA Discovery (bed) ¢ lode ** is intersected, at about
right-angles to its course, by two nearly vertical joints; but the poorer portions
are traversed by several such seams,? all which dip towards the W,

The body (courses) of ore,—both in the great deposit and in the North
Discovery * lode —have also a westerly (shoot) dip endlong, but at a lower
angle.

To & depth of eighteen fathoms in one part, and of twenty-three in another,
the great metalliferous mass was guarried for its entire width. At these
respective levels, however, * not only had the body of ore diminished, but it
was of lower quality, [whilst] the expenses of raising it had increased inversely
in the same proportion.¢” Quarrying was, therefore, discontinued; and
mining operations were commenced on the richest of the tributary or subordi-
nate parts—the Black Rock (bed) *‘ lode; " which-—by aid of a steam-engine
—set up at the bottom of the Great open-casi—is still mined some sixty-five
fathoms below the surface.

The North Discovery * lode"’ is worked to & depth of about one hundred and
twelve fathoms.

The richer ore was dressed in the ordinary manner; 4 the poorer was broken
to about the sise of eggs, and burnt. ¢ For which purpose it was placed
between two parallel walls of vast length; some kilns were twenty, others
forty, or fifty yards in length; some ten, others twenty feet wide, and above
four feet in height. The space within was not only filled, but the ore was
piled many feet higher, # & & the whole was then covered with flat stones,
closely luted with clay # & & in order to prevent the fumes from escaping.
The ore was set on fire by a very small quantity of coal, and it then burnt per
se. The sulphureous particles passed off into long flues built of brick, where
they subsided in form of the finest brimstone. Some of the [kilns] contained

a Henwood, Cornwall Geol. Trans., v. pp. 961,—3, Tadle LXI1X.
b Ibid, p. 938,
¢ Hawkins, Ibid, 1ii. p. 287.

d Pryce, Mineralogia Cornubiensis, pp. 238—43. Henwood, Cornmwall Geol. Trans., iv. pp.
150—65. Henderson, Proceedings of the Institution of Civil Engineers, xvil. pp. 16—20,
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From 1852 }thmfore, 72-50 tons of precipitate were obtained, and the
to 1856
proportion of copper—ranging from
0°1500 to 0:6637—averaged 0-4634
its weight ;

» of precipitate were obtained, and the
proportion of copper—ranging from
0-:2525 to 0-6126—averaged 0°4207
only;

but from 1857 .
to 161§ » O

four hundred tons of ore, others two thousand; the first required four months
to be completely burnt; the last near ten.”’s

The results of these operations—which have been discontinued here since
1862—were identical with those obtained at Agordo in the Venetian Alps; &
that is to say:—

¢ 1s¢ stage—When a lump of ore in this stageSs broken across, it is seen to
consist of a central mass of unchanged ore, enclosed, as it were, in a rind or
shell of a reddish-brown substance like sesquioxide of iron; and between the
two is interposed a thin more or less continuous layer, which differs in lustre
from, and contains more copper than, the original ore, and in appearance re-
sembles copper-pyrites. & » &

¢ 2nd stage.—This stage occurs at about the middle of the roasting process.
The external appearance of the ore is the same as in the first stage, but the
weight is much diminished. On breaking the lump across, several concentric
layers may be observed. In the centre is a nucleus of unchanged ore, surrounded
first with a layer similar in appearance to copper-pyrites ; secondly, with a layer
having a greater lustre and of a purplish colour, similar in appearance to purple
copper-ore ; thirdly here and there, with a layer having a metallic lustre and
varying from the colour of indigo copper-ore to that of vitreous copper; lastly
with a thick red-brown crust, forming the outer shell. & & =

¢ 3rd stage.—On breaking across a lump of ore in this stage, which occurs
when the roasting is nearly completed, a nucleus of unchanged ore can no longer
beseen; but within the now greatly increased outer red-brown crust some yellow,
reddish, and bluish particles may yet be perceived. # & »

¢ 4th stage.—In this, the final stage, on breaking across a lump of ore it is
found to consist only of a central nucleus having the appearance of vifreous
copper or rather rich copper reguius, and an outer red-brown shell, not usually
presenting any indication of concentric arrangement. & » @

“ The kernels are separated by a few gentle blows with a hammer & * &
and smelted for copper.”

a Pennant, Tours in Walss, iil. pp. 61—3, 488—0, Pl. XLIV.; Journal des Mines, No. xvl,
(1795) p. 70. Frére-Jean, Annales des Mings, xili, p. 234—5.

