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cies, which grow in cornfields, or meadows, on theroad
fide, and even on the fea fhore. The low lands are
covered with the fame fort of grals as the reft of
the country, and ferve for paflure to thofe numerous
herds of cattle for which the territory of Molina is fa-

mous.

Thefe obfervations occur in different kingdoms. The
mines of Sainte Marie, in France, are covered with
oak, fir, apple and pear, cherry and plumb. trees,
with good pafture and corn, in a foil, about two fect in
depth, covering the moft fulphurous arfenical rocks, of
filver, copper, and lead mines in Europe, where the very
veins are often fecen above ground. An equal ferti-
lity reigns near the mines of Clonfthal, on the moun-
tain of Hartz, belonging to Hanover, with excellent
paflure. The fame happens on thofe of Freyberg, in
Saxony, that are covered with barley, in June ; it be-
ing a fingular fight, to fee a body of people, reaping the
corn over the heads of a thoufand miners below, bufy
in digging out paffages, and blowing up rocks, full of
arfenic, and fulphur. Some mines, without doubt, are
found under bare rocks, though this barrennefs does not
proceed from any mineral vapour, but from different
caufes, and chiefly, that, moifture, heat, and cold, have
more power on fome rocks, than over others. This is the
cale with the great mountain of Rammelfberg, at the foot

Ccae of
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of which ftands the imperial city of Goflar, fo famous
for its filver mines, where the Ioofened ftone may be ob-
{erved to crumble away, and be covered with mofs, and
verdure : infomuch that though the period is not yet ar-
rived, for its entire decompolfition, foon, or l'ate, it will
happen, and be covered with grafs, in the fame manner
as the mountain of Hartz is at prefent.

#& About a quarter of a league from the city of Molina, there is a fpring whofe swaters have
2 fmell like rotten eggs, from being impregnated with [ulphurandalkali: thofe who have ana-
lyzed them, .aflure us, that they are of the fame naturewith the fprings uear Gibraliar, and the
waters of Cotteréts, in France, and equally ufeful in cutaneous complaints. The river Gallo
abounds in falmon trout, from half a pound to four pounds weight. About a quarter of a
league from the town, the river contains a fine white earth mixed in its waters, shich incrufls
the earth and fuch plants as it touches, with a limy fubftance, though the water appears clear
and limpid,

LETTER
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SR A ERY R ITXRL;
The fource of the Tagus and ils environs deferibed.

N going from Molina de Aragon, to the weltward,
you crofs over mountains filled with petrifations,
which appearance lafts for two or three leagues. At the
third league there is a falt fpring which ferves the peo-
ple of Molina. The afcent is continual, through a wood
of fir, and over mountains, till you reach the village of
Peralejos on the banks of the golden Tagus, fo often
fung by the poets, fo'frequently extolled by hiftorians.

At Peralejos, the Tagus is only fifteen paces wide, and
one foot deep. The petrifadtions are obferved again in
the village, and the river runs through a narrow channel
it has made for itfelf, between two lofty mountains
of marble, perpendicularly flitted near a hundred feet
high, - Each mountain is a folid block, without either
horizontal, or perpendicular fiffure, if we except thofe
cafual crevices, occafioned by the enormous pieces which
‘now and then detach themfelves, and roll down to the
banks of the river. Such as have tumbled down on the

\ fouth
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fouth fide, have crumbled into good earth, and as the
water filters through them, the {oil 1s fertile, covered with
grafs, and diffetent plants, fuch as purging buckthorn,
{ervice, Spanifh cherry, black briony, agrimony, pimpinel
or common anife, and butterwort {fweating drops of water.
The oppofite mountain is bare, without moifture, carth,
plant, or mofs, being a ftupendous rock refting on a bed
of marble, mixed with white gypfum, veined with red,
and prifmatical fellated fpots.. g -

About. three quarters of a league to. the fouthward of
Peralejos, you meet the higheft hill in thofe parts called
Sierra Blanca ; its top is capped with: calcareous rock, its
body of white ftone not calcareous, decompofed in the
fame manner as the formes, with veins of imperfect jet,
of .the thicknefs of one’s finger, with. foft grainy pyrites ()
of the colour and odour of thofe found in the clays of
Paris. "Veinsof bituminous wood extend from a finger to
a foot in thicknefs, and centain pieces of jet, as large as
one’s head, others: lefs, but always with: vitriolic pyrites,,

(a) Pyrites is a mineral Tefembling the true ores of metals in te fubftance of which it is
compofed, in fits colour or luftre, in its great weight, and laflly, in the parts of the earth in:
which it is found, fince it almoft always accompanies ores. From the property of flriking;
fparks from fteel, they have been called Pyrites; which is a Greek word fignifying fire-flone ;-
they were formerly ufed: for fire-arms as we now ufe flints, hence it was called carabipe flone,.
fiill by fome marcafite. Perhaps no other kind of. natural body has had fo many appella-
tions. Perfons curious to know the other names lefs ufed, may find them in Henckell's
Pyritologia; we think with that celebrated chemift, that the fubje® has been perplexed: by:

this multiplicity of names, for before his great and excellent work, the notions concerning

Pyrites were very confuled and inaccurate.-—-Didlionary of chemiltry.
difperfed
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difperfed in the very fubflance, and interftices of the
jet. It feems clearly to be wood, as fome pieces have
fill the bark on, exhibiting the knots, fibres, and other
parts, with little alteration, ftill preferving their ligne-
‘ous original, ‘mixed with that, which compofes the true
and folid jet. What is ftill more extraordinary, veins
of a lead mine are likewife found in it, following the
oblique, or direc crevices of the wood, while other
‘veins of lead traverfe its fibres, in a perpendicular line,
as well as horizontally, and fome fmall lumps are fixed
in the very fubftance of the wood. In a word, the
four principal orders in mines, may be obferved here
in a fmall compafs, as it were in miniature, viz. perpen-
dicular veins, crofs veins, ftrata, and mafles. Thefe
veins are the more extraordinary, if we confider the man-
ner in which the metal muft have introduced itfelf into
‘the timber, for it cannot be faid to have made its way
through the pores, when the lead was in a fluid ftate, be-
caufe pieces of wood are found, whofe exterior pafts do
mnot fhew the lealt particle of lead, yet on breaking
them, fome portion of this mineral is difcovered within,
which could only introduce itfelf there, when the fap
firt formed the wood. The country people in the
‘neighbourhood burn this wood, and make fhot of the
‘lead, that runs from it, which ferves to kill hares, par-
‘tridges, and other kinds of game, with which the coun-
try abounds, The fource of the Tagus is about a league

from
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fror the hill of Sierra Blanca, in the higheft fituation 6f
Spain, for the waters of this river rin down to theocean,
and thofe of the Guadalaviar whofe fource is contiguous,
fall into the Mediterran¢an: The waters called Fegas
del Tajo, are at a league and a half from hence; in a
valley, formed by the river, which has its {ouice in a co-
pious {pring; called Fuente de la Abrega. - This brook, for
here it defervés no bettet appellation, meanders fo often,
that it muft be croffed four times i the {pace of half a
league. Many have thought the fouice of th¢ Tagus was
at Fuente Garcia, which is five leagues higher up, but
Mr. Bowles affures us to the contrary, adding, that Fuente
Garcia is a trifling {pring, which he covered with his hat,
béi'ng no more, than a fmall quantity of watér; collected:
in the trunk of a hollow tree, placed there to hold what
iffies from a puddle of farding water, which three paces
further, lofes itfelf in the adjacent valley, without a drép
of it reaching the Tagus.

Half a league from Fuente Garcia, there is a falt fpring
which fupplies the town of Albarracin, and eighteen vil-
lages ‘in its jurifdiction, with falt. The country from
hence to the true fource of the Tagus, is an elevated
plain, rather uneven, with a good carpet of grafs, and a
great many brambles, whofe berries afford an ample re-
paft for the black birds, It isalfo well ftocked with ‘that
tree called in Spain Cedro Hifpanico, the juniper thunifera

of
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of Linnzeus, a tall ftout tree, with berries like the i juniper
tree of the large fort(s). The fnow remains on the
ground in thefe cold regions, until June, and the coun-
try is a continued chain of hills, known by the name of
the Sierra, replete with various fingularities. From Pe-
ralejos hither, different petrifactions are found, fome-
times in the rock, and at others in the earth. If the fea
depofited them there, it will be difficult to explain how
this fhould have happened in the higheft fituation in
Spain.

