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2
of the Hot Springs in Iceland, from whence the water
was brought which you have lately analyfed. I have
trufted you would excufe a delay not altogether vo-
luntary. It will be now my endeavour to gratify your
curiofity as far as I am able; and to acquaint you
with every particular, as well concerting the fprings,
as the country near them, which I think you may

find in the leaft interefting. -

We faw many {prinigs in tlie Courfe of our journey
befides thofe I am going to defcribe; nor indeed are
they confined to the part of the ifland we vifited, but
break out in every divifion of it. For a general ac-
count of the moft remarkable, I refer you to a let-
ter, written by Dr. Vaw Trorr, (the prefent Arch-
bithop of Upfal), to Profeffor Bergman, publifhed
with fome othérs concerning Iceland, in the year

xET

The defcriptions given by this author are fo accu-
rate, that it will not bein my power to give you much
new information. -I muffy, in a great meafure, re-
peat what he has faid. It way be fatisfactory, how-
ever, to vou to have his relations corroborated ; and
fome further details, with an account of the changes
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which, in a few inftances,” have taken place fince he
vifited thefe particular fprings in 1772, may contri-
bute to explain their hiftory, and the caufe of their
very fingular appearances.

You received two kinds of water, one from a{pring
near a farm called Rykum, and the other from the
fountain known by the name of the Geyzer, the moft
vemarkable in the ifland. It rifes near the farm of
Haukadal, about forty miles from Rykum. They
are both fituated in the 8. W. divifion of the ifland,

I fhall begin with a defcription of the country, and
the fprings near Rykum, and of the firft view we had
of them in our way from Rykavick to Mount Hecla.
Rykum is fitnated in a valley, which, en account of
its fertility, and the firong contraft it made with the
dreary fcenes we had paffed fince our laft ftation, ap-
peared to us with great advantage while we approached
it. 'We had traverfed a country, feven or eight miles
in breadth, entirely overfpread with lava, and other
volcanic matter. It was furrounded with hills, not
fufficiently high to be majeftic, and too rugged and
0o barren to be pleafing. We were told by our guides,
that on a clear day, the fummits of Hecla might be
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feen above thofe which were immediately before us;
but heavy and lowering clouds, which threatened us
inceffantly with a ftorm, concealed every diftant object
from our fight.

We faw many diftricts in Iceland covered with lava;
but I do not recollect one fo uncouth and defolate as
this. No vegetation was to be feen, but that of a few
ftunted bufhes of willow and birch, growing between
the crevices and hollows of the lava, into which the
wind had drifted fufficient foil for them to take root.
We could difcover no mouth or crater from whence we
could conjeéture, with any degree of probability, the
lava to have iffued. It extended round us like a fea;
and it had burft perhaps from fome part of the coun-
try it now covered, while the fire to which it owed
its origin, had efcaped with its fhowers of cinders and
afhes, from fome other orifice, and had formed one
of the numberle(s cones we could difcover amidit
the neighbouring hills.

The unpleafantnefs of our ride over this country
was increafed by the continual danger to which we
were expofed of our horfes falling. The road was
no other than what the few travellers of the coun-
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try, as they paffed from their farms to Rykavick, had
tracked over the lava, where it was leaft rough; but
even this was interrupted by many breaks and cre-
vices, formed by the cooling of the matter, and the
contraction of its parts.

To this uncomfortable fcene fucceeded the view
of a rich valley, opening into an extenfive green
plain, bounded by the fea. A river was feen wind-
ing between feveral fertile meadows; and beyond
thefe, the valley was terminated by a range of high
and bold rocks. But our attention was chiefly at-
tracted by the clouds of fteam, which afcended in
various parts of the valley from the hot fprings, and
by jets of water which, from fome of them, were
inceflantly darted into the air.

We defcended into the valley by a road winding
over the lava, which in one place had flowed from
the upper plain into the country below. On each
fide it had ftopped abruptly, and had thus formed a
perpendicular wall, at leaft fixty feet high.

We pitched our tents in a pleafant field, on the
fide of the river, oppofite to the farm, and not far
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from it; and at the foot of the hills which bounded
the valley. Several fragments of rocks, which had
fallen from thefe, lay fcattered round our ftation.
Thefe were entirely volcanic; fome of dark blue lava,”
not unlike bafalte; others of a yellow fubftance; and
again others of a grey lava, mixed with a great quan-
tity of white glafs: but the moft curious confifted of
an heterogeneous mixture of various fubftances, ce-
mented indifcriminately together by fome operation,
fubfequent to their original formation, and fo ftrongly,
that the rock was broken with difficulty bv our ham-
mers. It confifted of pieces of black glafs, (a lava'in
2ll probability much vitrified), and large pieces of a
clofe, grey lava, the cavities and pores of which were
filled with zeolites finely radiated.  Some pieces of
black lava, in parts compat, and in other parts fo
porous as to approach nearly to a pumice ftone, were
mixed with the reft of the mafs. A mixture of thefe
fame fubftances, (the lavas, the glafs, and the zeolites),
pounded in fmall grains, filled the {paces between the
| larger pieces, and connefted the whole into a folid
rock. The heat (if heat it was) which had cemented
thefe materials, had not been ftrong enough to reduce

any one to a ftate of fufion; forthe angles of the frag-



ments were as fhatply defined as if newly fepdratcd
from their rﬁfpeé’twt original beds.

The rocks from whence thefe different maffes have
been detached, lay heaped together in fo disjointed
and irregular a manner, that fome violent convulfion
has evidently taken place among them fince their firft
formation; but fimilar appearances of diforder are to
be fesn in every range of hills in the country. Regu-
lar ftrata are no where to be met with. It appears as
if all this part of the ifland, atdifterent periods, had
been thrown up from its foundations.

The valley is, in this place, fertile; and nearly half
2 mile in breadth. It becomes more narrow towards
the north; and it is there rendered barren by heaps of
crumbled lava, or other rubbifh, brought down from
the hills by the waters, Thefe have the appearance of
artificial mounds, and a great number of {prings are
continually boiling through them. Below the furface,
a general decompofition feems taking place : foralmoft
wherever the ground is turned up, a ftrong heat is
felt, and the loofe earth and ftones are changing gra-
dually into a clay, or bole of various colours, and

beautifully veined, refembling a variegated jafper. The
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heat may poflibly proceed from a fermentation of the
materials compofing théfé mounds; but more proba-
bly (I fhould conjecture) from the fprings and fteam
forced up through them. The fprings muft have ac-
quired their heat at fome greater depth, from fome con-
{tant, fteady caufe, (however difficult to explain), ade-
quate to the length of time they have been known to
exift, with the fame unvaried force and temperature.

Springs do not boil on or near thefe banks only.
They rife in every part of the valley, and within the
circumference of a mile and an half, more than an
hundred might eafily be counted. Moft of them are
very fmall, and may be juft perceived fimmering in
the hole from whence the fteam is iffuing. This, trail-
ing on the ground, depofits, in fome places, a thin
coat of fulphur. The proportion varies; for near
fome of thefe {fmall fprings, fcarce any is perceptible,
whilft the channels by which the water efcapes from
others, are entirely lined with it for feveral yards.
Neither the water, nor the fteam from the larger fprings,
ever appear to depofit the fmalleft proportion of ful-
phur; nor can the fulphureous vapour they contain be
difcovered, otherwife than by the tafte of what has

been boiled in them for a long time.
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Many fprings beil in great caldrons or bafons, of
two, three, or four feet diameter. The water in thefe
is agitated with a violent ebullition, and vaft clouds of
fteam fly off from its furface. Several little ftreams
are formed by the water which efeapes from the ba-
fons; and as thefe retain their heat for a confiderable
way, no little caution is required to walk among them

with fafety.

The thermometer conftantly rofe in thefe fprings,
to the z12th degree; and in one fmall opening, from
whence a quantity of flteam Hliied with great impetuo-
fity, Dr. WriGHT obferved the mercury rife, in two
fucceflive trials, to the 213th degree.

I have already faid, that the ground, through which
many of the {prings were boiling, was reduced to a
clay of various colours. In fome, the water is quite
turbid; and, according to the colour of the clay through
which it has pafled, is red, yellow, or grey,

The fprings, however, from whence the water over-
flows in any great quantity, are, to appearance, per-
fectly pure. The moft remarkable of thefe was about

fifty or fixty yards from our fiation, and was diftin-
c
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gﬁimed by the people of the neighbourhood, by the
name of the Little Geyzer, The water of it boiled with
a loud and rumbling noife in a well of an irregular
form, of about fix feet in its greateft diameter; from
thence it burft forth into the air, and fubfided again
nearly every minute. The jets were daflied into fpray
as they rofe, and were from twenty to thirty feet high,
Volumes of fteam or vapour afcended with them, and
produced a moft magnificent effe&t, particularly if
the dark hills, which almoft hung over the fountain,
formed a back ground to the picture. The jets are
forced, in rifing, to take an oblique direction, by two
or three large ftones, which lay on the edge of the
bafon. Between thefe and the hill, the ground (to
a diftance of eight or nine feet) is remarkably hot, and
entirely bare of vegetation. If the earth is ftirred, a
fteam inftantly rifes, and in fome places it was co-
vered with a thin coat of fulphur, or rather, I fhould
fay, fome loofe ftones only were covered with flakes
of it. In one plé.ce, there was a flight efilorefcenge
on the furface of the foil, which, by the tafte, feemed
to be alum,

The fpray fell towards the valley, and in that di-
rection covered the ground with a thick incruftation
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of matter which it depofited. Clofe to this, and in
one fpot, very near the well itfelf, the grafs grows with

great luxuriance.

Where the {oil wds heated, it was gradually (as on
the mounds) changing into a clay. But it was here
more beautiful than in any other place. The colours
were more varied and bright, and the wveins were
tharked with more delicacy. The tranfition likewife
from one fubftance into the other was more evident
and fatisfactory,

To the depth of a few inches, the ground confifted
of loofe lavas, broken and pounded together, of blue,
red, and yellow colours. The blue lava was hardeft ;
and feveral pieces of it remained firm and unaltered,
while the reft were reduced to a duft. The colours
became brighter, as the decompofition of the fub-
ftances advanced, and they were changed at the depth
of nine or ten inches into a clay ; excepting, however,
the pieces of dark blue lava, which ftill retained fuffi-
cient hardnefs to refift the preffure of the finger.
Round thefe, (which appeared infulated in the midit
of the red and vellow clay), feveral veins or circles

were formed of various fhades and colours. A few
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inches deeper, thefe alfo became part of the clay, but
ftill appearing diftinét, by their circles, from the fur-
rounding mafs. The whole of this variegated {ub-
ftance refted on a thick bed of dark blue clay, which
had evidently been formed in the fame manner from:
fome large fragment of blue lava, or ftratum of it,
broken into pieces.