3 Porcy, Metallurgy, 1. (Lurser, Berg. w. huttenmannisches Jahrbuch, Tanner, 1858, 3, p.
200; :.1864. 4, p. 342) pp. 430,—44,~40. Haton, Annales des Mines, Sme Sérle, vili. pp,

MMMM
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the total yield having been 126-75 tons of precipitate,

The rain-water—which occasionally percolates through this burnt rubbish—
still bears with it to the precipitation-pits, notable quantities of the sulphate of
copper.& 3

The waters which, for a century, have given,? and still continue to give,c such
ample precipitates, aforetime—like the stream at Dol-y-frwynog in Merioneth @
—deposited their riches in the turf,d through which they rose to the surface.e

The Parys and Mona mines now drain the surface so thoroughly, that—for
want of fresh condensing-water—four, of their five, steam-engines are of high-
pressure.

(1.) * The Parys mine
emits annually about seven-hundred-mfllion gallons of water impregnated with
copper. This is collected in pits, into which is put old iron, which precipitates
the copper. The average product of copper is from 56 to 60 tons ; and the iromn
consumed in obtaining this is 600 tons. The copper found in these waters, as
indioated from the precipitate obtained, varies from 4 to 30 per cent,, according
to the wetness of the season; the sample I procured was during the dry season,
and consequently rich in copper; its specific gravity was 1:055 at 60° F. The
solid contents of one gallon weighed 4,960 grains, which gave peroxide of iron
1,680 grains, oxide of copper 80 grains, sulphuric acid 3,040 grains, muriatic
acid 38 grains, and 122 grains of earthy matters, which were not examined. In
order to ascertain whether the copper might be extracted more cheaply by means
of a galvanic current, or what is known as the electrotype process, than by the
ordinary means of precipitation, a piece of iron, wrapped in a strip of brown
paper, was attached to a piece of copper, and both were immersed in a solution
of copper ore, in the muriatic acid, to be examined. The first action which took
place, however, was the complete reduction of the persalt of iron to the state
of protosalt, at the expense of the copper pole: after which the electric current
began to effect its object, the copper being deposited, but from the copper which
had been dissolved having also to be [precipitated], the consumption of iron was
658 grains, whilst the actual increase in weight of the copper pole was only 64
grains, the quantity of copper originally held in solution. & & & Different
arrangements of batteries were tried ; platinum, silver and lead were also sub-
stituted for the copper, but in no case was a deposit obtained from the water until
the iron was first brought into a state of protosalt; but when this was effected,

a Thomas Fanning Evans, Esq., of Mona Lodge, Amlweh, Buperintendent of the Mona Mine
and Smelting Works, MSS.

 Ants, p. 579, Note a.

© Postea, pp. 581—4, Tabls XVIIl.a

d Henwood, Reports of the Royal Institution of Cornwall, xxxviil, (1856), p. 41. Ramsay,
Memoirs of the Qeological Survey of Great Britain, lii. p. 45,

¢ In the neighbourhood of Dolgelley it is believed that the presence of copper in the soll, is
indicated by the growth of the sea-pink or Thrift (Statice Armeria), which ficurishes in such
spots with remarkable luxuriance.
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and the proportion of copper during the period—

I obtained, by the method described 63 grains of copper by the loss of 53 grains
of iron. # & &

# Both zinc and iron, when put into the persalts of iron, first reduce the per-
salt to the protosalt, which fully accouhts for the great eonsumption of iron for
the small [proportion] of copper obtained from these waste waters of mines, and
not, as was generally supposed, from the existence of free acid; the copper is
never all precipitated from the water so long as persalts of iron exist in the
solution.”

Narizn, Lond. Edin. & Dublin Phil. Mag. Xx1V. pp. 365—70 (abridged).

The following eolumns show the quantities of Iron consumed and Precipitate
obtained, the respective proportions of the Precipitate and of the Fine Copper
to the Iron consumed, and of the Fine Copper to the Precipitate, at the Parys
wines, during the years 1862—6,

Quantities Proportions
of of
A A
r aY 14 Fine Copper )
Iron Precipi ) 2 i
Years. Iron in uge. consumed. obw‘:s:i.“ ?ﬂn‘ﬁ“ (e to Iron - to N
Tons (Av.) | Tons (4v.) | Tons (4v.) consumed, consumed. | Precipitate.
1862.| 28 s68 | 3638875| 06406 | 01425 | o011
o
1863. 5§ 599 | 3272600 05463 | 01825 | o0-0723
-]
<
1864. g’% g 611 | 296:7375] 04857 | 01325 | 0-0644
-
1866. §g§ 418 | 284-8875| i0-6887 | 01112 | 00766
o -
1866. 553 660 | 2711250 o0-4920 | 01425 | o0-0702
Totals.| — 2,746 [1,6468876] — — -
Means.| — - - 05633 | 01326 | 0-0746