To return to the Tagus: this noble river paffes by the
royal palace of Aranjuez, the city of Toledo, Almaraz,
and Alcantara in Eftremadura ; then enters Portugal, at
Abrantes, and rolls its waters with dignity into the ocean
at Lifbon. Philip the fecond opened the navigation of
this river ; the firlt boat difpatched by his majefty, arriv-
ed at Aranjuez, from Lifbon, on the 1gth of January,
1582, and then returned to Toledo, to proceed down the
river again (0) ; but fucceflive events, and an alteration

(a) The juniper thurifera, or Spanifh juniper, is an evergreen, little known out of Spain,
though it might be of much ufe; it grows very high, and is fimilar to the juniper tree, we
have in England, but the berries are larger than thofe of the fpecies we have. I was informed
in Spain, by a gentleman to whom [ am indebted for many communications in the courfe of
this work, that Dr. Ortega, who has vifited this country, had affured him, we have it not in
Enaland; probably the climate of Spain is more favourable for its growth, Mr, Bowles calls
this tree Cedro Hifpanico, but makes it f[ynonymous with another tree, by faying Cedro Hifpa-

nico o Alerce, whereas the Alerce is the pinus larix of Linnzus.

1) Dichos y hechos de Don Philipe 240 por Balthalar Porreno,  Madrid, 1748.

Dd of
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of dominion under Philip the fourth, put a final period

to thefe improvements. The antient poets have been -

lavith in their praifes of the Tagus ; Silius Italicus, fays,

“ Ore excellentem et fpeCtatum fortibus aufis
Antiqua de flirpe Tagum, fuperumque hominumque
Immemor.”

Faria de Soufa, in his hiftory of Portugal, relates, that
king Dennis made a rich crown and {cepter with the gold
found in the bed of this river. Many people are ftill
employed near Toledo, in thefe refearches, after floods,

and have collected a great number of gold coins and

trinkets (2) ; though Don Antonio Ponz infinuates, that
he looked in vain there for gold fand, and feems to think,,

that enough of it, had never been found to purchafe a

pair of pigeons in the market.

() Many of thefe curiofities had been colle@ted by Don Francifco Santiago Palomares, of

Toledo, who dying in 1775, his library and cabinet was purchafed by his excellency Don.

Francifco Lorenzana, and prefented to the public library, lately ere@ted in that city. Ano-
ther fimilar colledtion was left by Don Juan Antonio de las Infantas, dean of Toledo, to the

college of St. Ildefonfo, at Alcala,-~Viage de Efpana, por Don Antonio Ponz, fegimda edi~.

cion. Madrid, 1776.

LETTER
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i Al bl il XXIIT.

Mine of Colbalt, in the valley of Giftau, in the Pyrences of Aragon (a).

VHE valley of Giftau is almoft on the fummit of the
Pyrences, for very near it, at E/ Hyfpitalet, the
waters of France and Spain divide. The river Cinca
has its {fource here, and, pafling by Plan, falls into a gul-
ly, two hundred feet broad, between two rocks, pers
pendicularly open, above a thoufand feet high, and then
pafles on to the Ebro, which it enters at the loweft part
of Aragon. Thele two rocks are like walls, where one
plainly perceives the waters have forced a paflage through,
as the different coloured firata of ftone, are fimilar, and
exaltly oppofite to each other, on both fides.

. L
(¢) The kingdom of Aragon was formerly united to that of Navarre, and continued fo

till 1203, whén Sancho the Great; who had married the heirefs of the county of Caflile,
divided his dominions ambugft his children. Garcias, the eldeft, had Navarre, Ferdinand had
Caftile ereted into akingdom, and united to that of Leon, by miarriage with Sancha, only
daughter and heirefs of Bermudo, laft king of Leon. Gonfalve had Sabrarve and other ter-
ritotics, and to Ramiro, hLis natural fon; he gave the kingdom of Aragonm, with the con-
fent of the queen, in recompenfe for his bravery, in offering to fupport her'innocence by
fingle combar., againft the king's fons, who had charged herwith incontinency ; the falfity of
which accufation, was difcovered by a monk, who revealed their confeffion to the king, on
which the queen’s innocence was proclaimed, and thé combat laid afide, as is fully related by

Roderic Archbifhop of Toledo.--** Roderici Tolctani de Reb. Hifp. Lib. v. chap. sxv.

Dd2 The
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The mountain of Plan is of an extraordinary height,
made up of five or {ix hills, piled one upon another,
whole divifions are in proportion to the more or lefs re-
fiftance of the rocks, and the quantities of earth brought
down by the rains, or high winds. In the month of
June I went into France, through the valley of Aure (),
exploring my way over thofe craggy hills which had then
above five feet of fnow. There are a great many bears,
as well as roe-bucks, which are hunted by the people of
the country, and now and then they meet with the linx.
The mutton is excellent. I bought a fheep for a dollar,
(3s. 6d.) and had it drefled with chenopodium pirenacum,
“ wild fpinnage” which is found in great plenty on thefe
hills, where I fhivered with cold, in the dog days, and
faw a great many white partridges, but not a fingle fly.

There are three lead mines and one of copper, in the
neighbourhoed of Plan, and a good iron mine at Bielfa,
which is worked with much judgment: alfo much lime
rock, and gypfum, as white as fgow, and large lumps of
grey granite, difperfed in the bed of the river Cinca,
where there is no fand, but ftones of this kind, from the
largeft to the moft diminutive fize. One likewife finds
grit ftone of the fame grain and colour, as that on
the mountain of Elizondo in Navarre, and a great deal
of milltone ; the beft of thefe are generally at the top

(@) This is Mr. Bowles’s itinerary, which is preferved entire in the courfe of this Jetter.

of
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of the mountain, being the hardeft and molt compad,
better even than thofe in the centre. One fhould always
prefer thofe with vifible, and deep pores, and {mall cavi-
ties, as the'heat arifing from the friction, is by this means
difperfed over the whole mafs. This is the fort found
at Giftau.  Thofe that are fmooth grained, generate too
much heat, which has an effe® on the flour. The foft
ones are the worlt of all, requiring conftant repairs,
and foon wear out, beflides ‘the inconvenience of ren-
dering the bread gritty.

Having made fome experiments at Plan, on fome lead
ore, I found ina flaty mountain, called Sahun, I difco-
vered it to be mixed with white fpar, and fo abundant
and eafy to fufe, that it left fifty pound of lead per quin-
tal, notwithftanding that the plane had not a fufficient
declivity, for the metal to run off, as it.ought to do.

The environs of Plan abound in fir, oak, and beech,
of which they make charcoal for the mines ; and here
one finds that extraordinary mine of Cobalt (4), which

(a) Ores of cobalt refemble thofe of antimony; their furface is almoft always covered with
an efflorefcence, of a dingy fcarlet: Thele ores contain a good deal of arlenic, and it is from
them that arfenic is ufually got ;. they allo frequently contain a portion.of bifmuth. Thofe
which contain. cobalt alone, are very rare : Cobalt mines bring in a confiderable revenue to

Saxony, where the ores. are worked with a good deal of intclligence,------Beaume manual

of Chemiftry:

% In the year 1755, Mr. Bowles was ordered, by the court of Spain, to attend his Excel-
lency Don Jofeph Auguftine de Llano, to the manufaltare of Zaffre, at Gingemback, in the
Black Foreft, in Germany.