The refemblance of thefe clays to jafper is {o flriking
to the eye, that I cannet forbear believing their origin
to be fimilar, at leaft, that fome circumftances in the
formation of each are the fame. You will fay, with
reafon, that the difference, notwithftanding the appa-
rent fimilitude, isin reality very wide; that thefe clays,
before they can be converted inte jalpers, requireto be
confolidated, and impregnated with a confiderable pro-
portion of filiceous earth. It is fomething, however,
to have detefted nature in the act of forming, in any
fubftance, the veins aud figures common to marbles
and jafpers, 'What ftill remaius of the procefs, after
thus much of it has been traced, may not long con-
tinue unknown ; and ia Iceland, probably {fooner thany
elfewhere, will be difcovered beds of clay, like this,
hardening into ftone, either by the effe@ of f{ubterra~

neous heat, or preflure promoting an adhefion of the
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pa.rti::ies, or by fome infinuation of matter (perhaps
filiceous) into the pores of the mafs.

There is another fountain in the valley, not much
inferior in beauty to that which I have defcribed. It
breaks out from under one of the mounds, clofe to
the river. Its eruptions are, Ithink, in fome refpeéts,
more beautiful than thofe of the former. They rife
nearly to the fame height, and the quantity of water
thrown up at one time is greater, and not fo much
fcattered into {pray. The jets continue feldom longer
than a minute, and the intervals between them are
from five to fix minutes. They are forced to bend
forwards from the well, by the fhelving of the bank,
ur probably their height would be very confiderable;
for they appesr to be thrown up with great force. We
never dared approach near enough to look deep inte
the well; but we could perceive the water boiling near
is furface, from time to time, with much violence,
The ground in front of it, was covered with a white
incruftation, of a mere beautiful appearance than the
depofition near any other {pring in this place. By a
trial of it with acids, it feemed almoft entirely calca~ -

FeOus.
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I have now defcribed to you the two moft mﬁ;rk.-.
able fountains in the valley of Rykum, the only two
which throw up water to a confiderable height with any
regularity. There are fome from whence, in the
courfe of every hour, or half hour, beautiful jets burit
out unexpectedly ; but their eruptions continue only a
few feconds, and between them the water boils in the

fame manner as in the other bafons.

Towards the upper end of the valley, there was a
very curious hole, which attrafted much of our at-
tention. It feemed to have ferved at fome former pe-
riod as the well of a fountain. Tt was of an irregular
form, and from four to five feet in diameter. It was
divided into different hollows or cavities at the depth
of a few feet, into which we could not fee a great way,
on account of their direction. A quantity of fteam if-
fued from thefe recefles, which prevented us from ex-
amining them very clofely. We were ftunned while
ftanding near this cavern, and in fome meafure alarm-
ed, by an amazing loud and continued noife which
‘came from the bottom. It was as loud as the blaft of
air forced into the furnace from the four great cylinders

at the Carron iron-works.
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We could difcover no water in any of the cavities;
but we found near the place many beautiful petrifac-
tions of leaves and mofles. They were formed with
extreme delicacy, but were brittle, and would not bear
much handling; their fubftance feemed chiefly argil-

laceous.

We perceived fmoke iffuing from the ground in
many places in the higher parts of the valley, much
further than we extended our walks. I am forry to
{ay we left many things in this wonderful country un-
examined; but we were checked in our journey by
many circumftances, which allowed us neither the
leifure nor the opportunity for exploring every part of
it as we could have withed, The fubftances depofited
near the different {prings feemed to me, in general, a
mixture of calcareous and argillaceous earths ; but near
one {pring, not far from our tents, there feemed to
be a {light depofition of filiceous matter. To the eye
it refembled calcedony; but with its tranfparency, it
had not the fame hardnefs, and, if preffed, would break
to pieces. The water you have analyfed came from
this {pring, and we were obliged to take fome care

in filling the bottles; for though gradually heated, they
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would break when the water was poured into them, if
it had nect been previoufly expofed to the air for fome
minutes in an open veilel,

The water of this fpring boiled, as in moft of the
others, in a cauldron four or five feet broad. 1 do not
recollect to have feen any of it ever thrown up above
a foot, and fome meat we drefled in it tafted very
{trongly of fulphur.

Mr. Baing, by a meafurement of the depth, the
breadth, and the velocity of the fiream flowing from
the Little Geyzer, found the quantity of water thrown
up every minute by it to be 59,064 wine gallons, or
48.96 cubic feet. Mr. WrrenT and myfelf followed
the ftreamn, to obferve how far any matter continued
to be depofited by the water. We found fome little
itill depofited where it joined the river, a quarter of a
mile at leaft from its fource. At that place, it re-
tained the heat of 83 degrees by Fahrenheit’s thermo-
meter.

The vegetation on the banks of the fiream, end in
the pleafant meadows through which it flows, 15 ex-
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ceedingly luxuriant, The farmer arid his people were
4t this time employed in cutting the hay in them,
which, though not high, was thick, and remarkably
fweet. The plants which Mr, WricaT found in the
greateft perfection, were the fedum acre,* the vero-
nica becabunga, the polygonum viviparum,} and the

comarum paluftre.§

A rirTLEe above, where the current from the Little
Geyzer falls into the river, part of the lava, which has
defcended from the upper into the lower plain, has
affimed clofe to its banks, for the {pace of fome yards,
a regular columnar fhape. The pillars are fhort, and
have five or fix fides. I cannot be very exact in my
account of them, as they were on the oppofite fide of
the river. I fhould fuppofe they were nearly a foot
and an half in diameter. Some were horizontal, and
others vertical. 'We obferved the fame appearance in
many of the tracts of lava we traverfed on our jour-
ney, and, in one or two inftances, in thofe which had
flowed from the fides of Mount Hecla, though the
pillars there were lefs perfectly defined.

% Pepper ftorie crop. T Snake dveed,

+ Brook lime, § Purple marfh ariquefoil,
n
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So many ftreams of hot water fall into the river,
that it receives from thence a very perceptible degree
of heat. The thermemeter, immerfed in it ghove
where it is joined by the waters of the Little Geyzer,
rofe to 67 degrees, while in the open air it {tood at 6o.
The breadth of the river in the fame place is forty feety
its mean depth two feet and an half, and its courfe is
rather rapid. Several kinds of fifh are found in it;
in particular, numbers of very fine falmon.

The village of Rykum or Ryka, called either indif-
criminately, from Ry, an Icelandic word, fignifying
fmoke, is fitwated in the middle of the vallev, and, by
an obfervation made by Mr, Baiwe, is in latitude
64° 4" 38" N. about twenty miles from Rykiavick,
and eight or ten from Oreback, a imall harbour on
the fouthern coaft of the ifland. The village confifts
of the farmer's houfe, and the houfes of bis fervants
or dependants, and a fmall church. All the adjacent
lands belong to him, and he keepsa confiderable num-
ber of fheep and eattle, and fome few horfes. Thefe
conftitute his riches; and he purchafes at Rykiavick,
with fkins, wool, and butter, whatever he requires,
of which the chief article is fith, for his wiater’s

provifien.
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aftonifhing, that 1 doubt whether any adequate idea of
their effeft can be given by defcription. Abler pens
tlian mine might fail probably in attempting to do juf-
tice to fuch wonderful phenomena. The objeéts, how-
ever, are fo highly interefting in themfelves, that even
the fimpleft narrative that can be given of them will be
read with mere than ordinary attention.

‘They are fituated about fix and thirty miles from
Mount Hecla, and about twelve miles, in a north-
eaft direction, from the village of Skalbolt.* The road
from thence to the fj brings is over a flat countfy, ‘which,
although marfhy in feveral places, is not unpleafant ta
the eye, and abounds in excellent pafturage.

The fteam afcending from the principal fprings du-
irin'é; their eruptions may be feen from a confiderable
diftance.  When the air is flill, if rifes perpendicu-

% Skdlholt eonfifts of thie Cathedral, a large building of wood,
jand of a véry few heufes belonging to the Bifhop and his dépendants,
The Bifhops of the fouthern divifion of Iccland heve always refided
there; but in future their refidence will be at Rykiavick, a town
now building on the fouth-weft coalt of the ifland. The prefent Bi-
.-Ihr.rpj however, the worthy and learned Mr. Fixsox, has obtained
the permiliion of continuing -'ms refidence at Skalholt durmg the
vemainder of his life,
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lacly, like a column, to a great height; then fpreads
itlelf into clouds, which roll in fucceflive mafles over
each other, until they are loft in the atmofphere. We
perceived one of thefe columns, when diftant fixteer
miles at leaft, in a direct line from Haukadal.

The {prings moftly rife in a plain, between a river
that winds through it, and the bafe of a range of low
hills, Many, however, break out from the “fides of
the hills, and fome very near their fummits. They
are all contained, to the number of one hundred or
more, within a circle of two miles.

The moft remarkable {pring rifes nearly in the midit
of the other fprings, clofe to the hills, It is called
Geyzer;* the name probably in the old Scandinavian
language for a fountain, from the verb gey/a, fignify-
ing fo gufl, or to rufk forth. 'The next moft remarka-
ble fpring rifes at a diftance of one hundred and forty
yards from it, on the fame line, at the foot of the hills,
We called it the New Geyzer, on account of its hav-

ing but lately played fo violently as at prefent.

¥ Theee or four only of the principal fprings in Iceland are dif-
tinguifhed by the name of Geyzery, and of all the {prings near Hau-
kadal the greateit is alone called Geyzer, or Great Geyzer.
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There are others of confequence in the place, but
none that approach to thefe in magnificence, or that
when compared with them, deferve much defcription.
The generality of the {prings are in every refpeét fimi-
lar to thofe near Rykum; boiling in caldrons of three
or four feet diameter, and fome of them throwing
their water from time to time, by fudden jets, into the
air. Many {prings in this place, as in the ather, beil
through ftrata of coloured clay, by which they are ren-
dered turbid. Here, however, the red clays were
brighter, and in a greater proportion to the clays of
other colours. Here alfo, as in the valley of Rykum,
are many fmall {prings, which throw out fulphureous
vapour, and near which the ground, and the channel
of the water, are covered and lined with a thin coat

of fulphur.