Mgz, JaMES WILLIAMS, Accountant at the Mines, MSS,
(2.) At the Mona mine—
the copper-ores calcined from the beginning of 1832 . ).
to an early part of 1862 amounted t0..ee ,oeecess 156,404 tons ( Avoir.);
but since that time they have been differently treated ;—

the iron in use—reckoned annually—between 1832 and 06.896 .
1866, was, in the aggTegate secceecacecscacerase i LA

of this the (Zight-iron ) wt;rn-out utensils

whether of iron or tin-plate, and small . .
mez.ac, indifferently of wrou’ght or eut} weighed 61,973 ,, » o
m

®ecccrss 000t ocsaccer racce s

and the (Aeavy-tron) broken machinery }

and other heavy junks of either kind .. ” 34,023 ,, »

e
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ranging from 0-1500 to 0'6537—having averaged,
during the ten years, 0:4452 its weight.

the qﬁmﬁty of iron consumed during the same

R R N L Y R Y R YR TNy

of which the hyld-om......n seseveccvsce

”» w’m ®ssseedecvecBesn Ol
the precipitate collected ,....cceeceeccvesccs
the fine copper obtained ....cce0eccv0c0ee oo

» 24087 ,,
” Gnm ”
»n 80,785
n 2977 .

}-eighed 30,386 tons (Avoir.);

”

The following columns show the proportions of ore, iron, and copper, treated,
consumed, and obtained, at various times and under different circumstances;s
but Table X VI1Il.a mentions them in greater detail,

Proportions
r A Y
of Precipltate of Flae Copper
r A ) N4 A N
f to I 1 -
Periods. ‘ olmn. lnul::. to!m- gul: to Iron to&?nd’l
1832=86,.,.....] 0-8228 | 0-8383 | 1-0482 | 0-0338 | 0-1048 | 0-0999
1837—4l.c.0....| 02078 | 03653 | 1:2267 | 00374 | 0-1256 | 0-1024
1842—46........] 02341 | 02472 | 1°0560 | 00288 | 0°1230 | O-1164
1847—620 ......] 03196 | 0-3102 | 0-9708 | 0-0346 | 0:1082 | 0-1115
1863—67d ...o..| 0-3135 | 0°3414 | 1-0951 | 0°0239 | 0-0768 | 0-0697
1860—66% ,.....| 0:3990 | 03207 | 0-8036 | 0-0281 | 6-0704 { 0-0876
First fifteen years ,..| 0-2794 | 0:3092 | 1-10656 | 00328 | 0:1175 | 01067
Last sixteen years ® .| 0:3379 | 0-3261 | 09620 | 0-0290 | 0-0858 | 0°0892
Highest .| 05048 | 04931 | 188038 | 0-0558 | 0-2072 | O°1 373
Extremes
Lowest .| 0:1715 | 0-2233 | 0:6505 | 00173 | 0°0549 | 0-0582
Means seee.oeee] 08136 | 0-3175 | 1:0239 | 0-0308 | 0-0993 | 00969

a The annual fall of raln at the Mona mine has been

in 1861 ... 4445 inches ;
S .eee H0°1¢ ,
8....408 ,

1664 .... 3860 inches;
6 aees 4017
6 .eeo 4228,

TroMAs Faxxixg Evaxs, Esq., M8S,
5The Returns for 1850,—7,—8, & —63 are incomplete.
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The broken machinery and worn-out tools used

Proportions
[ 4 A N
of Precipitate of Fine Copper.

r A R g S N
of Iron to fron to Iron to Iron to Iron [to Precipi-
|consumed.| in use. |consumed.] In use. |consumed.| tate.