' has
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has not its equal in Europe, except that famous one
at Shoenberg, in Saxony," for whatever is found in
other places is mixed in arfenical veins of lead, or fil-
ver, and in fuch {mall quantities as not to deferve any
particular notice. I fhall now relate the particular cir-
cumftances I was informed of, concerning this famous
mine at Giftau. '

At the beginning of this century, a perfon having
obferved, that fome ftone, found in a fteep mountain, fi-
tuated to the North Eaft of that, of Plan, was more
ﬁcavy than ufwal, 1t induced him to fufpect, it might be
filver ore, on which he repaired to Zaragcffa, and thew-
ed it to a perfon converfant in mines ; but after vatious
« fruitlefs effays, no filver was found ; at laft they difco-
vered it to be a mine of cobalt, and fonie fpecimens of
it were fent to the manufa@urers of Zaffre, in Germa-
ny, where, finding it, on trial, to be good, they deter-
mined to get pofleffion of it, without apprifing the Spa-
niards of its value, To carry on this fcheme the bet-
ter, a German was fent into Spain, to conclude this
bufinefs with the fimple Aragonian, and it was agreed
upon, between them, that the Spaniard fhould petition
his court for a grant of the mines of the valley of Giftau,
on ceding to the king, a certain quantity of lead, yearly,
at a low price ; on which condition the orant was eafily
obtained ; none lufpecting that thefe mines contained

any

-
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any other mineral. - A private agreement was further
entered into,: between ‘the German and the Spaniard,
that the latter thould yield to the former, all the cobalt
they might get out of the mine, at the price of thirty-
five pefetas per quintal, grofs weight (a).

The people of Aragon, underftanding little of mines,
Germans were fent for, and 'they begun to extradt the
cobalt, ' which they found about half way in the moun-
tain, on whofe fummit there was another ininc, called
after Philip the 1Vth, perhaps from its having been ' at-
tempted in his reign, though I do not know what ore
it contained, but fufpect it to have been cobalt ; which,
not being much known, at that time, nor its ufes in
commerce (4), was foon after abandoned, no{ilver ap-
pearing, which, was probably their object; but I am
furprized they fhould have filled it up again, when
they left the other mines of copper, and lead, open,
which are in the very fame place.

(@) A pifeta, or piftreen, is a filver coin, worth about ten-pence flerling.

(¢) This ignorance of the value of cobalt is not peculiar tothe Spaniards; the fame happened
in Germany, where we are informed, that, for want of a fufficient knowledge of mineralogical
fcience, quantities of rich ores,and foffile fubftances, have been formerly thrown away amidft
the rubbifh. There is fcarce a mining country, in which they bave not, fome time or other,
paved their highways with ftones, and rocks of value; Iknow, from very reputable autlio-
rity, (fays a German writer) that, this was formerly the cafe of the cobalt ores in Hifle, which
at prelent, produce an annual revenue of about f14000. flerling, clear of all expences.
¢ Rafpe’s preface to his Englifh tranflation of Baron Born's travels through the Bannat of

_ Temefwar, Tranfylvania, and Hungary, in 1770. London 1777.

The
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The Germans, for a long time, got out of this mine,
about five or fix hundred quintals per annum, fent it
from Plan to Touloufe, where it was embarked on the
canal of Languedoc, and then by Lyons and Strafburg,
forwarded to their own manufactures. After they had,
in a manner deflowered the mine, and got as much ore
as they could eafily extract, it was probably no longer
-an objed of intereft, and then they abandoned it, which
happened a few ycars before [ arrived there, in 1753.

Impatient to vifit this mine, I went to it immediately
on my arrival at Plan, and found many fhafts in all that
part of the mountain, for as cobalt does not run ufual-
ly in veins, the Germans had tried different places,
wherever they thought they could get it moft readily.
On examining thele fhafts, I found feveral pieces of good
cobalt, of a finer grain, and the blueifh grey colour,
lighter, than that of Saxony. I cannot give an idea of
it,to thofe who have not feen it, norteach them, to diftin-
guifh it from other metals, of the fame colour,as without
ocular infpedtion, explanations are to very little purpofe ;
however, I fhall juft add, that moft of the lumps of co-
balt T found here, were contiguous to a kind of hard
flate,as gloffy as if they were varnithed, with fpots, of the
colour of adried rofe, without touching the cobalt, though
it was as much expofed to the moifture as the {late : nor
have thefe rofe coloured fpots, either grown livelier, or

paler,
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paler, during the many years I have had them in my ca-
binet.  Thefe fpotted plates may ferve as a dire&ion to
fuch as are employed in- fearch of this mineral ; for my
part, I could not make any further obfervations with ex-
' altnels, as the exclufive charter was ftill in force, and
they watched my motions with jealoufy, therefore was:
obliged to-be fatisfied' with the obfervations I had made,
without excavations, and quitted Spain about that time..

~ Should the Spaniards ever think ferioufly of Co=
balt, as it exilts in this mountain, and probably in.
other parts of the kingdom; as well as in America, T thall
add the following dire&ions forits difcovery, not'intend*
ing it for the ufe of chemifls by profeffion, who are not
in any need of it; but only for miners, who have never
feen any Cobalt, or for fuch, who, having no judgment
in ores, conclude that all matter which is weighty, and
yellow, mult certainly contain gold, filver, or other:
precious metals..

If the heavy grey flone which. they find, is united
with the glofly black flate abovementioned, there is no
doubt, but that it is cobalt,. of which that flate is the
blend: If the ftone is-quite detached from the flate, draw.
lines on it with 2 pointed iron, and if the lines appear to
be black, it:is a ftrong indication: of. its- being: cobalt:
for greater fccurity, break. the flone,. and reduce it in=

Ee to
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to powder, put it into a thin glafs phial, for the -thin-
ner it is, the lefs liable to break; then place it in an
iron veflel, filled with fand, fo that the neck of the phial
may be open, and the bottom not in contact, with
that, of the veflel, then put it into a common kitchen
oven: all the arfenic will evaporate at the neck of the
phial, and the cobalt will be purified. After this pro-
cefs, it fill preferves its grey colour, and, mixed with
fand, and the afhes of foda and barrilla, is what the
Saxons call zaffre ; this mixture is made, becaufe fand
and quartz, are infufible, without theafliftance of barrilla,
or fixed alkali; but with it, they foon vitrify, and com-
municate the fame property to the cobalt. If this zaffre
is melted with a vitreous fritt, it changes into a blue glafs,
called finalt, when in mafles, and azure, or enamel blue, when
reduced into a fine powder, ufed by painters, for that
beautiful blue on porcelain, andin other manufactures (a).

In the effays made on Spanifh cobalt, in Germany, it
appeared to be entirely free from foreign matter, and fc

(@) Mr. Bowles in a vote finds fault with the Encyclopedie, and other writers on chemilftry.
for faying, that the cobalt and zaffre of the Eaft, are nearly exhaufled, and that we have ne
foundation for fuch an aflertion, and ought rather to apply the inferiority of their modern co-
louring, to their craft, on finding us fo ealily fatisfied: But the principal reafon given by
thefe writers, is, on account of the confiderable quantity of zaffre and fmalt now exported from
Europe to China, which Mr. Bowles takes no notice of. Zaffre has been thought of fuc!
ufe in England, thatthe fociety for the encouragement of arts, manufatures and commere:
promifed in 1755, a premium of gol. for making the molt and beft zaffre, and fmalt from Eng-
lith cobalt, not lefs than 51b. weight of zaffre, and 15Ib. of fmalt to be produced before the
fociety, with fatisfactory certificates,

rich
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rich, of the blue colouring earth, that it imbibed three
or four times more fand or quartz, than, that of Saxony.
About the year 1746, it was a great fafhion, in Paris, to
make {fympathetic ink. I fet about making of it, as well -
as the reft, and gave nine livres () for a pound of Spa-
nifh cobalt, with which I made my ink, which was more
efteemed, than any they had feen, the green colour being
much more lively, than if made with the cobalt of Sax-
ony. The Spanifh mineral has not even the grey coléur
of the Saxon, but is blue, like melted lead, infomuch
thatinfeveralmanufatures, and particularly that of Count
Aranda for delf-ware, at Alcora, in Valencia ; they ufe it
without any other preparation than pulverifing the ftone,
as itis taken out of the mine, and with this blue powder
in its natural ftate, they paint the ware without further
procels (4). '
(4) Aboat feven fillings and fix-pence feling.