The farm of Haukadal, and the church of the pa-
rifh, {tand near to each other about three quarters of
a mile beyond the great fpring. The houfe is one of
the beft built in Iceland. It occupies a large {pace of
oround, and confifts of feveral divifions, to each of
which there is an entrance from without. Some of
thefe are nfed as barns and ftables for the cattle, and
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others as work-fhops.* The dwelling part of this houf? -
was fmall but comfortable. There was a parlour with
glafs windows, a Kkitchen, and feparate bedchambers
for the family: The building was partly of ftone,
partly of wood, and covered with fods, under which
the bark of birch trees on boards was placed, as a

greater fecurity againft rain.

We were obliged to the miftrefs of this farm, who
was arich widow, for a very hofpitable reception, altho’
at firft fhe feemed to confider us as rather unwelcome
vifitors, and left us, though we had requefted admit-
tance into her houfe, (aswe were drenched with rain,
and our tents and baggage not yet arrived) to take up
our lodging in the church: We had not been long
there, however, before fhe invited us to her houfe,
and by her kindnefs made ample amends for her former
imattention. She put usin poifeflion of her beft room,
and fet before us plenty of good cream, fome wheat

# As the divifion of labour is yet very imperfedt in Teeland, the
farmer is under the neceflity either of exercifing himfelf the fevéral
trades required in the formation of the inftruments of agriculture, or
of maintaining fuch fervants as are capable to fupply them.
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cakes, fugar, and a kind of tea made of the leaves of
the dryas offopetala.®

I mention thefe circumftances of our reception at
Haukadal, as chara&eriftic of the manners of the Ice-
landers. Several times during my {tay in the country,
I experienced this fucceffion of civility to coldnefs.
The Icelanders are naturally good, but not eafily roufed
to feeling. When once their conftitutional indifference
was overcome, we ufually found them defirous of
pleafing, and zealous to do us fervice,

As the houfe was not fufficiently large to contain the
whole of our party, we were under the neceffity of re-
turning again to the church, as foon as our baggage ar-
rived. Here we paffed the firft and fecond nights of
our ftay, in the neighbourhood of the {prings. On
the third day we left Haukadal, to fix ourfelves in fome
ftation nearer to them, from which we could watch

their eruptions with more convenience.

# Called in Englifh the Mountain Avens. We found this plant
growing very luxuriandly, and in great abundance, in every past of
Iceland that we vifited.
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The view from near the church was very beautiful.
It extended toward the fouth along the plain into an
open country. On the other fide, it was bounded by
hills, which had not the barren and rugged appearance
that deform almoft every fcene in this divifion of the
iland. Itwas, however, ftill finer from fome of the
eminences near the fprings. 'The plain and the fur-
rounding mountains, feen from a height, appeared to
more advantage; and the eruptions from the great
wells breaking from time to time, the general fiillnefs
that prevailed, were much more diftinét, The courfe
of the river winding under the eye, could be traced
with greater accuracy. It flows through the plain into
an open country, where, being increafed by the wa-
ters of numerous ftreams and rivulets, it bends to the
weftward, and near Skalholt falls into a confiderable

river, the Huit-aa,

The pleafant and fertile paftures near its banks were
enlivened by numerous herds of cattle and fheep, the
united riches of three or four farmers in the neighbour-
hood of Haukadal. The mowers alfo at work in the
different fields furrounding each houfe, gave, at this
feafon, additional beauty to the profpet. High hills
fo the weftward were feparated from the eminencies *
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immediately above the fprings, by a narrow valley.
They were partly clothed with bufhes of birch, which
aithough in no place above five feet high, were grati-
fying to the fight, which fo feldom in Iceland can reft
on any appearance even of underwood. Above thefe,
fome vegetation ftill continued to cover the fides of
tie hills, and Mr. WricHT found a variety of plants*
‘near their fummits, which were certainly, in fome
places, not lefs than 1600 feet above the plain.

To the eaftward, the plain, feveral miles in breadth,
was bounded by a long range of blue mountains, ex-
tending confiderably to the fouth. Beyond thefe, the
triple fummit of Hecla may be feen from the weftern
hills; but I could not diftinguith it from the plain, or
even from the heights whence the view of the fur-
rounding country was taken, which I am now de-
{cribing,

To the north behind Haukadal, there were many
high mountains, but ata great diftance, and of which

% Amongft others, he found the falix herdacea (t=0 willow), the
eeraflium tomentofum (woolly moufe ear chickweed), the rumex digy-
sis (round leaved mountain forrel), and the doemigia, (a plant pe-
[.'lillirlr to Iceland), growing in great abundance, though generally in
low and marfhy grounds.
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the moft diftant were covered with fnow. They formed
part of a dreary affemblage of Fokuls or ice-mountains,
ahich occupy a confiderable extent of the interior
country. Their forms were moftly conical; and from
their general refemblance to other mountains in the
ifland, from which ftreams of lava have been emitted,
I think it probable they were once volcanos. They
are not fo connected as to form a continued range or
chain of hills. Each ftands infulated; and therefore
the fnows which have for ages refted on their fides,
are no where accumulated in valleys, and converted
into lakes of ice and glaciers, as amidft the Alps of
Switzerland and Savoy.

A view {o different from the general features of the
country, imprefled us with the moft agreeable fenfa-
tions. Hitherto we could but compare one fcene of
drearinefs with another; and although the view before
us was deflitute of trees, vet the verdure, and pleafant
diftribution of hills and plain, in fome meafure com-
penfated for this deficiency.

I now return to the account of the fprings, which
I bave already obferved break out in different places
from the fides of a hill, and the fpace inclofed be-



30

tween its bafe and the windings of a river. The foil.
through which they rife is a mixture of crumbled ma-

terials, wafhed by degrees from the higher parts of the

hill. In fome places, thefe have been reduced into a

tlay or earth; in others, they ftill remain loofe and

broken fragments of the rocks from whence they have
fallen, ora duft produced by their frition againft each

other. Wherever the ground is penetrated by the
fteam of the {prings, thefe fragments are foon decmn-l-

pofed, or changed into coloured clays. In other places,

the furface of the ground is covered with-incruftations

depofited by the fprings, or witha luxuriant vegetation

of grafs or dwarf bufhes of willow and birch, and the

empetrum nigrum,* the berries of which were at this

titne ripe and in great abundance,

Above the great {pring, the hill terminates in a dou-
ble pointed rock, which Mr. Baiwe found by mea-
furement to be 310 feet higher than the courfe of the
siver. The rock is {plit very ftrangely into lamina, and
at firft fight has much the appearance of a fchiftus, or

# The crow berry. - This is almoft the only fruit we met with in
Tceland. Mr. WricHT found a few ftrawberries.  Neither gooles
Berries nor currants will come to perfedtion by any management
whatever,
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bed of thick flate. It confifts, however, of a grey co-
loured ftone of a very clofe grain, the feparate pieces
of which, although divided as they lay, do not break
in the hand in any particular direttion. I thould fup-
pofe the fubftance of this rock to be chiefly argilla-
ceous, and that, like every other ftone in the ifland, it
has fuffered fome change by the action of fire, Ido
not mean to call it lava, as it bears ne mark of having
been once in a melted ftate, whatever baking or indura-
tion it may have fuftained in the neighbourhood of
fubterraneous heat. It contains no heterogeneous
matter, or cavities, in which agates, or zeolites, or
vitrified fubftances of any kind, could have been
formed.

All thefe rocks that have been either altered or
created by fire, feem much more liable to decay and
decompofition than any others I have ever feen.—
Mounds, fimilar to thofe in the valley of Rykum, have
been formed by the ruins of the hill half way up its
alcent, between the Geyzer and the pointed rock.
Springs boil in many places through thefe mounds, and
near to one of them, I obferved that the coloured clay
felt much more foapy than any I had tried before.—
This quality probably was owing to a greater propor-
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tion of the earth of magnefia in its compofition, as i
other refpeéts it agreed perfeétly with the reft.

My attention, during the four days I remained in
this place, was fo much engaged by the beauties and
remarkable circumftances of the two principal {prings,
that I cannot (were I fo inclined) give you a minute
account of thofe which, nextto them, were deferving
of notice. The fprings in general refemble thofe at
Rykum; but there are five or fix which have their pe-
culiarities, and throw up their waters with vivlence to
a confiderable height. Their bafons are of irregulaz
forms, four, five, or fix feet in diameter, and from
fome of them the water rufhes out in all direétions,
from others obliquely. The eruptions are never of
long duration, and the intervals are from 14to 30 mi-
nutes. The periods of both were exceedingly variable.
One of the moft remarkable of thefe fprings threw outa
great quantity of water, and from its continual noife we
named it the Roaring Geyzer. The eruptions of this
fountain were inceflant. The water darted out with
fury every four or five minutes, and covered a great
{pace of ground with the matter it depofited. The jets
were from thirty to forty feet in height. They wers
thivered into the fineft particles of {pray, and fuz-
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rounded by great clouds of fteam. The fituation of
this fpring was eighty yards diftant from the Geyzer,
en the rife of the hill.

I fhall now, Sir, attempt fome defcription of this
celebrated fountain, diftinguifhed by the appellation of
Geyzer alone, from the pre-eminence it holds over all

the natural phenomena of this kind in Iceland.

By a gradual depofition of the {ubftances diffolved in
its water for a long fucceffion of years, perhaps for
ages, a mound about thirty feet high has been formed,
from the centre of which the Geyzer iffues. It rifes
through a perpendicular and cylindrical pipe, or fhaft,
{ixty-one feet in depth, and eight feet and a half in dia-
meter, which opens into a bafon or funnel, meafuring
fifty-nine feet from one edge of it to the other.—
The bafon is circular, and the fides of it, as well
as thofe of the pipe, are polifhed fmooth by the con-
tinual friction of the water, and they are both formed
with fuch mathematical truth, asto appear confiructed
by art. The declivity of the mound begins immedi-
ately from the borders of the bafon. The incruftations
are infome places worn fimooth by the overflowing of

the water; in moft, however, they rife in numberlefs
F
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fittle tufts, which bear a refemblance to the heads of
cauliflowers, except that they are rather more promi-
nent, and are covered, by the falling of the finer parti-
cles of {pray, with a cryftalline efflorefcence fo delicate
as fcarcely to bear the {lighteft touch. Unmolefted,
the efflorefcence gradually hardens, and although it
lofes its firft delicacy, it flill remains exceedingly beau-
tiful.