rthwd:htolhonhm
exceeded an average..| 0-2923 | 02976 |....... | 00289 |..coso..| 0-0873
fellshortof ,, «o| 08617 | 0:3645 |ecee... | 00342 |es......| 0-0966
the proportion of iron consumed
exceeded an average..| 0:3783 |.eec....] 09108 |........| 00874 | 00060
fell short of ,, ee] 02529 leeseeese] 11004 )...c,...| 01084 | 0-0985
the proportion of precipitate to
iron in use
excudedtnaveugp.. 0-3291 | 0-8841 [........] 0:0343 [secoee..| 00894
fellshortof , .| 0-2958 | 02673 |....... | 0-0280 |..ec....| 0-1050
the rtion of itats to
e proportlon o precip!
exceeded an average..| 02649 |,.......] 0°8765 |........| 0-1326 | 0-0964
fell shortof ,, eo| 03428 |eeecoess| 08842 J.useees| 0:0863 | 0-0976
the proportion of fine copper to
iron In use
exceeded an average..| 0-3153 | 0-3722 |........] 00340 |........| 0-1073
fell shortof ,, eo| 03074 | 0-2817 |eevccees] 00247 [s0veec..| 00877
| the proportion of fine copper to
iron consumed
exceeded an average..| 02671 |........| 1°1585 f.0veee..| 01279 | 0-1104
fellshortof ,,  ..| 0-3570 |........| 09167 |........| 0-0762 | 0-0832
the f i
pmo ne copper to
e‘“ededm.'ﬁt‘se.. 0-3082 seseccss|veee . oo cianr aces]s000nee 0-1114
- fellshortof ,, .| 03357 |...evuufernnerifennnadfonen... | 00768

Of the ochre, which is continually formed, 17,833+06 tons (Avoir, ) have been
prepared for sale since 1860 ; namely—
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in the precipitation works, comprise a much larger

1861 ...... 2,667-06 tons, 1866 ...... 2,016'98 tons,
2 cieees 2,06192 ,,, 6 ...... 8,1768¢ ,,,
3 ...... 228281 ,, 7 oe.... 3,28615 ,,,
4 ...... 2,492°80 , ,
beside great quantities which escaped to the sea,

* The water from different parts of the mine, contains unequal proportions
of, more than one, metallic salt; as the works are extended, indeed, they open
at times springs of various qualities; generally speaking, however, the streams
issuing from the great metalliferous deposit and from the quartzose rocks on the
8., are more highly charged with the sulphates of iron and copper, than those
flowing from the less siliceous slates, and from the smaller productive (beds)
¢ lodes * which interlie them towards the N. Soon after the wet season sets in,
the mine-water becomes more abundant, and the precipitate—increasing in some
proportion to the rain—is, at the same time, both larger and richer than during
any other period of the year. The proportion of solid matter contained in this
water, as it flowed from the pump in February 1868, was about (0-0304 its weight)
thirteen thousand four hundred and thirty-eight grains to the cubic foot.

¢ As precipitation takes place more slowly in cold, than in warm, weather; all
mine-water is retained in tanks, and the works are suspended, during frost.”

TroxAS FanNiNG Evans, Esq., MSS,

(3.) At the Devonshire Great Consolidated Copper Mines a the water contains
generally less than thirteen grains (about 0-00008 its weight) of copper to the
cubic foot ; a quantity too small to repay the cost of extraction. The streams
which enter the shallower levels near the Wheal Josiah and the Wheal Maria
shafts, are, however, more highly charged; but that of the former is—on its
way to the surface—mixed with the less richly impregnated water from the
deeper works. The following columns comprise both the elements and the
results of the precipitation carried on, at these respective parts of the mines in

1866,
Wheal Josiah. Wheal Mavia.

QUARTITING.
Copper, grains of per cubic foot of water cc..ecoe 2916 .... 4802
»  Pprecipitate, obtained, tons ........ eevees 1700 .... 12°00

» fine, contained in the precipitate, tons .... 790 .... 64900
Iron in use, constantly maintained at, »  eeee 8600 .... 1900
” consumed .eceeoericaccnnnose » veee 8080 .... 2400

PEOPORTIONS
Iron consumed .... toironinuse ,....c.c0..0 04611 ... 0-5581
Precipitate obtained 2 cosessscvees 0256456 .... 02701
Fine oopper in precipitate ,, sessresaesse 0°1183 ... 01395
Precipitate obtained to iron consumed .......... 06619 ,... 05000
Fine copper in precipitate ,, essescsesese 02666 .... 02500

Fine copper in precipitate cvecocceceececea. ... 04647 .... 0:6000
a Ants, pp. 4578, Table XIV.
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proportion of cast, than of wrought, iron ; but especial

The quantity of water is smaller, but it contains a larger proportion of cop-
per, in summer than in winter,

The iron is frequently dissclved by water which deposits no copper.a
Extracts from Official Records, by MR, IsaAac R10HARDS,
Accountant at the Mines.

(4.) At Whsal Agar—an abandoned mine near Crow’s-nest in the Caradon
district » —copper has been deposited for some years, by the adit-water in which
the (Alga) Mougeotia thrives, even whilst it adheres to the precipitated metal.