(b) Cobalt has heen found in Cornwall and Scotland, and probably in other parts of Eu-
rope, of various colours and hues, mixed with different [ubftances, which mineralifts have
fully defcribed, particularly Cronfied. Wallerius enumerates {ix different fpecies there-
of. If well calcined cobalt be treated with inflammable matter, and fluxed like - other me-
tallic calzes, it will be reduced to a femi-metal, called by Mr. Brandt, of the Swedifh academy,
who firft produced it, regulus of cobalt. This regulus, and alfo the calx of cobalt, amongft
other fingular properties, makes fympathetic ink, by being diflolved in aqua regia. This ink
may be applied to the drawing of landfcapes, in which the ground and trees are deftitute of
verdure, being firlt drawn with Indian ink, giving an appearance of winter; but thofe parts.
covered with this preparation, refemble the {pring, on being expofed to a gentle heat, when
the green leavesappear on the trees, and the grafs in the fields, which idea has been executed
in France by an ingenious artift on a fire-fcreeny and as a folution of regulus of cobalt, or of
zaffre, in fpirits of wine, acquires a reddith colour by application of heat, more variety may
flill be introduced in the landfcape, and fruits and flowers fuddenly brought out, by the red
folution, at the fame time that the leaves and verduare appeared with the green.——Did. of
chemifiry,

Ee3 LETTER
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O Ly S il gy XXIV.

Obfervations on alum, with fome account of an alum mine near the town
of Adlcaniz, in the kingdom of Aragon.

HE method of refining alum, feems at prefent to
be totally neglected in Spain, though they'have
accounts of fuch works having been formerly carried on,
particularly near Carthagena, of which nothing remains
but the name of the village, which is Aumbre, the Spanifh
word for alum ; but, fuppofing them to have been once
acquainted with this procefs, they have now entirely loft
it ; and notwithftanding they have fo rich a mine of it
“in the kingdom of Aragon, near the town of Alcaniz,
belonging to the knights of Calatrava; yet the people of
the country content themfelves with digging it out of
the earth, and felling it to the French in its primitive
flate, who refine it, and then fend it back to ihe Spani-
ards, to be fold to the dyers at a confiderable profit.

Chemifts know very well, that the vitriolic acid is dif-
perfed in moft bodies all over the world, and is ex-
traled out of 'many of them for fale, particularly from
{ulphur. Every body knows, that, alum is a cryRallizable
falt, compofed of vitriolic acid, united with a white argil-
laceous earth, which many have taken for the refiduum

of
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«of burned plants, and in fupport of their opinion, men-
tion Italy, as an inftance, where the moft alum is found ;
being a country formed by volcanos, as appears from the
number- of its ‘calcined ftones, fulphurs, pumice, and
lavas, and thus attribute the origin of alum to fire, like
that of fal-ammoniac : without adopting or refuting any
particular {yftems, I fhall only add, that the alum of Al-
caniz, 1s found in a low fwampy and blackifh foil.

The argillaceous earth, of which alum confifts, is weak-
Iy united to the vitriolic acid, for the faltof tartar, liquid, -
or folid, volatile alkali, falt of foda, calcareous'earth, &c.
diffolved in water with alum, eje the clay from the vi
triolic acid, and fubftitute themfelves in their lieu, form-
ing new falts, more cryftalline, whiter, harder, and drier,
than alum itfelf, but experience teaches, that they are of
no ufe in the dye-houfe, as the clay only, has the power
of fixing the colouring particles, and giving them that
brilliancy fo pleafing to the eye ; for when it is mixed with
any of the other above-mentioned matters, the water
grows turbid, the clay precipitates, and becomes vifible,
the other foreign earth taking its place; for which rea-
fon, the purer the alum, and the lefs impregnated with
other bodies, it is the more proper for the dyer, and ren-
ders the colour more gloffy and lively.

The alum of Aragon has the advantage of being en-

tirely free from' any foreign matter ; confequently is the
beft
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beft for every purpofe, fuperior even to that of Rome,
and only requires to be cleanfed from calual impurities,
Its falt is found already formed, in the earth like nitre,
and other common falts, in the nitreous and calcareous
earths of Spain ; nothing more being neceflary to refine
it, than a fimple lixivation, to filter, and clear it from the
impurities of the earth.

This lixivium is put into boilers, and evaporated over
the fire, till a thin fcum appears on its furface, like a
cobweb; the liquor is then run off into other veflels,
wheré; «as it cools, it cryftallifes into larger or fmall
mafles, the form being of no manner of confequence.

After this is performed, to fave the falt ftill diffolv-
ed in the remaining liquor, they fprinkle this liquor
over the earth, prepared for the lixivium, by which
means, none of the alum is loft. Perhaps if the earth
which has gone through this procefs, was to be heap-
ed up, in the fame manner as that, out of which
they get faltpetre, it might again produce a frefh ftock of
alum, by fome interior labour of nature, with the affift-
ance of water, and air, for the kingdom of Aragon a-
bounds with nitrous foil, from whence they get excellent
faltpetre, as is evident by the gunpowder of Villa Feliche,
the moft famous in Spain. If any of thefe workmen
would fet about making experiments, in this manner,
with alumineous earth, fhould it happen to fucceed, it

would
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would be of great fervice to the people of Alcaniz, who
are at prefent in a ftarving condition. I fhall not enter
further into the ‘properties of alum, which have been
fully defcribed, by chemical writers, particularly Mr.
Maquer, in a memoir read at the academy of l‘cmnces,
in 1762, and fuch as are defirous to be fully informed
of the nature of thele works, will find in the memoirs
of the French academy of {ciences, for 1750, a delcrip-
tion of the famous alum works of Solfatara, in the king-
dom of Naples, by the Abbe Nollet : thofe of Tolfa, near
Civita-vecchia, .in the* Roman ﬂatf_:, have been accu-
rately defcribed by the Abbe Mazeas, in the fifth volume
of memoirs of foreign members of the fame academy.
And with refped to the fubje& at large, Mr. Monet, in
his treatife De Ja alunation, has colleCted every neceffa-
1y information for a perfet knowledge of the fubje& :
an object of confequence to a commercial people, and
has always been attended to, by enlightened nations.
England, Sweden, Flanders and Italy, are the coun-
tries where alum is principally found ; to fay nothing of
its ule in medicine, I fhall only add, that it is fo mate-
rial an ingredient in commerce, for dying and colour-
ing, that without its affilftance, neither of thefe branch-
es can be tolerably performed, it being as ferviceable

and neceflary upon fluffs, as gum water and glutinous
oil are in painting.

LETTER
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LETTER XXV.

,Remarkat‘f.le depofitory. of foffil bones, feen near the village of Concud,
in Ar agﬂn'. .

FP\HE village of Concud is about a league diftant from
the city of Teruel, in the kingdom of Aragon,
fituated on a hill of calcareous rock, degenerated into:
hard earth; and though it now appears very uneven, it
feems to have been formerly rock which the rains have
deftroyed by degrees, in proportion to its greater or lefs.
refiftance.  Going out of the village of Concud, to-
wards the North, you afcend three fmall hills, and then
come to the Cueba Rubia, *“The Red Cave,” fo called:
from a fpecies of red earth, which the waters of a gul-
ly have laid open. This hill is about two hundred paces
long, thirty broad, and eighty in. depth, The top of
the hill is of calcareous rock, more or lefs hard, in
firata, of two or three feet breadth, full of terreftrial
and aquatic fhells, whick appear to be calcined. In.
the centre of the fame rocks, there are bones of oxen
and horfes, affes teeth, and other bones of lefler domef-
tic animals. Many .of thefe bones feem preferved imn
the fame flate as thofe found in cemeteries . others {cem
calcined ;
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5
calcined; fome are folid ; and other Torts. ire pu‘i‘vc-
rized. . The thigh and fhin bones of the humah race are
feen with their cavities full of a cryfalline' matter. - The

hiorns of cattle are mixed with thefe, and other: bones of

different articulations, white, yellow, and black, con-
fufedly jumbled together, in fome places there being

. feven or eight fhin bones of men, without thc leaft regu-

ldru:y or order.