Thefe incruftations are of a light brown colour, and
extend a great way, in various direétions, from the
borders of the bafon. To the northward they reach to
a diftance of 82 feet; to the eaft, of 865 to the fouth,
of 118; and of 124 to the weft. They are very hard,
and do not appear, in any part, decaying, or moul-
dering into foil, *

# The fubftance of thefe incruftations has been analyfed by Pro-
feffor BErGMar, and he gives a long and particular account of it in
a letter to the Archbifhop of Upfal, publifhed with the Archbithop's
Letters on [celand.  He fays, & The firongeft acids, the fluor acid
“ pot excepted, are not fufficient, with a boiling heat, to diflulve
¢ this fubftance. It diffolves very lictle (if at all) by the blow pipe,
¢ with the fufible falt of urine, a little more with borax, and malkes
“ a firong effervefcence with fal fode. Thele effeéls are peculiar
¢ only to a (liceous carth or flint. There cannot remain therefore
¢ a doubt concerning the nature of this cruftated fione.”

=

-
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When our guides firft led us to the Geyzer, the ba-
fon was filled to within a few feet of its edge. The
water was tranfparent as cryftal; a {light fteam only
arofe from it, and the furface was ruffied but by a few
bubbles, which now and then came from the bottom of
the pipe. We waited with anxiety for feveral minutes,
expecting at every inftant fome interruption to this
tranquillity. On a fudden, another {pring, immedi-
ately in front of the place on which we were ftanding,
darted its waters above an hundred feet into the air
with the velocity of an arrow, and the jets fucceeding
this firft eruption were ftill higher. This was the
fpring already mentioned under the name of the New

Geyzer.

While gazing in filence and wonder at this unex-
pefted and beautiful difplay, we were alarmed by a

fudden fhock of the ground under our feet, accompa-
nied with a hollow noife, not unlike the diftant firing

of cannon. Another fhock foon followed, and we ob-
ferved the water in the bafon to be much agitated. The
Icelanders hattily laid hold of us, and forced us to re-
treat fome yards. The water in the mean time boiled
violently, and heaved as if fome expanfive power were
labouring beneath its weight, and fome of it was thrown
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up a few feet above the bafon. Again there were twor
or three fhocks of the ground, and a repetition of the
fame noife. In an inftant the furrounding atmofphere
was filled with volumes of fteam rolling over each other
as they afcended, in a manner inexpreflibly beautiful,
and through which, columns of water, fhivering into'
foam, darted in rapid fucceffion to heights which, at the
time, we were little qualified to eftimate. Indeed, the
novelty and {plendour of fuch a feene had affeéted our
imaginations fo forcibly, that we believed the extreme
height of the jet to be much greater than it was afters
wards determined to be. In a i'ubfequcnt. eruption,
Mr. Barve alcertained, by means of a quadrant, the
greateft elevation to which the jets of water were
thrown, to be gb feet.

Much of the water begari to defcend again at different
heights, and was again projefied by other columns,
which met it as they rofe. At laft, having filled the
bafon, it rolled in great waves over its edge, and form-
ing numberlefs rills, made its way down the fides of the
mound. © Much was loft in vapour alfo, and ftill more
fell to the ground in heavy fhowers of {pray. The
intervals at which the feveral jets fucceeded each othery

were too fhort for them to be diftinguifhed by the eye
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As they rofe out of the bafon, thev reflected, by their
denfity, the pureft and moft brilliant blue. In certain
fhades, the colour was green, like that of the fea; but
in their further afcent, all diftinétion of colour was
loft, and the jets, broken into a thoufand parts, ap-
peared white as fnow. Several of them were forced
upwards perpendicularly; but many, receiving a flight
inclination as they burft from the bafon, were pro-
jected in beautiful curves, and the fpray which fell
from them, caught by a fucceeding jet, was hurried
away ftill higher than it had been perhaps before.

The jets were made with inconceivable velocity, and
thofe which efcaped uninterrupted terminated in fharp
points, and loft themfelves in the air. The eruption,
changing its form at every inftant, and blending vari-
oufly with the clouds of fteam that furrounded it, con-
tinued for ten or twelve minutes; the water then fub.

fided thmugl{ the pipe, and difappeared.

- The eruptions of the Geyzer fucceeded each other with
fome degree of regularity, but they were not equally vio-
lent, or of equal duration, Some lafted fearcely eight
or ten, while others continued, with unabated violence,

fifteen or eighteen minutes. Between the great erup-
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tions, while the pipe and bafon were filling, the water
burft feveral times into the airto a confiderable height.
Thefe partial jets, however, feldom exceeded a minute,
and fometimes not a few feconds, in duration.

After the eruption of it had been violent, the water
funk into fubterraneous caverns, and left the pipe
empty. If the eruption had been moderate, the fub-
fidence of the water was proportionably lefs. The firft
time the pipe was perfectly emptied, we founded its
depth, and found the bottom very rough and irregular.
The pipe remained but a fhort time empty. Aftera few
feconds, the water rufhed into it again with a bubbling
noile, and during the time that it was rifing in the pipe,
it frequently darted fuddenly into the air to different
heights, fometimes to two or three, fometimes fixty
feet above the fides of the bafon. By a furprife of this
kind, while we were engaged meafuring the diameter
of the well, we had nearly been fcalded ; ‘and although
we were able to withdraw ourfelves from the great
body of water as it afcended, yet we remained expofed
to the falling fpray, which fortunately was fo much

cooled in the air as to do us no mifchief.
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Of thefe jets we counted twenty in an hour and an
half, during which the waters had filled the pipe, and
in part the bafon. It then feemed oftentimes agitated,
and boiled with great violence. The jets were more
beautiful, and continued longer, as the quantity of wa-
ter in the bafon increafed. The refiftance being greater,
their force was in fome degree broken, and their form,

more divided, produced a greater difplay of foam and
vapour. =

While the pipe was filling, we threw into it feveral
ftones of confiderable weight, which, whenever the
water burft forth with any violence, were projeted
much higher than itfelf. Thefe ftones in falling were
met by other columns of water, and amidit thefe they
rofeand fell repeatedly. They were eafily diftinguifhed
amidft the white foam, and contributed much to the

novelty and beauty of this extraordinary phenomenon.

When the bafon was nearly full, thefe occafional
eruptions were generally announced by fhocks of the
ground, fimilar to thofe preceding the great eruptions.
Immediately after the fhocks, the whole body of water
in the bafon heaved exceedingly; a violent ebullition

then took place, and large waves fpread themfelves in
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circles from the centre, through which the columa
forced its way. : ]

When the water had been quiet in the bafon for fome
time, the thermometer placed in it ftood at 180° only,
but immediately after an eruption it rofeto 200°. We
boiled a piece of falmon in it, which tafted exceed-
ingly well, not being in the leaft tainted with fulphur,
Our cookery at Rykum had not been quite {o fuccefs-
ful.

The water thrown out from the Geyzer is joined at
the bottom of the mound by that which flows from the
fpring called the Roaring Geyzer, formerly defcribed.
The ftream produced by their united waters flows three
or four hundred paces before it falls into the river,
where its temperature is reduced to y2% Even at this
place is depofited much of the fubftances it contained;
but during the whole of its courfe, the plants growing
pn its banks were covered with beautiful incruftations.
Some of thefe we withed to preferve, but from theix
extreme delicacy they fell into pieces on every attempg

to remove them.
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The fituation of the New Geyzer* is in the fame
line from the foot of the hill with the Great Geyzer.
Its pipe is formed with equal regularity, and is fix feet
in diameter, and forty-fix feet ten inches in depth. It
does not open into a bafon, butitis nearly furrounded
by a rim or wall two feet high. After each eruption,
the pipe is emptied, and the water returns gradually
into it, as into that of the Old Geyzer. During three
hours nearly that the pipe-is filling, the partial erup-
tions happen feldom, and do not rife very high; but
the water boils the whole time, and often with great
violence. The temperature of the waters after one of

thefe eruptions, was conftantly found to be 212°% Few

# Before the month of June, 1589, the year I vifited Iceland,
this fpring had not played with any great degree of violence, ar leat
for a confiderable time. (Indeed the formation of the pipe will not
allow us to Muppofe, that its eruptions had at no former period been
violent). Butin the month of June; this quarter of Ictland had
fuffered (nme very fevere thocks of an earthquake ; and it is not un-
likely, that many of the cavities communicating with the bottom
of the pipe had been then enlarged, and new fources of water opened
intoe them. The difference between the eruptions of this fountaing
and thofe of the Grear Geyzer, may be accounted for from the cir-
cumitance of there being no bafon over the pipe of the firft, in which
any water can be contained to interrupt the column as it rifes. 1
fthould heve ftate, that we could net difcover any correfpondence be-
tween the eruptions of the different (prings.

@
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incruftations are formed round this fpring, excepting
in the channel where the water flows from it.

The great eruption is not preceded by any noife, like
that of the Great Geyzer. The water beils fuddenly,
or is heaved over the fides of the pipe; then fubfiding
a little, it burfts into the air with inconceivable vio-
lence. The column of water remains entire, until it
reaches its extreme height, where it is fhivered into the
fineft particles. Its direction was perpendicular, and
greateft elevation 132 feet. Like the eruption of the
Old Geyzer, this confifted of feveral jets, fucceeding
each other with great rapidity. Whatever we threw
into the well was hurled into the air with fuch fwiftnefs
that the eye could fcarcely difcern it,* and the divifion
of the water at the extremity of the column was {o mi-
nute, that the fhowers of {pray which fell were cold.
Towards the end of an eruption, when more fteam than
water rufhed from the pipe, I ventured to hold my hand
near the edge of the column, in the way of fome of the
divided particles of water, and found them tepid only.

% Mr. Batwe meafured the height to which a flons was thrown
by onc of thefe jete, and found it 129 feer. Some others rofe
sonfiderably higher.
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You may probably think this a rafh experiment, and
certainly it was fo. Butwe had made our obfervations
on the uniform direion of the column, and confided
our fafety in it. Once or twice, however, we had rea-
font to think ourfelves more fortunate in efcaping. than
prudent in avoiding, the danger which attended a too
near approach to thefe eruptions of boiling water,
During ten or fifteen minutes, the water continued to be
thrown upwards with undiminithed impetuofity. At
the end of that period the quantity became lefs, and at
length, ceafing entirely, fteam alone afcended. In one
inftance the eruption continued thirty minutes. It
feldom, however, exceeded twenty, and fometimes
was completed in fifteen minutes. The force with
which the fteam rifes abates as the water finks in
the pipe, and when this is exhaufted, that foon difap-

prears.