The precipitate obtained is about 07500 the weight of the iron consumed,

0-2250 }

to
0-2626
0-3000 }

to
0:3500

the fine copper ”» from {

» » H

” » from { s the precipitate.

(6.) *“ About sixty years ago [the precipitation of copper by iron] was first
observed by Mr. Coster in Chacewater Mine near Redruth; for after he had
drawn out the water, which had been in the mine for several years, he found the
poll of a pick-axe wholly encrusted with a case of malleable Copper between
two and three pounds in weight. This it was justly supposed was observed by
the workmen, some of whom afterwards settled at Cranbaun Mine in the county
of Wicklow The water of Cranbaun having this vitriolic acid in a very high
degree, Capt. Thomas Butler, who was one of Redruth, and manager of that
mine, persuaded the proprietors to adopt the scheme of precipitating copper, of
which they have made for many years past and now continue to make very cou-
considerable profit.”’—PrY0B, Mineralogia Cornubiensis (1778), p. 231.

About 1830, some small parcels of copper, precipitated from the mine-water
with lime at Wheal Falmouth, realized at the ticketting from £8 to £9 per ton,
Jaues TREWBEK, Esq., of Chatham Lodge, sometime Manager
of Wheal Falmouth, MSS.

(7.) The Great (Gwennap) adit extends its several branches in different
directions between thirty and forty miles, through the most productive copper-
district in Cornwall ;¢ draining an area of five thousand five hundred and fifty
acres; and discharging—after the drought of summer less than nine hundred,
—after the rains of winter nearly two thousand nine hundred,—and on an aver-
age about fourteen hundred and fifty, cubic feet of water per minute.c This

a Ante, p. 580.

b Postea, pp. 630—80.

o Thomas, Report on the Mining District from Chasewater to Camborne, p. 28; History
of Falmouth, p. 33. Henwood, Phil. Mag. & Anwnals, 1x. (1881) p. 170, Cormwall Gesl.
Tyans., v. pp. 89°%, 4236,
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account was not taken of the quantities. It is believed,

however,

that the precipitate obtained was about (four-fifths) 0°8000 the weight of the iron
) consumed ;

in which case N

the copper must havebeen ,, .....c.c.s 0:3562 " [T

stream has, at different times, varied in temperature from 60°-5a to 69° 35’
In August, 1867, a cubic foot yielded, on evaporation, seven hundred and thirty-
five grains of residuum, which, for the most part, consisted of ¢

Iron. Sulphuric acid.
Calcium, Hydrochloric acid.
8odium.

with traces of other substances.d

It is a remarkable—and perhaps a characteristic—oircumstance, that notwig-lr
standing the Great Adit had been extended to the western boundary of Poldict,
as early as 1768, by Mr. Williams; ¢ and that, in the interval, a side-drif? from
it had been opened to the very ( Chacewater) mine in which the precipitation of
copper by iron had been observed about 1728/ by Mr, Coster; mno su 5
—if indeed any—attempt was made, to extract the water contained in the adit-
water which had for so many years passed into the sea at Restronguet until late
in the present century. In 1854, however, Mr. Richard Symons, of Twelre-
Heads,—who had gained some experience in the mines of Cuba,—opened pre-
cipitation-pits on the stream, and the success of his operations stimulated his
neighbours; in the course of eight or ten years, therefore, at least a doses
other parties had established themselves, on its banks, between Bissoe and
Tarnon Dean, villages a mile and a quarter apart. As each of these is indepen-
dent of every other, and as many of the partners in all are themselves the

a Henwood, Cornwall Geol. Trans., v. p. 411.

o Fox. Idid, 1. p. 816.

¢ Qualitative analysis by Mr. John Edgar Wright, A.A., of Penzance.

4 One of the Whsal Clifford tributarles—which issued from the lode at a temperature of
1259—afforded per cubic foot of water, the undermentioned quantities of saline matier
namely—

Chloride of Lithium..ccceccocccesececcsccsasenscescssss 16066 gralns;
Potassium with a littls Chloride of Csmsium .. 9090 ,,

”

”» ‘BOAIAM cecocosorercocccsssesssnccercasaasee $HITIL ,,
» Magneslum ..ccocreccecesaccccctscencecases S4BT
» Calclum senccecscsceccecccccsocccscrosncecse L3404 ,,

Salpbate of CalclUM ceccesccsoccccscoccncscscssnccssce 7515 o
BIUCR civceccccccrcccscecsacessccesccccconccnteccasnes

285
Oxides of Iron, Aluminum, and Magnesium ......cccese lnmxnuu:mﬁth-
8,083-38 grains,

Mirrag, Report of the British dssociation for 1804, Part iL p. 8
¢ Henwood, Cornwall Geol. Traxs., v. p. 89°.