‘Thefe bones are generally found in'a bed of "roc'k'about’

three feet thick, decompofed, and almoft converted into
‘earth, with 2 frata of {uperincumbent flone, from fif

teen ‘to twenty feet ‘thick, which ferves 'as a cover to
the hill, the bed which contains the bones, refts upor
a mafs of red earth, and rounded limeflone conglu-
tinated with fand not unlike pudding-ftone. A fimilat
congeries 1s {een at the bottom of ‘the gully, and the
adjacent hills are of plafter-fione. On ‘the other fide
of the gully, and near it, there is a cave blacken-
ed by the fires of fhepherds, where there are bones,
in'a bed of hard earth, above fixty feet high, covered
with different firata of rock, cotrefponding exactly with
thofe on the other fide ; which fthews that, what may
have been carried away by the waters, was cxactly the
fame as the mals that remains. The chain of hills
at this place, five leagues from Abbarracin, and eight
from the' fource of the Tagus, produces the thorny

Ff reft-
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reftharrow (4), two fpecies of wormwood, two of fan-
toline, fouthernwood, French lavender, eryngo, fage,
and thyme, and wherever they dig, bones, as well as
aquatic and terreftrial fhells, are found, in maffes of
hard rock, four feet broad, and eight long ; {ome firm-
ly fixed and rivetted therein, with fo hard and fmooth
a grain, as to admit of polifhing like marble. At a
mufket {hot from the gully, there is a hill of rock, which
is crumbling into earth, where an infinite number of
bones and teeth is found, at two feet depth, but no
further. In fome places, the offified fubftance is en-
tirely decayed, nothing remaining but the impreflion
of the bones on the ftone, in the {fame manner as it fre-
quently happens with fhells. The finding of thefe
bones in hard rocks, and in fuch different gradations
or converfions into earth, of various forts, and colours,
all difpofed in regular firata, indicates a decompofition
and recompolfition, fo that the hills in reality confift only -
of two beds, one of limeftone, divided into different
ftrata, and the other of fmall rounded ftone, confoli-
dated with {and and calcareous earth. In this latter part
there are no bones, nor fhells, which are only to be

() Ononis fpinofa. Linn. Therny reftharrow. Notwithftanding Linnzus makes the
thorny refthartow only a variety .of the other, and, from the oblervations of Lafling, in
the Flora Pruffica, fays it becomes thorny in the autumn; yet with us they feem to be a dif
ferent' fpecics 5 they are feldom found together, and the corn reftharrow, without thorns,
hath never been obferved to become thorny. The fmooth fort is fometimes pickled as fam-

phire. A decodlion of the roots has been recommended in cafes of flone and jaundice.---

Dr. Withering's botanical arrangement, vol, 2d, page 444

found
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found in the firlt divifion, the variety of colours being
purely accidental.

Itis asfingular to find fhells, not petrified, in thefe rocks,
as to meet with them, petrified, or the impreflions of
them, near Teruel ; but it is ftill more furprifing to find
rocks almoft entirely compofed of aquatic and terreftrial
thells, confufedly huddled together, and mixed with fmall
bones, in a thin bed of blackifh earth, beneath other beds
of rock, and yet not to meetwith fuch bones in any other
part, either higher or lower, fometimes above fifty feet

deep.

- They tell you of an entire {keleton having been difco-
vered, but this is much to be doubted, for though many
bones are white, and well preferved, none are found
that correfpond, or belong to each other, in that whole
range of extenfive offification. Thefe bones muft have
been feparated from their refpective parts, by fome acci-
dent difficult tobe accounted for at prefent: according to
their aCtual pofition one would imagine them to have
been conveyed there,by fome fluid, either water, or mud :
fome feem to have {lided horizontally from thirty, to {ixty
feet, which deftroys all ideas of an earthquake ; others
have fluck falt in a bed of mud, about two feet from the
furface, which by degrees has hardened in the air, others

have remained on the furface, and turned into lime-
Ffo _ ftone;
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flone; finally, many  fragments of bones and fhells;
mixed in this mud, have dried up, and become the moft
confiderable part of the rock.

For many leagues round, the rocks are merely fu-
perficial, having always underneath, either foft earth,
gypleous, or detached ftones, cemented with other
matter, which accounts for the facility, with'which the
waters form {o'many gullies, and little flat hills, as are
feen in different parts of this cdun.try. It i5 probable, .
however, that thofe beds of earth were not {o foft for-
merly, otherwife the waters would have made greater ra-
vages, than they aCtually have done ; though at prefent
the' deftruction is great: there being many living wit-
neffes, who recollect the aftonifthing progrefs of fome of
thefe gullies, as well as the commencement of others,

which at prefent are fmall, but may one day acquire a
confiderable depth (a).

(a) Thele rocks at Concud feem to contain bones, fimilar to thofe, found in the rock of
Gibraltar, large picces of which being examined by the beft anatomifls in England, no human
bones were difcovered, and they were fuppoled to be bones of theep ; many of them were filled
with cryflallized matter. Tt would be an objed& of no fmall curiolity to afcertain, if poffible,
what animals thefe bonesof Concud did once belong to.

Some large bones, fuppofed to be of elephants, were found in 1778, upon throwing up
the new road near the gate of Toledo, at Madrid, and an account of them was inferted in
their gazette ; they'are now placed in the royal cabinet of natural hiflory at Madrid.

. See a carious account of fome fofil bones dilcovered in the illands of Cherfo, and
Olero, by .thc abate Fortis, in his travels into Dalmatia, tranflated from the Italian. Lon-
don, 1778, 4to. \ :

Dr. Mefny, phyfician to the military hofpital at Florence, has lately publifhed a treatife on
fome bones found on the banks of the Arno, in Tulcany, which are thought to be the bones

Objections
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- Objedtions: perhaps may be-flarted; to what has beeu
offered,-relating to the decompofition and recompolfition
.of matter, and fome may even allege, that fuch bodies
- were always, one, and the fame, which is contrary o expe-
rience,and oculat demonftration, In fuchcale, theywould
find - themfelves obliged to allow thit minerals, fpatsy
cryltals, &c. do not form arew, and that there is no fuch
event in nature, as decompofition and recompofition :
A principle not to be fupported by any found arguments.
We need only open our eyes, and examine thofe enor-
mous oyfter fhells, feen on the furface of the earth, be-
tween Murcia and Mula, where the foil evidently ap-
pears, to be formed by the reducion of lime rock, in-
to calcareous earth, thefe fhells having faftened them-
felves there, when that matter was in 2 muddy or dif-
folved ftate, and become afterwards calcareous earth ; it
being evident, they were not always in the ftate they
arein at prefent. Let us then fuppofe, this earth to have
hardened in'the coutfe of time, which is not imptoba-
ble, and to form rock or gtanite ; who will deny, that a
decompofition, and recompofition muft have happened?
It 1s not poffible indeed to produce witnefles of the fa@,
becaule the life of man is too fhort; and the information
received from our predeceflors, too defe@ive for that
purpole; to which may be added the flow and incompre-

ofan clephant, or fome unknown animal. The Doftor told me, when T was at Florence in
1777, that they pretended to have found the fkeleton of an clephant entire.

henfible
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henfible progrefs of nature, imperceptible to human ob-
fervation. We are therefore ftill very much in the dark,
relating to thefe bones, as well as, with refpect to our
knowledge of foflil fubftances in general ; having yet to
afcertain, a more accurate difcovery of their former natu-
ral {ituation, as well as the true origin of the mountains,,

and firata of earth in which they are found(a).