I have now, Sir, given you fuch a defcription of
thefe celebrated fountains as was in my power. I hope
that it will afford you fome fatisfaction, and I could
wifh that it might ferve as an inducement to fome cu-
rious inquirer into the hiftory of nature to vifit them,
who fhall have all the knowledge requilite for making
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fuch obfervations as are yet to be defired concerning
them. I cannot flatter myfelf, that the defcription I
have attempted of their eruptions will imprefs you with
a juft idea of their beauty. Sources of comparifon are
wanting, by which the portraiture of fuch extraordi-
nary {cenes can be affifted. Nature no where offers
objeéts bearing a refemblance to them; and art, even
in conftruéting the water-works of Verfailles, has pro-
duced nothing that can at all illuftrate the magnificent
appearances of the Geyzer. All then that I hope for is,
te have faid fo much as may enable you to complete
in your imagination, the picture which I have only
flzetched. Imagination alone can fupply the noife and
motion which accompany fuch large bodies of water
burfting from their confinement; and muft be left to
paint, what I have not been able to defcribe, the bril-
liancy of colouring, the purity of the {pray, the quick
change of effect, and the thoufand varieties of form into
which the clouds of fteam, filling the atmofphere on
every fide, are rolled inceffantly. |

I have avoided entering into any theory of the caufe
of thefe phenomena, that you may not fuppofe the ac+
count I give you has been biaffed by a favourite hypo-
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thefis. I have given you an accurate ftate of fafts, and
T leave to you the explanation of them. There can-
not, however, be two opinions concerning the imme-
diate caufe which forces the water upwards. It is ob-
vioufly the elafticity of fteam endeavouring to free
itfelf. In addition to this, the form of the cylinder
through which the water rifes, gives it that projeétile
force which carries it fo high. Beyond this, it would

not become me to hazard any opinion.

Of the antiquity of thefe {prings T can fay nothing,
further than that they are mentioned as throwing up
their waters to a great height by Saxo Grammarr-
cus, in the Preface to his Hiftory of Denmark, which
was written in the twelfth century; but from the gene-
ral features of the country, it is likely, that they have
exifted a great length of time, The operations of fub-
terraneous heat feem indeed to be of great antiquity
in Iceland, and the whole country probably owes its
exiltence to the fires which burn beneath its furface,
Every hill proves, at leaft, with what violence thefe
fires have acted for ages; and the terrible eruptions of
Java, which burft from the mountains of Skapte-
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Ar Awarvsis of the WaTERs of fome HoT SerINGs
in IceLanp. By Josern Brack, M. D. Profefn
of Medicine and Chemifiry in the Univerfity of Edin~
burgh; Firff Phyfician to his Majefty for Scotland,
Feliow of the Royal College of Phyficians, and of the
Royal Society of Edinburgh; Member of the Academy of
Sciences, and of the Society of Medicine of Parisy of
the Imperial Acadenty of Peterfourgh, &c¢. &c.

[Read Fuly 4, 1791.]

SIR Josern Bawks, to whofe indefatipable ardour
for the advancement of natural hiftory, the philofophi-
cal world is fo much indebted, made a voyage to Ice-
land in the year 1772, toinquire into the produdtions
of that remote part of the world, and particularly into
thofe of its famous volcano, When he returned, he

H
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brought from thence, among many other natural pro-
duttions, fome petrified vegetables, and incruftations,
formed by the waters of the boiling {prings; and he
was fo good as to prefent a part of them to his friends
here, who were furprifed to find them compofed of
filiceous earth.  As this was the firft example obferved
of water containing this earth in fuch quantity as to
form filiceous petrifactions, it raifed a firong defire to
have an opportunity of examining the water, and of
learning by what means this filiceous matter was dif-
folved in it; and this opportumnity was at laft given us
by Joux Tuomas Stanvrev, Efg. who, excited by
motives fimilar to thofe of Sir Josern Bawks, equip-
ped likewife a veflel, and made a voyage te Iceland,
during the fummer 1789. He brought from thence,
and from the Faro Iflands, a number of fine fpecimens
of volcanic and other foffil productions, and along with
them, a quantity of the water of the two moft remark-
able boiling and expleding fprings of Iceland, called
by the natives Geyzer and Rykusr; and having favoured
me with a pertion of thefe waters, and expreffed his
‘defire that T would examine them, I have accordingly
made a number of experiments with them, an account
of which ¥ fhall now fubmit to the Society, If the de-
tail of it fhould appear tedious ; if I fhall be thought tor
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have given much attention to very fmall matters, it
muit be confidered, that the nature of the fubjeét re-
quires exactnefs. The quantities of the materials which
are to be examined in fuch experiments, are but {mall,
though it often happens, that thefe {mall quantities of
matter, acting in nature for a great length of time, pro-
duce accumulations, and other effefts, that ap;:ar very
furprifing and worthy of attention. I muft alfo confefs,
that I took pleafure in promoting, as far as I could,
the information concerning Iceland, which the phi-
lofophical zeal and fpirit of the Gentlemen I mentioned,
have procured for us.

Both thefe waters had a weak fmell of the Hepatic
Gas, or a fmall degree of the odour, which is well
known in Harrowgate, and other fulphureous waters.
The quantity, however, of this fulphureous matter in
them was fo very fmall, that I was not able, by any ex-
periments, to obtain it in a feparate ftate, or bring it
into view in any form whatever. I therefore could

not make any attempt to eftimate the quantity of it.

Thofe who are acquainted with fulphureous waters,
know that an incredibly {mall quantity of their volatile
fulphureous matter is fufficient to give a perceptible
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odour; and it is fo liable to be decompounded and
changed, while we attempt to feparate it from water,
that fuch an attempt never fucceeds when the quantity
of it is {mall. There was alfo reafon tu believe, that
fome part of it had already been loft or changed during
the voyage, this matter being one of thofe volatile in-
gredients of mineral ﬁraters, which are the moft liable
to be evaporated or changed by the adtion of the air,
and azﬁer caufes. 1 therefore think it fufficient to

mention, that thefe waters contained a fmall quantity
of this fubftance.

I began by making a few preliminary trials, to ac-

quire fome notion of the nature of thefe waters.

1. An equal quantity of lime-water being added to
the Iceland waters, there was a little diminution of trans
fparency, but only in the fimalleft degree, and no fedi-

ment was formed,
2. Mild volatile alkali produced no effect whatever,
3. Paper ftained blue with the March violet, being

dipped into the water and dried, had 1S r:.ﬂlﬂur chnnged
a.htflr: towards a green, :
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4. Cambric ftained to a blueith purple, with infufion
of litmus, affumed a more perfect blue colour, when
dipped into the water and dried.

g. Acid of fugar did not produce a perceptible
muddinefs or precipitation,

6. Nor did the folution of corrofive {ublimate.

7. The folution of fal faturni (plumbum acetatum)
made the water very muddy, and white, but a fmall
quantity of diftilled vinegar re-diffolved nearly the
whole of the precipitate, and made the water almoft
perfeétly clear again,

8. The folution of barytes in muriatic acid made
the water become muddy, and depofit a fediment,
which was not re-diffolved by adding purified nitric
acid.

g. The folution of filver produced a ftrong muddi-
nefs, and confiderable precipitation, which was not
re-diffolved by adding purified nitric acid.
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The laft trial fhewed the prefence of the muriatic
acid, and the one preceding it, that of the vitriolic
acid in the compofition of thefe waters; but by the 3d,
4th, and yth, I alfo learned, that there was more than
enough of alkaline matter to faturate both of them, The
gth trial {hewed that the alkaline matter was not calca~
cerous earth, but alkaline falt; and the 6th, that this
alkaline falt was not the volatile, but one of the fixed
alkalis. The 1ft trial fhewed, that this unfaturated
fixed alkali was not combined with air, or that if any
was combined with it, the quantity was {o fmall as to be
fcarcely perceptible. |

None of thefe trials gave any indication of the earthy
matter contaitied in thefe waters ; and as my principal
object was to inveftigate the nature of their petrifying
power, I now began with the following experiment :

Evaporation of the Water.

I evaporated 10,000 grains weight of each of thefe
waters to drynefs with a gentle heat, in feparate glaffes.
The dry extrat of the water of Rykum weighed
gr. 8.25, and that of Geyzer, gr, 10.
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The evaporation was performed in cylindrical glafs
veflels, about 3 inches wide and 71 deep, which re-
ceived heat from the fteam of boiling water, ‘not di-
rectly, but through the intervention of white-iron
cafes, which fitted the glaffes, and in which they hung.
I have often ufed this apparatiis in examining and com-
paring different waters; and the advantages of it are,
that the greater part of the fixed matter is collefted on
a fmall furface; that the glaffes are fo moderately heated,
that they bear water to be added, during the evapora-
tion, without danger of breaking; and lafily, when
the whole water is evaporated, the fixed matter, while
it is thoroughly dried, by leaving it expofed fome hours
to the heat, never becomes fo hot as to {uffer the lofs of
any part of the acid of the faline compounds which it
may contain, and when it is dry, the quantity of it is
accurately determined, by weighing it in the glafs; the
weight of which can be afcertained, both before the
water is put into it, and after the extract is taken out.

In the end of thefe evaporations of the Iceland wa-
ters, they emitted an odour fimilar to that of alkaline
leys, which contain an alkali not very pure or well
calcined, and afterwards, when the evaporation was
nearly completed, the refiduum affumed the form of
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a tranfparent jelly, which had nearly the thicknefs of
half a crown. This jelly afterwards became divided
by filfures, into a great number of fmall portions,
which, in drying, contrafted their fize, and greatly
.widened the fiffures, forming at laft a number of {fmall
fragments of white cruft, unconneéted with one ano-
ther, and not adhering to the bottom of the glals, A
fmall quantity only of this matter attached itfelf to the
fides of the glafs during the evaporation, and formed
there circles of an exceeding thin incruftation, which
adhered ftrongly, and required much paticnce to fcrape

it oft with a knife.

Thefe pheriomena are exaétly fimilar to thofe which
appear in evaporating water which contains filiceous
earth, diffolved in it ar:iﬁtiélly by means of an alkaline
falt. The colour of the dry matter obtained from Ry-
kum water was almoft a pure white; that of the wa-

ter of Geyzer was a yellowifh white,

While thefe dry extracts were kept for fome time in
the glaffes, placedin a cold room, in the winter {feafon,
they attracted humidity, and the extra&t of Geyzer at-
tracted the moft. Eight grains of the extratt of Ry-
kum attraéted in one week four grains of humidity ; the
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fame quantity of the extract of Geyzerattrafted in the
fame time ten grains of humidity. My attention, how-
ever, was turned for fome time from thefe experis
ments ; but refuming them again after fome months, I
found that thefe extralts remaining in the {ame glafles,
and in the fame room, had again become dry, and
had loft the greater part of the weight which they had
acquired at firft by attraéting humidity. This I im-
puted partly to the ftate of the atmofphere, and pardy
to their having attracted fixed air, by their union with
which they had loft their ftrong attraction for water.