£ Pryce, Mineralogia Cornublensis, p. 931. Ants, p. 280,
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The following comparisons

Proportion of
r A -
Precipitate to Fine Copper to
r A N7 A Al

Precipitate

Mines and Iron Iron Iron Iron Preclpl- to

Roek. |coneumed | in use. |consumed.|consumed.| tate. ‘Water.
Connorvres,
1838—9..[-scccees] 03226 | 0:3216 | 0-9969 — —_— 000020000
{ Clay-slate.
1861—2.¢|cveueees| =— —_— 0-4800 [0-2100 04400 -_

Cronebane,
1862 .. .«.|Clay-slate. -— — 0:4000 [ 0°1400 0-3600 -—

Ballymurtagh,
1852—8..J........ - 0-4634 —
Clay-slate. ’ -_ 0-8000 | 0-3562
1867—61.|........ - 04207 —

workmen; it has been found impossible to obtain full particulars of their

operations.
In each series of (‘strips) pits
the iron in use is commonly maintained at ................ 4 or 6 tonms,
and by the consumption of eceeervsvicniencaaee... from 2to 2§ ,,
a precipitate of .....ci.e00000tiieiiaccenniien, .. about.... 1 ton
is obtained.s

The precipitate colleoted, has, for some time past, ranged from eighty to one
hundred, and averaged about ninety, tons a year.d

The proportions of fine copper it has afforded at different times are shown in
the following columns :—

Years. Highest Lowest. Average.
1864 cecncns 06162 0:1500 0-3329
[ 0-6875 01200 04054
[ JP, 0-5875 0-1200 03703
Tevennnnn 0-6150 0-06256 04037
Extremes .... 0-6162 0-0625 _—
Mean . ...... —_ -— 0:3900

Howarp BaNxaArT, Esq., Managing Partner of the Red Jacket
Copper Works, Briton Ferry, South Wales, MSS,

@ Mr. John Ninness of Twelve-Heads; a Proprietor of Precipitation-works.
b Henry Williams, Bsq., of Alma near Truro, Sampler and Shipping Agent of Mesars. Vivisn.

NNNN
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show that the water now yields smaller proportions of
copper than it formerly yielded.

The proportions of the results obtained are,—

to
to Iron in use, to Iron consumed. | Precipitate.

Iron consumed ....| 0°4000—0-62560
Precipitate ........| 0:2000—0-2500 0-4000—0-5000
Fine Copper «.....| 0:0125—01540 0-0260—0-3081 0-3900

Taking, therefore,—
the average discharge of the adit& .....c...... at 1,450 cubic feet per minute ;

- aueaiy of slas mutr comalend| 135 grin o cuie ot

” » precipitate obtainede .. ,, 90 tons per annum;
roportion of fine co| contained . fre,
w  Pprop o :heppw ontained } .  0350its weight;
the salts amount £0 ceeeeses vueee... about 01001220 the weight of the water;
»» Precipitate amounts to......... . 000000423 " » H
» finecopper ,, secsssases 5 000000166 ” ” ;
that is to say, 423 parts of precipitate tracted from .
containing 165 ,  fine copper are ex 100,000.02;) 'p:::

three thousand
o { h"’unduda::cl:h'ty-}omhundnd and five tons of water yleld about uopond of pre-
four cubic feet) .... cipitate;

» (nine thousand six
hundred and ninety- }mhundndb seventy ,, ” » » of fine
three cabio fest) .. copper.

The foregoing approximations—although as close, perhaps, as our presemt
means of information permit—make no pretension to minufe accuracy; they
show, however, the remarkable means by which many industrious families earn
a comfortable livelihood.

The precipitate is both richer and more abundant, in winter than in summer;
and at all seasons it is of better quality in the upper, than in the lower, part of
the stream. When tinned iron is used as a precipitant, the deposit obtained
affords metal of much the same kind as that smelted from tinny copper-ore.

In this water,—as in that of WAeal Agar,d—the (Alga) Mougeotia flourishes.

Although the several tributaries of the adit rise in the Parishes of Redruth,
Kenwyn, and Gwennap, the owners of land abutting on lower parts of its stream,
in Kes, Feock, and Perran-ar-worthal, claim (Royalty) Duss—in two or three
cases of one-tenth, but generally of one-fifteenth—of all precipitate collected in
pits opened on their respective freeholds.