(a) *Philofophers, antient and modern, (fays a late writer) have hitherto confidered moun:-
tains, in general, from a point of view, too confined, or entirely different from that of
mineralogy and mining; being unimproved by the light of volcanos,. and by that extenfive
knbwledge,,which they rﬁight have reaped, in the déepeﬁ mines, oron.the higheft mountains,
and from the inftru@tion of unfcientific miners, they ftuck only to-their libraries, and'to the
uppermoft cruft ofthe earth, which they had an oppertunity of examining; without any grear
trouble to themfelves, -in the moft pleafing countries, and in the moft fuperficial quarries of
fandflone, limeflone, and flate. We are not to wonder therefore, that orology, or the fci-
ence of mountains, is fo little underftood amengft the learned, and that:the delcriptions of
the higher mountains of Peru, Teneriffe, Switzerland, and differeat parts of Europe, are:
generally filled with meteorélogical obfervations, botany, and other accounts, which leave:
their very nature, in a mineralogical; and:orologieal’ refped;, full as-unknown, as they were
hefore. The confequence was plain, that, gencral conclufions have been too rafhly drawn,
from a fingle kind of mountains, and that, the preténded fyftems, of the origin of moun~
tains in general, are, for the greater part, [o very romantic, and’ fuperficial.”-——Travels
through the Bannat of Temefwar, Tranfylvania and Hungary, by Baron Inigo Born, tranflas
ted from the German, by R. E. Rafpe. London, 1777. See preface, page xxix,

END OF THE FIRST PART.
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Poosd i 2R I S0 iy

L:E T BER 1,

Don Guillermo Bowles's journey, by ovder of Government, to infpeét the
anine of Almaden, in La Mancha, defcribing his new method of extraél-
ing the quickfilver from the ore of that mine ; with Jome account of

the ufe made of quickfilver, by the Spaniards, in the filver mines
of Mexico, and Peru.

N the year 1752, I received orders, from the mi-
niftry, to infpect the rich quickfilver mine, at Alma-
den, in La Mancha. Our firlt fage, from Madrid,

was to Getafe, and from thence to Toledo. The waters
of the Tagus are very good here, and mix well with
foap, though they are bad at Aranjuez, on account of
their union with limy and faline particles, in that part
of the river. From Toledo I proceeded to Mora,
through a well cultivated valley, and from thence to
Confuegra, pafling forwards by the Puerto Lapiche,
Daimiel, and Miguelturra, to the village of Carrafcal.
Hitherto the country is well cultivated, but further on,

the
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the plams are ﬁlled with holm trees, E?\EL iofglpary,
Touthern wood, and furze with white flowers, as far as
Zarzuela, and from thence to Almaden, forty-one leagues
to the weltwatd of Madrid. Here the face™df the coun-

try is totally altered, and now becomes mountainous.

The quickfilver mine of Almaden is the moft curious.
and inftructive, with refpe@ to. natural hiftory, as well
as the molt antient we know of inm: the world. Theo-
phraftus, who lived 300 yeats before Chrift, fpeaks. of
the cinnabar of Spam,, and Vitruvias, who hved un-
der Auguftus, ‘méntions it hkCWITe

Pliny fays, this mine was. it the province of Btica,
as it really is, Almaden being the laft village of La Man-
cha, and only divided by a broek,. from the kingdom of
Cordova. He fusther tells us, it was always locked. up,.
by the governor of the province, and neyer opened,,
but by exprefls command of the Emperor; and when the:
quantity wanted for Rome was taken out, was inftantly
_thut again ; but fince their. dominion, every thing has.

been fo altered, and overturned, that mno traces are:
left of their labours.

.The two brothers, Mark and Chriftopher Fugger, of
Augfbtlrg, had a grant of this mine, and were to fur-

nifh the king, yearly, with four thoufand five hundred
' quintals
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quintals of mercury, but not being able to make good
their engagements, or for fome other reafons, beft known
to themlelves, they gave it up in 1635, as well as the fil-
ver mine of Guadalcanal, which was likewife in thejr
hands, yet thefe Germans made fuch a fortune in Spain,
as to leave great riches to their heirs, who now flourifh
in Germany, raifed to the higheft dignities, being counts
of the facred Roman Empire, and poflefled of confider-
able eftates in the circle of Suabia (a); their opulence
was fo confpicuous as to become a proverbial expreffion
in Spain, Ser rico comoun Fucar, *“ To be as rich as a Fug-
ger,” a fimile we find in Don Quixote. There is a ftreet
of their name in Madrid.

The church, with great part of the village of Almaden,
confifting of above three hundred houfes, ftands upon cin-
nabar, and the inhabitants are chiefly fupported by the
profits of the mine, which lies in a hill of fandy rock,
forming two inclined planes, with a craggy rock on the
fummit, fludded with fpecks of cinnabar, which, no
doubt were the firlt tokens that led to the difcovery of
the mine. In other parts of the hill, fmall beds of flate
appear, with veins of iron which on the furface follow

(a) The family of Fugger is delcended from John Fugger, a citizen of Augfburg, in 1370,
father of Jacob, who, from aerchant, rofe to be a councellor to the Emperor.  His [ons,
Ulric and George, were made Barons of the facred Roman Empire, by the Emperor Max-
imilian, in 1504, and their defcendants were afterwards raifed to the exalied dignity of
€ounts of the Empire. They have immen/e propeity in, the circle of Suabia, are divided
into feveral branches, and allied to the greatefl houes in Germany.

G o the

o
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the dire@ion of the hill. Some improperly call thefe
fuperficial veins, for there are fuch in the adjacent
hills, where no cinnabar was ever fufpefted to exift,
and all the country abounds in mines of iron; what
is more, in the very mine of Almaden, pieces are fome-
times found, in which theiron, quickfilver, and fulphur,
are fo mixed together, as not to form a different body.
This deftroys the common opinion, that iron amongft me-
tals, is the only one, indiffoluble by mercury, the fallacy
of which I have further experienced in the quickfilver
mines of Hungary, where it is certain there is a mixture
of iron ore, and I have feen in the quickfilver mines of
the Palatinate, a great deal of ironized mineral ferve as a
matrice to cinnabar.

The neighbouring hills are of a fimilar kind of rock to
that of Almaden, and furnifh the fame forts of plants,
which fhews that cinnabar does not exhale thofe poifon-
ous vapours fome have imagined, nor are they obnoxious
either to vegetation or mankind. A miner may fleep in
{ecurity on a ftratum of cinnabar, and I have counted
above forty forts of ufual plants that thrived and run to

feed within the precindts of the twelve furnaces where
the mineral is roafted.

The felons who work there, feel no inconvenience
from it, and do nothing more than wheel about the earth
in
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in barrows, yet many of them are {o crafty, as to counter-
feit paralytic and other complaints, to impofe on the be-
nevolent difpofition of thofe, who vifit the mine. Each
man colts government eight reals per-day, (about two fhil-
lings) theyare better fed, than anylabouring man, fell half
their allowance, and enjoy good health; yet from a prin-
ciple of compaflion, are only made to work three hours a
day, and the public think their condition fo infinitely
wretched, as to be little fhort of death.

The very judges on the bench muft be of that opinion,
when they affix this pumﬂlment to the moft atrocious
crimes, yet they are deceived (4), and may be affured,
every labourer in Almaden does of his own free will
double the work of thefe felons, and for half the profit.

In this mine, two veins, from twoto fourteen feet broad,
run the length of the hill, with branches fhooting out
into various direGions. Every one knows that the fand-
ftone is compofed of grains of different fizes, the flone
of the vein is the fame as in other parts of the hill, and
ferves as a matrice for the cinnabar, which is more or lefs
abundant in proportion to the finenefs of the fand ftone,
on which account fome lumps of the vein will contain to
the amount of ten ounces of quickfilver in the pound,
and others only three.