The conflituent parts of thefe extracts were next to be
inveftigated. I {foon perceived that they contained a
portion of alkaline falt not faturated with acid, which
became evident when a imall quantity of them was wet-
ted and applied to paper ftained with the juice of violets,
or the colouring matter of the common purple radiths
the colour in either cafe was changed to a green. 1
further collected and fcraped thefe extratts out of the
glafles, and placing each in a fmall fiitre, I dropped
diftilled water on them repeatedly, until the water came
away from them infipid. The waters which had been
thus filtrated through them were put into china cups,

and the greater part evaporated with a gentle heat, the
1



58

reft was allowed to evaporate fpontaneoufly in a drv
room. Thus, a number of {mall faline cryftals were
formed, which were partly regular cryftals of common
falt, and partly cryftals of an oblong and flatted form,
larger than thofe of the common falt. Thefe larger
cryftals were diftinguithable, not only by their form,
but by fome of their properties, They became white,
epaque, and mealy i dry air, and being taken out,
pad tafted and tried in different ways, were found to
contain fome of the foffil alkali in a cryftallized ftate.

The undiffolved matter which had remained on the
filtrating paper, appeared by its properties to be totally
or principally made up of filiceous earth. Itwas white
and exceedingly fpungy and light. A fmall portion
of it was triturated, and made into a pafte with water;
which pafte being laid on a piece of charcoal and dried,
avas heated intenfely with the blowpipe. No part of
it was melted ; it was only contracted in its dimen-
fions, and acquired a weak degree of cohefion.  Ano-
ther fimall portion was triturated dry, with an equal
sveight of agrated and exficcated foflil alkali; aud be-
ing put into a fmall platina {poon, againft the bottom
of which the flame of the blowpipe was {trongly di-
sected; the mixturg was foon melted into a tranfparent
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colourlefs glafs, which afterwards, by being digefted,
with a fmiall quantity of diftilled water, was completely
diffolved, and formed a liquor which had all the qua-
lities of the Jiguor Jilicum.

I need not take notice here of the quanfity of thé
earth, and faline matter which were in fome meafure
{eparated from one another in this experiment. I had
reafon to fufpeét, that neither of them were obtained in
this way without fome lofs. The odour emitted by
the water in the end of evaporation, gave reafon to fuf~
pect the lofs of fome part of the falts; and it was pro=
bable that a part of the earth would remain combined
with the alkali, in a foluble flate, in the dry extrad,
and would pafs through the filtre, when I diffolved and
wafhed away the faline matter,

1 therefore planned a fet of experiments, by whicl
the quantity of each ingredient in thefe waters might
be more certainly known ; and began with the follow-
ing



6o

Experiments to inveftigate the Quantity of the unneya
tralized alkaline Salt.

In making the experiments to decide this queftion,
¥ made ufe of an acid, which I had often employed be-
fore in experiments, to learn the quantity of pure or
cauftic alkali, contained in aérated alkalis, and in va-
rious barillas, kelps, and other fuch heterogeneous
maffes. This acid was a quantity of the vitriolic,
the power of which, in faturating pure alkalis, I had
carefully examined, and I was accuftomed to add it very
gradually to filtrated folutions of the above {ubftances,
until they were exaftly faturated ; and then, from the
quantity of acid required to produce this effet, I learned
the quantity of un-neutralized alkali which thefe fub-
ftances contained, The fpecific gravity of this vitriolic
acid, compared with that of water, was as 1793 to
1000, in a temperature of heat equal to 6o of Fan-
rexsEIT. When T had ufed it on former occafions,
I diluted fome of it, with four times its weight of
diftilled water, and ufed this mixture in place of the
pure acid, that I might the more readily portion it into
fmall dofes; but on this occafion, I made a mixture of

it, with about 1oo times its weight of diftilled water ;
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and effaying this mixture afterwards, with great atten-
tion, I found that 112 grains of it faturated one crain
of the pure alkaline part of the alkali of tartar, and
171.5§ grains were required for the faturation of one
grain of the pure, or cauftic part of the fofiil alkali,

With this largely-diluted acid, the ftrength of which
was thus afcertained, I began to inveftigate the quan-
tity of alkali in the Tceland waters. T gave a pale pur-
ple, or blue colour to a portion of the Rykum water,
by adding a few drops of an infufion of litmus, the
bluith purple of which became more blue when mixed
with this alkaline water, and T began to add, very
gradually, fome of the largely-diluted vitriolic acid,
expelting to fee the colour change to a reddith purple,
when the alkali became completely faturated. This
method, however, did not fucceed fo well as T had
fuppofed; foralthough I changed the colour to a red-
difh purple, or even to a pure red, by adding an ex-
ceeding fmall quantity of the diluted acid, the red thus
produced was not permanent. Next day, 1 found it
returned again to the blue, and requiring a new addi-
tion of acid ; and this happened fo often, after repeated
additions of acid, that this procefs appeared very tedi-
ous, and {carcely capable of being brought to a pre-
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eife limit; for in proportion as I continued the pro-
cefs the longer time, or had made the more numerous
additions of acid, the time neceffary for the return of
the colour from red to blue was always the longer, and
at laft was no lefs than feveral weeks.

Thefe phenomena appear to me to have proceeded
from the very weak and flow aétion of the acid and
alkali on one another, in confequence of the excef-
fively-diluted ftate in which they were mixed together,
the alkali at the fame time not being pure, but com-
bined with the filiceous earth, a fubftance for which it
has a confiderable attrattion. I therefore fuppofed,
that when I added the {fmall dofes of diluted acid, the
acid particles remained for fome time difperfed through
the liquor, without joining the alkali, and the water
contained, at the fame time, a filicated alkali, if I
may fo eall it, and an unfaturated acid ; but the colour
of litmus being much more difpofed to be affefted and
changed by acids than alkalis, it became red, and re.
tained this colour as long as any particles of the acid
remained unfaturated. Thefe, however, after fome
time, being all attracted and faturated by the alkali, the
colour was again changed by the remaining unfaturated
alkali.
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It may, perhaps, be fufpected, that a {mall quan~
tity of fixed air, detached from the alkali, might be the
caufe of this temporary red colour, and that the co-
lour returned again to blue, when the fixed air evapo-
rated from the water; and I know, thata very fmall
quantity of fixed air contained in water, is fufficient to
change the colour of litmus, and that a confiderable
time is required for its evaporation from the water;
fo that the litmus may recover its natural tint: but it is
equally true, that the fixed air never requires fo long a
time for its evaporation as feveral weeks, and that it has
not the power to redden litmus, when an alkali is pre-
{ent, except when the quantity of the alkali is exceed-
ingly fmall, and that of the fixed air incomparably
more than fufficient for faturating the alkali. In the
prefent cafe, the laft of thefe conditions never could
take place, the quantity of acid added at once being far
too {mall to detach enough of air, even although the
alkali had been originally faturated with air, which it
certainly was not ; it appeared rather to bein a cauftic
ftate, or very nearly cauftic. This reafoning fuggefted
‘to me another mode of making the experiml:nt,. which

fucceeded perfectly in a moderate time,
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The foregoing experiments, and others which I
made with fmall quantities of the water, enabled me
to form {ome judgment of the proporiion of acid ne-
ceffary to faturate the alkali which this water contained.
1 therefore added to 10,000 grainsof the Rykum water,
200 grains, accurately weighed, of the dargely-diluted vie
triolic acid; which quantity I judged to be confidera-
bly more than fufficient for faturating the alkali of this
water; and after the acid was poured in, the fmall and
Eght glafs in which it was weighed was rinfed feveral
times with diftilied water, which was added to the Ry-
kum water. I alfo gave it a pale tinfture with fume
drops of the infufion of litmus, and then boiled the
water gently in a thin-bottomed glafs, until it was re-
duced to onefourth of its firft quantity. It diill conti-
mued of a red colour, without the leaft tendency to a
purphih hue, and fhewed that the acid was more than
«enovigh to faturate the alkali,

It was neceffary, in the next place, to learn with
certainty, how much of the acid had been fuperfluous.
With this intention, I added a largely-diluted folution
of alkali of tartar in diftilled water. In this folution,
the pure alkali, confidered as diftinét from the air which
was joined to it, conftituted one fortieth part of the
weight of the fluid. I weighed 38.6 grains of this fo-
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lution ; which quantity I knew, by the previeus expe-
riments, was exactly, or nearly fufficient for faturating
the fuperfluous acid. 1 poured it at once into the hot
water, and rinfing the fmall and light glafs in which
it was weighed two or three times with diftilled water,
1 poured in this alfo. A little effervefcence appeared
in the hot water ; I therefore fet it again on the furnace
to boil, that the fixed air might be expelled, and I
added now and then a little diftilled water, to prevent
it from boiling down too much. In lefs than half an
liour’s boiling, the fixed air being all expelled, the co-
Jour changed from red to purple, with a very fmall ten-
dency towards the red. This fhewed that the quan-
tity of falt of tartar, which had been added, was ex~
actly fufficient for faturating the fuperfluous acid.
Had the faturation not been fufficiently exact, I could
have added a little more of the alkali, or a little more of
the acid, as I had done in the fimaller effays which were
preparatory to this; but the tint of colour which I had
here produced, was that which I had found to be the
moft difcernible and fatisfactory fign of exat fatura-
tion, in former experiments; and it is proper to men-
tion, that one grain more of the largely-diluted vitriolic
acid changed this purple, very remarkably, to a more

decided red, and that with one grain lefs, the hue of
K
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the purple, by being inclined to blue, would have been
equally diftinguifhable; of which I fatisfied myfelf, by
adding as much of the folution of falt of tartar as fatu-
rated one grain weight of the largely-diluted acid.

The quantity of the diluted acid added at firft was
200 grains. From this was to be fubftrafted 108.32
grains, the quantity faturated by the 38.6 grains of the
folution of falt of tartar; the remainder is gr. ¢1.68.
From this quantity, however, we mult make another
deduétion ; for, as Profeflor BEr 6 M aw juftly obferved,
the infufion of litmus contains fomething which is of
an alkaline nature, oris capable of faturating a certain
quantity of acid. To learn how much was to be de-
ducted on this account, I tinged a fmall quantity of
diftilled water, with the fame number of drops of the
infufion of litmus that I had ufed in tinging the Tceland
water, and then making the diftilled water boiling hot,
I began to add fome of the largely-diluted vitriolic acid,
and kept the water boiling all the time. The firft ad-
ditions of acid, as I expelted, did not produce a change
of eolour, or, if any change was produced, it foon
difappeared again, while the water was boiling; but as
foon as I had added gr. 3.5, a permanent change was
produced to a reddifh purple. This quantity therefore
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muft, in thenext place, be deducted from the gr. g1.68,
and thus we have gr. 88.18, as the quantity of the di-
luted vitriolic acid which was employed folely in fatu~
rating the alkali of the water, But from the eflays L
had made of the power of this diluted acid in faturating
alkalis, it is evident that this quantity of it was fuffi-
cient for faturating gr. 0.5 14 of the pure, or cauftic fof-
fil alkali, or gr.0.857 of that which is faturated with
air, and evaporated to drynefs, or about gr. 2.38 of
that which is faturated with air, and in form of tran-

fparent cryftals.