(8.) * The water issuing from the adit at Tresavean, often yields a copious

a Thomas, Cornwall Geol. Trans., v. p. 428. Henwood, Ibid, p. 433. Ants, p. 586.
b Ante, p. 588, ¢ Ante, p. 587, Note b. d Ante, p. 885.
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At Ballygahan precipitation has long been dis-
continued.

precipitate; though sometimes it dissolves the iron immersed in it, yet deposits
but little copper instead.a The precipitate contains from 010 to 0-30 its weight
of pure metal.” CaAPTAIN THOMAS BLAMEY, of Lanner near Redruth, MSS.

(9.) * Bxperiments have been made lately on the water which flows from the
adits of Dolcoath, Cook's-kitchen, Wheal Crofty,b and North Roskear,c but with
little success; nor, in fact, has any copper, worth notice, been observed in the
calcareous sand 4 through which it escapes into the sea at Gwithian,”

‘WiLLiax Cock VIviaN, Esq., of North Roskear, MSS.

(10.) *“ The following description of the process of cementation applies gene-
rally to the mines of the province of Huelva.¢ The ore is first calcined, in heaps,
varying in dimensions; a common measurement for the base of the truncated
pyramid is 12 metres by 7 metres [39'3 by 23:0 feet]; the usual height is about
1 metre [nearly 3-3 feet]; such a heap contains about 4,000 quintals [181 tons
Avoir.). The cost of calcination # % & , labour and fuel included, was, in
1869, 36 cents per quintal of ore, equal,to 1s. 73d. per ton. The time required
to complete the operation is from five to six months, The heaps are open to the
air, and have no covering of any sort. # % * The ore is said to lose about 20
per cent. of its weight in the operation of calcination.

¢ The calcined mineral is [conveyed] to the lixivation tanks, [which] are gene-
rally constructed of rough masonry, and lined with asphalte; their dimensions
vary considerably, but the most common size is 7 metres long by 41 wide and 1
deep [23:0 X 142 X 3:3 feet). They are two-thirds filled with ore, and con-
tain about 2,000 arrobas, say 23 tons nearly. The length of time the ore is
allowed to remain in the tanks varies in different establishments; it depends on
the quality of the ore, and the greater or less perfection of the calcination. At
Rio Tinto from seven to nine days usually suffice, but at La Chaparita twelve
days [are sometimes required]. The waters are drawn off and renewed as often
as necessary; the first water is saturated in two or three hours, the last is left
as many days,

¢ From the lixivation tanks the water, charged with ealts of iron and copper,
passes to those of cementation ; the latter being of nearly the same form and
dimensions as the former. In them are placed pieces of pig iron forming squares,

* During winter it is found necessary to agitate the water to accelerate the
precipitation of the copper, but during the hot season this is not much practised.

a Napler, London, Edin., § Dubdlin Phil. Mag., xxiv. pp. 365,—70, Ants, pp. 580—1.
b Pryce, Mincralogia Cornubiensis, p. 252.

¢ Thomas, Ante, p. 854, Note }

d Henwood (Pepper’s Play-bdook of the Metals), p. 275.

& Ante, pp. 543—6, '
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The vale of Ovoca was long celebrated for the

‘When the solution has been sufficiently impoverished it is drawn off into a third
tank, and left to deposit the subsalts of iron held in suspension; the resulting
precipitate is found to contain 10 per cent. of copper and a good deal of arsenic.
After the solution has been drawn off from the cementation tanks, the pigs of
iron are freed from the copper adhering to them, and the precipitate is collected.
This assays about 55 per cent. for copper, and varies from 50 to 60 per cent.

¢ The iron consumed in cementing at the Rio Tinto mines for the year 1869
was 2:17 to 1 of copper. .

¢ The quintal of calcined mineral costs for expenses of lixivation and ce-
mentation 1 real 72 c. or 4}d. nearly.” [7s. 93d. per ton Avoir.]

Tuoxas, Notes on the Mines of Rio Tinto, pp. 14—16; Mining and
Smelting Magazine, 1. p. 116,

(11.) “ At the Lucengia mines, near Valverde in the same Province, the mine-
water is passed through heaps of calcined ore on its way to the pits; in which a
precipitate, containing from 50 to 60 per cent. of copper, is obtained by the con-
sumption of four or five times its weight of pig-iron.”

The precipitate is, therefore, from 0-20 to 0°25 the weight of the iron consumed ;

» fine copper ” s 010 ,, 0416 » »” ” ;

” o » » 060 ,, 0°60 »»  Precipitate obtained.