(a) Mr. Bowles follows on this occafion the opinion of Don Antonio de Ulloa, in contra-
didion to the experience of all ages.—--See Dr. Robertfon’s hiftory of America, vol. 2d,

tote lxxxi.
. G g 2 The
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The two principal veins are attended with thofe upper
and lower {trata of rock, generally obferved in all veins,
to which miners have given the names of the roof,
and the floor. At Almaden they are of black and rot-
ten flate, and I have occafionally feen in them a quanti-
ty of cinnabar, and large round, or flat pyrites, yel-
low, and fulphurous, which, being broke with the ham-
mer, exhibit within fmall particles of cinnabar. The
pyrites decompofe and diffolve; which occafions that
vitriolic moifture which fhews itfelf in yellow {pots
on the linen of thofe who enter the mine; and as it
comes out with lemon juice, it is evident they are mar-
tial pyrites. There was one of thefe in the' King’s for-
mer cabinet, that weighed fixty pounds; I colle@ed fome
of three pounds. Befides pyrites, they allo find in
the mine, pieces of white quariz, richly ramified with
cinnabar, and light fpar, fometimes even cryftalline,
both filled with the fame matter, either lamellated
orin the form of rubies. There is alfo flate, full of
them, and the chert, or burnflein of the Germans (a), is
{tudded with cinnabar like nail heads: even pure and na-
tive mercury is feen in the crevices of flate and fand-
ftone (4). ‘

{a) Chewt.  Pengfiles. Lapis corneus. Cronfted, fe@. EXIIL

(») Though native cinnabar has ever fo lively and red a colour, it has always a mixfure
of argillaceous, - or calcareous earth, or of fand; and thefe fubftances are frequently impreg-
nated with an  arfenical taint. Even mercury, though with fo pure an appearance,
may yet be loaded with a pernicious vapour ; for which reafon, I think that native cinnabar

From
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From the beft information I could get, the heirs of
the Fuggers rented this mine till 1645, when the King
took it into his own hands, and the German miners werée
difmifled. The next year the crown allotted forty-five
thoufand trees to fupport the galleries of the mine, but
the workmen reaped no advantage from it, the timber
having beén employed without art or ingenuity. The
fame year Don Juan Alonzo de Buftamante eftablifhed
the reverbatory furnaces with alludels, the Germans hav-
ing only ufed retorts, of which many fragments are ftill
to'be feen amongft the rubbifh.

The diredtion of the hill of Almaden is from north eafy
to fouth weft, having about 120 feet elevation. I went its
whole length in fourand twenty minutes, and its breadth
in fourteen. Like moft of the hills in La Mancha, it is
compofed of two plains, whofe fummit forms a peak of
craggy rock, but the upper part has not that perpendi-
cular elevation it feems to reprefent, for it forms an in-

fhould be baniflied from the fhops. Af the foot of a fteep mouritain, nedr Sa’ﬁ"Felipe', in
Valencia, I made excavations, and at the depth of :wenty-twdl'eet, found a hard, white,
calcareous earth, containing drops of fluid mercury, This earth, being wathed, in a neigh.
bouring fountain, left twenty-five pounds of pure mercury, which was fent to Madrid, and
depofited in the royal cabinet of natural hiflory. A litdlé above the {pot where the mercury
was found, there were petrifaltions and gyplum. ' From exact refearches, we know that a bed
of cinercous clay, two feet below ‘the furface, extends the length of the city of Valencia,
from Ealt to Welt, replete with 'drops of mercury, which weére difcovered after re-
peated experiments in digging of wells ; particularly in the houfe of the Marquis of Dofaguas.
Thus we found it in a white calcareous earth, with petrifaltions, at San Felipe, and be-
holdic int the city of Valencia, in a cinereous clay, without them !

clined
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clined angle of fourteen degrees, and all the fmaller rocks
of the hill have more or lefs the fame inclination. We
fhall next fee, that a due obfervation of thefe circum-
ftances, conftitutes a principal branch of theart of mining.

The ftone on thefe hilis, as well on the fuperfices, as
in the centre, is of the fame nature as that of Fontain-
bleau, and the pavement of Paris : on calcining it, and
examining it minutely, when it comes out of the furnace,
the grains of fand are found to be of the fame fhape and
tranfparency with thofe on the fea {hore. The enormous
pieces of rack which compofe the internal part of the
mountain, are cut with vertical fifflures, and though the
rocks feem to have an ered pofition one over the other,
the length of the hill, this is not the cafe, for they all in-
cline to the fouth.:

Two veins, more or lefs impregnated with cinnabar,
cut the hill almoft vertically, and form thofe firata which
we have faid were from two to fourteen feet broad ;
thefe unite on the moft convex part of the hill, ftretch-
ing as far as one hundred feet, from which happy union
arofe that prodigious richnefs of mineral called de/ Rofario,
which has given many millions of quintals of quickfilver,
and was in my time the occafion of that difmal fire in
the mine.

T bed
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A bed of rock two or three feet broad, runs from north
to fouth, acrofs the hill, and cuts the two veins, fo that
further on, there is no appearance of cinnabar. This |
kind of rock being prior to the forming of the ore, ﬁops
the mineral véin, which finding it fo hard, cannot pe-
netrate that way, and is obliged to turn out of its direct
courfe. Itis from this rock to the other extremity of the
mine, that I faid I went in fourteen minutes. If the
veins ran without interruption, and always on a ftraight
line of the fame breadth, lefs trouble and art would be
neceflary in the working of mines. Let us now fpeak of
the method of working thefe of Almaden before my ar-
rival there.

The miners had never funk their fhafts according to
the inclination of the vein, but had made them perpen-
dicular, letting themfelves down by pullies in buckets,
from which awkward contrivance arofe all the mifchiefs
that followed, for in proportion as they went deeper,
they often loft the vein, and were obliged to open a new
fhaft with the fame inconveniences, and thus went on,
continually encreafing their fhafts and galleries with
fimilar defe@s, by which they not only loft a great deal
of labour and time, but were deprived of a free circu-
lation of air underneath, as that which rufhed in at
one part, immediately made its efcape at the other,
next to it, and the people were fuffocated below ; the

' fame
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fame would have happened in a ftone quarry, as well
as in a mine : moreover, the great number of galleries,
filled with quantities of decayed and rotten timber, pro-
duced obnoxious vapours, and made a hanging vault of
the mine, replete with danger, from the large pieces
which continually tumbled in ; to prevent thefe incon-
veniences in future, I laid before the miniftry the fol-
lowing propofals.

That a new mine fhould be opened lower down, and
a general fhaft funk obliguely, following the direction of
the vein, and leaving a ftaircale at every twenty feet, to
go up and down. That two galleries thould be extend-
ed on the vein, one to the right, and the other to the
left, continuing them in proportion as the fhaft went
deeper. That a fpace of three feet fhould be lelt on the
vein, between one miner and another, in the nature of
fteps which the French call 7availler: en banguette. By this
“means a file of workmen, from twenty to a hundred,
might be placed commodioufly, and go as deep as
they pleafed without danger, becaufe the new excava-
tions are fupported with the ftone and rubbifh diug out of
the mine, the props which ferve for this purpofe being
folid,and not liable to the fame inconveniences as timber.

The fame fhould be done in the fecond vein, and they:
might continue their labours at pleafure ; when they ge
dCCPcr>
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deeper; a gallery for a communication of air, muft be
made from ‘one vein to another, by which a conflant cir- _
culation is kept up through the whole, as Is always prac-

tifed in well regulated mines.

My plan was well received by the miniftry, miners were
fent for from Germany, and the whole was tolerably. exe-
cuted. About this time the Cinnabar mine of Guanca-
velica, in Peru, had begun o decay, after fupplying the
mines of that kingdom for above two centuries paft with
a prodigious quantity of quickfilver (s),’ that of Almaden.

only furnifhing Mexico, for which putpole they generally

extrated five or fix thoufand: quintals 'per’ annum, but

the miniftry finding it was neceffary to'fend more to

Peru, ordered a large quantity to be provided, {o that
from Almaden, and Almadenejos, they extraded about
eighteen thoufand quintals' per annum, butthe greateft
part came from the mine worked by the Germans.

The Fuggers were the moft experienced men of their
age, and their fhafts and: galleries were according to ‘the
ftricteft rules of art ; but they neverundertook any thing
very great; perhaps only confidering themfelves as occa-
fional tenants, therefore endeavoured to get as much as
they couldat the cheapeft and eafieft rate, concluding their

. (¢) The mine of Guancavelica was firlt difcovered in 1 563: Sece Noticias Americanas.
Entretenimunto phyfico hiflorico por Don Ant. de Ulloa. Madrid, 1772, 4to.

Hh " harvelt
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harvelt would be fhort. They appear to have directed
their views where the ore was richeft, which they foon
after quitted, to go upon others, for we find above fix
hundred galleries of theirs, propped by timber, as a tem-
porary fupport, which they knew could not laft.

Let us now fpeak of thofe furnaces invented by Bufta-
mante, fo perfe& that no alteration has been thought ne-
ceflary to be made in them to this day.