The next ftep was to make a fimilar experiment to
determine the proportion of alkali in the Geyzer water;
but here I found it neceffary to change a little the mode
of afcertaining the point of faturation.

The water of Geyzer, by means of the fulphureous
gas, which it contained in greater quantity than the
other, and perhaps ‘alfo by means of fome of the other
ingredients which it contained, and which gave it a
light yellowifh colour, produced fuch a change in the
colour of litmus, that it could not be employed, as in
the laft experiment, by mixing it with the acidulated
water, and boiling them together; the purple of the
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litmus was changed to an orange, which could not be
made to return to blue or purple, although I added a
quantity of alkali; which rendered the liquor very evi-
dently alkalise, when it was examined by other trials.
1 therefore had recourfe to the common method, which
I had formerly practifed in many other experiments of
a fimilar nature, I mean the ufe of linen rags, or bits
of cambric, which had been tinged with an infufion of
litmus. A little bit of thefe, when touched with a k-
quor that is in the fmalleft degree acid oralkaline, has
its colour changed from the purple to red or blue.
This method is, next after the one emploved in the
laft experiment, the moft nice that I know ; provided
that, in having recourfe to it, we remember what was
remarked in the former experiment, that the litmus co-
lour is affected by acids in general much more eafily
than by alkalis; and that, though a liquor contain a
fmall quantity of alkali, if this be faturated and fuper-
faturated with fixed air, the firft effe€l of fuch liquor
upon the ftained paper, will be to change it towards a
red. This tint of colour, however, being produced
by the fuperfluous aérial acid, is made to difappear, by
drying- the bit of cambric. The colour of it, while
drying, will quickly change from the red to purple,
and from that to blue, in confequence of the evapo-
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ration of the fuperfaturating air. Being apprifed of
this particular, I firlt made fome preparatory experi<
ments, with gr. 1000, and alfo with gr. 10,000 of the
Geyzer water, and afterwards a more fatisfactory one
with gr. 10,000 of the fame, in the following man«

ner:

To gr. 10,000 of the Geyzer water, I added gr. 400,
accurately weighed, of the largely-diluted vitriolic
acid, and began foon after to evaporate the water, by
boiling it gentlyin a thin-bottomed glafs, The above
quantity of acid T knew to be confiderably more than
what was {ufficient for faturating the alkali.

‘The wateér was boiled uatil it was reduced to a quan-
tity little exceeding gr. 3000, I then added gr. 84.5 of
the dilute folution of falt of tartar, and boiled the wa-~
ter again gently until it was reduced to gr.z2o00. In
weighing fuch fmall quantities of acid, or alkaline li-
quors, as wereadded to the water in thefe experiments,
it is ealy to adjuft the weight with the greateft preci-
fion, by dipping the end of a {lender glafs rod, or of a
pointed flip of paper, into the fluid. By thefe means,
we can take up a quantity of it, as {mall as we pleafe;
@nd this method I likewife ufed, when I meant to add
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thefe fluids gradually, and by very fmall quantities at 2
time, to any mixture. The end of a flender glafs rod
was dipped into them, and afterwards transferred into
the mixture.

When I now examined the above boiled water; by
means of the tinctured paper, or linen rag, I found it
reduced to the exact degree of faturation which I de-
fired ; that is to fay, it fcarcely produced a change in
the litmus colour, or if any change was produced, it
was only a vergency towards the red, which was
fearcely perceptible; and when the ftate of faturation
was varied from this point, by an addition of 3 grains
of the largely-diluted vitriolic acid, or by an equiva-
lent quantity of the alkaline folution, the tint of the
colour was remarkably changed towards the red or to-
wards the blue. Suppofing therefore the above ftate
of faturation exat, and I believe it to be the moft ex-
act that could be depended on, the quantity of largely-
diluted vitriolic acid, employed in faturating the foffil
alkali of the water, was gr,163.4; for the whole quan-
tity added was gr. 400, and the falt of tartar of the gr.
84.5, of the dilute folution had required gr. 236.6 for
its faturation. It follows, therefore, from the effays I
had made, of the power of this diluted acid, in faru-
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rating the pure or cauftic foffil alkali, that the unfatu-
rated quantity of thisalkali, contained in the gr. 10,000
of the water, was gr. 0.952, whichis equal to gr. 1.587
of the fame alkali combined with air and evaporated
to drynefs, or gr. 4.409 of the fame in a cryfiallized
ftate.

The reafon for boiling thefe waters, with the quan-
tities of acid which I had added to them, in thefe laft
experiments, is fufficiently obvious. The abundance
of acid was meant to infure the complete faturation of
the whole of the alkali, and feparation of it from the
filiceous earth ; and the boiling promoted the fame pur-
pofe, both by means of the heat which was applied,
and alfo by bringing the acid and alkaline particles the
nearer to one another, while the water evaporated.

A doubt may, however, poffibly arife in the minds
of fome of my readers, whether this boiling of the wa-
ter might not be attended with the diffipation of fome
part of the fuperfluous acid, which was not neutralized
by the alkali of the water; and if any part of the acid
was diffipated, the conclufions concerning the quan-
tity of the alkali would be neceflarily erroncous.
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To remove this feruple, I took gr. 10,000 of diftilled
water, and added gr. 112 of the diluted acid. ‘This
mixture was then boiled down, in the fame manner as
the Tceland water; that is to fay, in a glafs which had
an oval, or nearly globular bedy, about five inches
deep, with a neck as long, and half an inch wide. This
glafs was placed in a fhallow fand-heat, the bottom of
which was a flat iron plate. The beiling was conti-
nued until three fourths of the water were evaporated,
and then, removing it from the fire, T added er. 40 of
the dilute folution of falt of tartar. This neutralized it
exactly, and fhewed that no past of the acid had been
diffipated in boiling; and it continued to fhew the
figns of fufficiently exa& faturation, after I had eva-
porated it further to the weight of one ounce, in which
ftate any fuperfluous alkali, by being lefs diluted, would

have been more eafily difcernible.

Experiments to determine the Nature and Quantity of
s the earthy Matter.

Having thus detérmined the quantity of unfaturated
alkali in thefe Teeland waters, my attention was pext
turned to the earthy matter. A fmall part of this
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earthy matter came into view in the boiled and neue
tralized portions of thefe waters with which T had
made the above-defcribed experiments. The neutra-
lized liquors were a little muddy, and depofited flowly
a {mall quantity of fediment, which colleéted itfelf
clofely to the bottom of the glafs, and adhered to it
flightly. This fediment in the Rydwm water was
deeply tinged with the colouring matter of the litmus;
in the Geyzer water, it had a brown tinge, and there
was a little more of it than in the other. I colleted
thefe fediments, by firft decanting the greater part of
the liquor from them, and afterwards filtrating the reft
in a {mall filtre, in which the fediment was wathed, by
pafiing diftilled water through it feveral times. Being
then dried on the filtrating paper, it contracted greatly,
and was divided by fiflires into a great number of finall
parts, as would have happened to fine clay, had the
fame quantity of it been dried on paper in a fimilar
manner; and when it was feparated from the paper,
and further examined, it fhewed the qualities of an
argillaceous earth, combined with a fmall quantity
of colouring matter. This appeared by the following
experiments
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1. I put fome of it, which I had procured in dif-
ferent experiments, into a platina fpoon, and made it
red hot. 'While heating, it firft became black, then
underwent a {light inflammation, and afterwards be-
came white, without changing its external form, being

only a little contracted in its fize, and diminifhed in
its weight.

2. To another fmall mafs of it, laid on a plate of
glafs, I added a drop of aquafortis, which neither effer-
vefced with it, nor diffolved it, but only changed the
colour to a paler red.

3. Anpother fmall portion, which had been gently
calcined, was well mixed with an equal weight of the
aérated foffil alkali, and then expofed to a flrong heat
in the platina fpoon. The alkali was quickly melted,
and became cauftic; but I could not by its means bring
the earth into fufion, or if any was diffolved by the
melted alkali, it was only a very {mall portion, not
perceptible by the appearances.

4. Nor did I fucceed much better, when I tried to
melt or diffolve it, by means of borax, heated on char-
coal, with the blow-pipe. A little mafs of this earth
continued undiffolved in the melted borax, and without
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any appearance of effervefcing with it, until I was
tired of the experiment.

This earth therefore cannot be any other than the
argillaceous. Had it been the filiceous, it would have
been melted with the alkali into a tranfparent glafs,
which happened eafily with different {pecimens of pure
filiceous earth, fubjefted to the fame trial; and had ic
been any of the alkaline earths, the borax would have
diffolved it quickly with effervefcence. The quantity
of this earthy fediment, from either of thefe neutralized
waters, was very fmall. From gr. 10,000 of Ryktum
water, I could only collect a quantity, which, after re-
ceiving an obfcure red heat, weighed the twentieth part |
of a grain; from the fame quantity of the Geyzer wa-
ter, I got about 38 or 39 hundredths of a grain.

In one of my experiments with Rydum water, T got
this argillaceous earth from it by another procefs. I
had a dry extract, obtaining by evaporating gr. 20,000
of this water, and which weighed gr. 16f. Thirty
grains of aquafortis were added to it. This aquafortis
was made up of equal parts of the ftrongeft nitrous acid
and water. The extralt was digefted with it fix or
eight hours, and then diftilled water being added, the
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mixture was filtrated in a fmall filtre, tofeparate the clear
acid liquor from the undiffolved matter. The filtrated
acid liquor was then faturated, and a little more than
faturated with a pure aérated alkaline falt, and the fa-
turated mixture was heated to a boiling heat, It be-
caine muddy, and depofited a fmall quantity of fedi-
ment like mucilage, which being colletted by filtra-
tion, and dried, and heated to an obfcure red heat,
weighed juft one tenth part of a grain, and had the qua-
lities above enumerated, which fhewed that it was an
argillaceous earth. In another experiment, I digefted
an extraét of Geyzer water with ftrong vitriolic acid,
and thus got from it a fimilar earth ; but the quantity
of it was very little greater than that which T had got by
{ubfidence from the neutralized and boiled part of the

fame water, in the experiments above defcribed.