FREDERICK Banxart, Esq,, of Langley Lodge, Herts, MS8,

(12.) Precipitation—established in Cuba by me during 1844—was carried on
at the Santiago 4 mines in a series of tanks and lawnders.

Bach of the first three tanks was 12 feet long, 6 feet wide, and 6 feet deep ;

v second three ,, ,, 12 ,, , ,6 , ,, ,and4 , , .

As the surface had but a slight slope, each tank was divided crosswise to within
a foot of the bottom, in order that the water might descend on one side of the
partition, ascend on the other; and, at length, pass off through launders, about
two feet in width, and a foot in depth.

In each compartment of every tank three or four wooden racks were laid with
wrought iron bars, and the launders were supplied with scraps of iron. The
weight, of both sorts, in use was maintained at about one hundred tons. The
water—in time of drought as little as ten,—during rain as much as one hundred
and fifty,—and on an average perhaps (3:2653 cubic feet) twenty, gallons per
minute—gfiltrated through heaps of (Aalvans) inferior ore, the refuse of several
previous years, on its way to the tanks. )

Bar-iron, direct from the Manufacturer,
extracted from water of good}about 1:2000 its weight of precipitate;
strength eecceccncrceenn.
of like quality, threw down
" from w(:ter oi"leu strength: »  its own weight
but small scrap, and rusty, iron, sepa- } 07770
rated from weaker solutions ..... ... ”

a ‘\nmd. Journal of the Geol. Soc., xil. pp. 144—53. Ante, p. 441, Tadle XIV.
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variety and beauty of its scenery; but the railway

The precipitate contained in but a single instance less than 0:7000 its weight of

fine copper;
» ” in another case as much as .... 0°8950 »” ’
OD 8D AVETBEE ....iceses-.ee 0:7500 » .

The me&n monthly returns of precxpnate were about five tons.
Jauzrs TRewesk, Esq., sometime Superintendent of the

N Royal Santiago Minn, MSS.
ow if
the quantity of water amounted to (20 gallons) 32653 cubic feet per minute,—
precipitate ,, ........ oo b° tons per month,—

and the precipnute yielded ...c.......c000s 07500 itsweightof fine copper;
the water must have afforded 0°00125297 its weight of precipitate,
& » » 000093973 » fine copper.

One pound of precipitate was, therefore, obtnhed} (12 cublc foet) 798 Ibs, (0-36 ton) of water ;

»” ﬂn. m ” ”» (17 ” )l'm ” (o ‘7 ” ) ”
this water must consequently have been more than five hundred times as rich in
copper as the stream of the Great (Gwennap) Adit is at present.a

(13.) “ When the Cobre® mines were in full work, they afforded from sixteen
to eighteen tons of rich precipitate per month for many years. * & # But
since underground operations have been confined (almost exclusively) to the
deep levels, where the ore consists altogether of hard compact copper pyrites,
the quantity of precipitate obtained has been much reduced; and, with the
present diminished scale of operations, it probably does not exceed five or six
tons per month, whilst the quality is very inferior,”—Joux PeTHERICK, Esq.,
F.G.8., Consulting Engineer of THR CoBrB MINING CoMPANY, MSS,

During 1854,—~5,—6, and 1864,— 5,— 6, respectively, the undermentioned
quantities and qualities of precipitated copper from the Cobre mine, were sold
at Swansea:—

Quaatity of Proportion of Fine Copper in Precipitate.
¥ Precipitate. A ~
ears Tons (Advoir.) |  Highest. Lowest. Mean,
1864 ............ 244 0-7737 06100 06891
S 235 07462 0-4500 06746
6 ..... eceans 193 0-7700 0-5300 0-6504
Total eceerenonens 672 — — —_
EXtremes sceceeee —_ 0-7737 0-4500 —_—
Mean ....ccc0c000 —-— —_ —_ 06736
1864 ceeecceraces 180 0-7226 0-3500 06298
[ JRPPPRRN 163 0-7100 04750 0-5628
[ J N 278 0-7500 03750 06300
Total cecececcocee 621 —_ —_ —
Extremes ...c.cc. —_— 0-7600 0-3500 —
Mean ........e000 — —_ —_ 06123

JorN WiLLiaus, Esq , Agent at Swansea for THE GOVERNOR AND COMPANY
or CorrEr MiNERS, MSS.

a Ante, p. 588. b Ante, p. 441, Table XIV.
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592

and mine-works have destroyed much of its surface

and poisoned most of its water.
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