- The form of the furnace is fimilar to that of a good
lime kiln (4), only that the chimney is placed on the an-
terior wall, that the flame may fpread itfelf equally every
where.  On the lower part of the furnace, they firlt lay
a ftratum of the pooreft fort of ftone, containing theleaft
mineral fubflance, over this a better fort, with the fweep-
ings and drofs,in which they fufpect there might be fome
mercury, to which they add water, making itinto a pafte,
and laying it on the top. Then, a little lower down,
they fet fire to the furnace, with faggots of terebinthinus, -
lentifcus, cyftus, rofemary, and other fhrubs which abound
in the neighbourhood. - The upper part of the furnace
is covered with earth, leaving eightapertures of fix inches

{a) In the memoirs of the academy of fciences of Paris for 1719, there is a circumftantial
account of thefe furnaces, by the celebrated Bernard Juflieu, and it will not be amifs to con-
fult the Dictionaire des arts & metiers, par Jaubert, Mr. Bowles, in his dedication to the king,
fays, that the mine at Almaden had been rendered ufelels by a conflagration till he put it in
repair, which fixed him in the fervice of that crown, and afforded him the opportumty of vi-.

fiting fo many parts of the kingdom, :
diameter,
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diameter, where a file of eight aludels are placed, pro-
perly luted in an inclined pofition, and terminating at a
fquare chamber, where the quickfilveris received. . The
fire penctrates the ftone, and heats the fulphur, by which
means the mercurydilates ; andas bothare fovolatile, they
efcape together, through the aludels ; but the fulphur,
being more penetrating, iexhales in -the chamber, and
even works into the aludels, and the compofition with
which they are luted, while the mercury, from its weight,
condenfes, and in its paflage cools, when it falls into the
tubs placed to receive it. From hence it follows, that
if the furnace is good, all the quickfilver in the ftone,
muft be found in thefe tubs, there being only this ob-
jection againft it, that the fire is not ative enough, to
burn all the fulphur, rarify the mercury, or extract it
out of the ftone; or, that the fire, being too violent,
does not allow time for the metal to condenfe, but hur-
ries it, united with the fulphur; fo that it efcapes from the
aludels. Totry whether either of thefe inconveniencies
happened, I made the following experiments, before the
governor, and feveral other perfons of rank.

I caufed fome pounds of ftone, burned in the fur-
nace, to be pulverized, and then mixed them with the
nitre and charcoal, then fired them, covering them with
a veflel, previoully wetted with water, to receive the va-
pour. As nitre, and charcoal united, burn with extra-

Hh ordinary
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ordinary violence, it is evident, that if, in this mixture,
there had been the leaft grain of quickfilver, it would ne-
ceffarily rarify and condenfe againft the fides of the moift-
ened veflel. In effed, we did obferve fome mercury
there, but in fo fmall a degree, that it was hardly per-
ceptible with a lens, and of courfe of no confequence ;
for in' every fufion_of ores, fome minute particles will
elcape in the fcoria.

To difcover if any grains of mercury were loft in the
air, I placed four large copper veffels, not tinned, in
four different places, one on the eight inches of earth,
which covered the furnace, whole aperture is about three
feet and a half diameter, others on the firft aludels,
which are the hotteft, another at the obtufe angle of the
fame, where the mercury condenfes, and the other at the
highelt part of the chimney, in the chamber, where
the aludels lead to: as it is known, with what quick-
nefs mercury unites to all metals, except iron, if it
exhaled at any of thefe places, where the copper veflels
were fixed, it would have appeared on the copper, for
I left them there above twelve hours, at the expira-
tion of which, not the leaft particle of mercury ap-
peared.

In the precin@s of ‘Almaden, there are twelve fur
naces, called The Twelve Apoftles; each can receive a-
- bout
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bout 200 quintals, including good and bad ftone, which
in three days will produce about 40 quintals of quickfil-
ver. Three days more are required to repair the fur-
nace, and replace every thing properly, fo that four out of
the twelve, are always in adtion, the violent heats of the

fummer excepted, when a fufpenfion from labour is un-
avoidable,

When we refled on the advantages of thefe furnaces,
they muft be confidered as objeds of the greateft utili-
ty and honour to Spain, forcigners having likewife im-
proved from them. The Hungarians have imitated them
in their tines, by which they have confiderably reduced
the number of workmen, employed in the old method,
with retorts. Foreigners are fthewn every thing with-
out referve(a), and are permitted to examine the rocks at
their leifure, and even make drafts of the furnaces, and
fee their method of packing-up the quickfilver in goat-
{kins, which is certainly the beft policy, to facilitate the

(a) Mr. Ferber, in his travels througle Italy, fpeaking of the quickfilver mines of 1dtia, in
Friul, belonging to the houle of Auftria, fays, * They confider here their common melting
and vftulation of the mercurial ores, as an arcanum, and accordingly do not allow any ﬂ}angcr
to examine their fublimation houfe, though even its exterior form undoubtedly, and at firft
fight, proves their method being the very fame as that which is ufed at Almaden, in Spain,
and has been very minutcly defcribed by Mr. Juflieu, in the memoirs of the French academy;
this method Is far from being perfect, and above any improvements, but probably they do
not think fo, elfe there could be no poflible reafon for this myftery in fo common a mani-
pulation: nothing is more oppofite to the progrels of [cience, and even to the intereft of

ftates, than fo fingular a referve,” Travels through Italy in 1771 and 1772, by John James
Ferber. London, 1776.

operations
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operations of a mineral that, perhaps, one day or other
we may be in want of ourfelves. ;

" Let us enquire into the five or fix thoufand quintals of
quickfilver, fent yearly from this place to the Mexican
mines ; though my account fhould not be entirely exa&,
it will come as near as is neceflary in points of this na-
ture. Many of the mines of New Spain are worked by
fufion, but where fuel is fcarce, or the ore very poor,
they amalgamate it with quickfilver; it muft be allowed
the Spaniards were the firft who undertook this procefs
in 1566 it is true, it was in ufe in the gold mines of
Hungary, but this had no connexion with the works of
the Spaniards, becaufe in Hungary, the ore either ap-
pears to the naked eye, or is perceived with a lens, and
as every body knows that quickfilver mingles with gold,
it was natural to fuppofe, it could be extracted by this
method ; but none before the Spaniards ever thought of
mixing quickfilver with a ftone, containing invifible fil-
ver, diffolved with fulphur, and arfenic, and oftentimes
mixed with copper, lead, and iron. They therefore dif-
covered an ingenious mode of reducing a peor ore to an
impalpable powder, and to form a mafs of about twenty-
five quintals, mixing it afterwards with falt, or green
copperas, and with lime, or afhes, reduced to a fine
powder. |

Thele
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Thefe bodies, however, being of a different nature,
would remain in perpetual reft, without a diffolvent to
put them in a&ion, for which purpofe, they are fufh-
ciently fprinkled with water, throwing in thirty quintals
of mercury, at different times, taking care to ftir it about
conflantly, for the fpace of two months, The fixed al-
kali of the afhes;and lime, diffolved by this means, works
in the acid of the falts and copperas, which inteftine ac-
tion caufes a violent effervefcence and heat, by which
means the fulphur, and arfenic, abfolutely diffolve, and
deftroy the copper, lead, and iron. Then the imper-
ceptible atoms of filver, efcape from their confinement,
are colle@ed by the quickfilver, which amalgamates with
them, and forms that {ubftance or palte the Mexicans
call pina(a).

By this procefs they colle& one and a half, or two
ounces of filver, from every quintal of ore, from which,
according to the method practifed in Europe, they would
not defray workmen’s wages.

(a) The molt perfect filver extradted from the ore at the mines is in that form, which the
Spaniards call pinnas, which is a lump of filver extreamly porous, becaufe it is the remainder
of a palte made up of filver duft and mercury, and the latter being exhaled, leaves this re-
mainder of the mafs fpungy, full of holes, and light. Ttis this kind of filver that is put into
different forms by the merchants, in order to cheat the king of his duty, &c.-—-See the pro-
cefs of the ore from this mine to this kind of cake or mafs. In Voyage to Peru, performed
by the fhip Conde of St. Malo. Written by the chaplain.  London, 1759
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