The greater part, however, of the earthy matter had
not yet made its appearance; I mean the filiceous
earth. It ftill remained in a ftate of perfect diffolu-
tion in the neutralized and boiled mixtures above des
fcribed, fome part of which had actually pafied through
filtrating paper; and I learned by other trials, that
the whole of thefe neutralized mixtures might have been
filtrated, without danger of feparating any part of the
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filiceous earth from the water, by that opération. This
is a confequence of the fingular nature of the filiceous
carth, feveral properties of which, hitherto unnoticed,
or not exaétly deferibed, I became acquainted with in

the courfe of thefe experiments.

We have no experience of the poffibility of diffolving
this earth in its concrete ftate by wateralone ; butif it
be diffolved in water, by means of an alkaline falt, al-
though we afterwards completely faturate the alkali with
an acid, the earth thus feparated, provided there is
enough of water, will not fubfide; it will remain dif-
folved ; the mixture will appear perfeétly tranfparent,
and will pafs through the filtre without the finalleft dif-
ficultv, To gr. 1000 of the Geyzer water, I added
more than enough of acid to faturate the alkali. I
then boiled the mixture a little while, until a fmall part
of it only was evaporated, and I fet it afide in a quiet
place. I know it contains a little more than half a
grain of filiceous earth; but after ftanding twelve
months, there is not the fmalleft appearance of fepara-
tion, the mixture is ftill perfeétly tranfparent and fluid
in every part of it, though it be decidedly acid; and I
know, that had it been boiled down to a proper degree,
a feparation of the filiceous earth would have happened
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ina fhort time. I learned this by another experiment
with Rykum water. To gr. 1000 of this water, I ad-
ded a quantity of acid more than fufficient for fatarating
the alkali. 'The water was then boiled till it weighed
only 138 grains, and it was fet up in my clofet to re-
main undifturbed. In about eight days, the tranfpa-
rency of it wasalittle diminithed, and afterwards there
was a very flow {ubfidence of the matter which bad pro-
duced this effeét. It formed gradually, at the bottom,
a ftratum of fome thicknefs. which was a little lefs
tranfparent than the clear water above, and was thereby
diftinguifhable from it. After a week or two more, 1
poured off the clear water entirely, without difturbing
the fediment, which wasin fact a tender jelly, adhering
to the bottom of the glafs, and the upper furface of
which was level and {mooth. I knew the quantity of
filiceous earth contained in it; and comparing this
with the weight of the water when reduced by boiling
to gr. 138, I found the proportion of the earth to thag
quantity of water to be as 2.68 to 1000; and having
weighed the jelly by itfelf, the proportion of filiceous
earth to the water in it, fuppofing that it contained
the whole of the earth, was 10.88 to 1000. Inanother
experiment, in which a fimilar mixture had been lefs
boiled, and in which the filiceous earth bore to the



79

water the proportion of 2.1 or 2.2 to 1000, I found a
foft jelly formed at the end of godays. And inano-
ther, in which the boiling and evaporation was conti-
nued until the jelly began to be formed in the upper
part of the liquor while it was boiling, I found the pro-
portion of the filiceous earth to the remaining water to

be nearly as 3 7§ to 1000,

After this jelly is once formed, I never could bring
itagain into a flate of diffolution by water alone, what-
ever quantity of this laft was added.

It appears therefore by thefe experiments, that when
filiceous earth, united with an alkali, is diffolved in
icoo times, or in more than goo times its weight of
water, it will not feparate or fubfide from that quan-
tity of water, although we feparate or difengage the
alkali from it. The particles of it, placed at that difs
tance, do not a& on one another by their attraction of
cohefion or concretion. It is neceflary, in order to
enable them to attract one another, that they be brought
nearer, by diminifhing the quantity of the water, until
it be lefs than goo times the weight of the earth. 'When
this is done, they will enter into a ftate of cohefion,
fooner or Jater, according as the water has been more
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or lefs diminifhed. But this ftate of coheflon ints
which they firft enter is alfo remarkable. The force
of it is exceedingly weak, and it takes place while the
particles of the earth are fiill at a confiderable diftance
from one another, They therefore retain and entangle
among them a large quantity of water, amounting to
about 100 times .t1heir own weight, and perhaps more
than 200 times their bulk, with which they form a

confiftent jelly, almoft perfeétly tranfparent.

It may be afked here, what prevents the particles of
this earth from approaching one another more nearly,
and entering into a ftate of ftronger cohefion? We
may, if we pleafe, imagine that they retain round each
of them, by chemical attrattion, a quantity of water,
which forms a little {fphere, or pelylizdron, with the
particle of earth in its centre. Thus, each particle is
prevented from coming within a finaller diftance of the
‘other particles around it, than the diameter of that
{phere; but let the water of thefe {fpherules be dimi-
nifhed in quantity by evaporation, in confequence of
heat, or the attraftion of the air, the particles of the
earth will immediately enter into a ftate of clofer con-
neétion and ftronger cohefion, of which we have ex,

amples in the exceflive contraction of the jelly, while
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it is dried up into crufts, and in thofe circles of thin
incruftation which were formed on the fides of the
glafs veffels, while the waters were evaporated to dry-
nefs in the firft experiment, the particles of which were
1o ftrongly united to one another, and to the furface of
the glafs, that they coft me much trouble and time to
ferape them off with a knife.

When fuch a concretion is once formed of this earth,
and afterwards receives frequent additions of the fame
matter, which infinuating itfelf into the pores of the
concretion, is fixed there, and increafes its denfity and
{olidity, the mafs may in time acquire a furprifing de-
gree of hardnefs. The petrifactions of Geyzer are
undoubtedly formed in this manner, and fome of
them are fo denfe and hard, that they are fcarcely dif-
tinguifhable from agate or calcedony.

After making thele obfervations on the nature of the
filiceous earth, the proper method for extracting it
from the above boiled and neutralized portions of thefe
waters, was fufficiently obvious. I feparately evapo-
rated them to drynefs with a gentle heat in two china
cups, carefully wafhing every drop of them from the
glaffes juto the cups with diftilled water, and then

M
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taki;g the dry extracts out of the cups, I put them
feparately into {mall filtrating papers, and paffed dif
tilled water through them repeatedly, until all the fa.
line matter was wafthed away. The papers being then
carefully dried, I found the earth in them exceedingly
{pungy, fine, and tender. The quantity of it obtained
in this ftate from the gr. 10,000 of Rykum water,
was gr. 3.8, which were reduced by the action of an
obfcure red heat to gr. 3.3 nearly, From the fame
quantity of the Geyzer water, 1 got gr. 6.8 of the dried
earth, which, bya fimilar heat, were reduced to gr. 5.4,
and thefe gr. 5.4, being digefted with aqua-fortis, and
again wafhed with diftilled water, to extra& any ar-
gillaceous earth that might remain in them, I ob-
tained only gr. 0.1 of this earth, which, added to the
quantity obtained before, makes up gr. 0.48 of the ar-
gillaceous earth, from the gr. 10,000 of Geyzer water,
the remaining gr. 5.3 being pure filiceous earth. Some
of it was melted into a perfect glafs in the platina
fpoon, with one half of its weight of aérated foffil al.
kali evaporated to drynefs, The diminution of the
weight of the dried earth, from gr. 6.8 to gr. 5.4,
which happened when it was gently calcined, pro-
ceeded from fome inflammable matter, which adhered
to it at firft, and gave it a yellowifh colour. This
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colour changed firft to black, and afterwards to a pure
white, during the calcination. The inflammable co-
louring matter might have been received in part from
the veflels in which the water was brought, fome of
which were tainted with the odour of fpirituous li-
quors, or the water might have got a part of it from
fubterranean firata of clay, or other’earths containing
inflammable matter,

Experiments to learn the Quantity of the Neutral Salts,

The only ingredients of thefe waters, the quantity
of which had not yet been examined, were the neutral
falts, 'The preliminary experiments, and the appear-
ances obferved in the watery folutions of the extracts
of thefe waters, gave me reafon to be fatisfied, that
thefe neutral falts were partly common falt and partly
Glauber’s falt. To afcertain the quantities of them, I
made the following experiments: I had fome common
falt, which had been refined by a fecond cryftallization,
and was in folid dry and large cryftals. Of this I
weighed ten grains exaétly, which were diffolved in
about half a pound of diftilled water. I then added
a folution of filver, which contained a little fuper-
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fluous acid. The filver was precipitated in the foemt
of luna cornea, or argentum muriatum; and I took
care to add rather more than the quantity which the
ten grains of common falt could precipitate. The luna
cornea, after complete fubfidence, and decantation of
the faline water from it, was carefully colleted on a
fmall filtre, and well wathed with diftilled water, aud
thoroughly dried and weighed. I thus learned, that
100 parts of commeon falt are fufficient to give 235 of
luna cornea. This enabled me to learn, by fimilar
experiments, how much common falt is contained
in the Iceland waters, and T found that the quantity
contained in 10,000 grains of Rykum water was gr.
2.90, and in the {fame quantity of the Geyzer water, I
found there was gr. 2.46 of common falt. Some of
my readers may, perhaps, be inelined to fufpect, that
the Glauber’s falt contained in the Iceland waters
might, by means of its vitriolic acid, contribute to the
precipitation of a part of the filver; but experiments
have fatisfied me, that a fimall quantity of vitriolie
acid, or of any vitriolic falt, diffolved in a large quan-
tity of water, does not precipitate filver;* and to pre-
vent any part of the filver being precipitated by the

# Sec the Appendix to this paper.
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alkali of the water, I added of purified aquafortis, more

than enough to faturate the alkali, before I added the
folution of filver.

Another fet of experiments, on the fame plan, but
made with Glauber's falt and the folution of ba-
rytes, in place of common falt and folution of filver,
enabled me to afcertain with equal exatnefs the quan-
tity of Glauber’s falt contained in thefe waters. 1T firft
learned, that if pure Glauber’s falt be perfeétly exfic-
cated, by evaporating the water that is in its cryftals,
ten parts of this exficcated falt are fufficient to precipi-
tate as much barytes, from its folution in muriatic
acid, as will form 17 of barytes vitriolica. This fa&
being afcertained, I added fome of the diffolved barytes
to {eparate portions of the Iceland waters, fo long as
any muddinefs and precipitation was produced ; and
I carefully collected, wailied, dried, and weighed the
precipitates.® I thus learned, that the water of Rykum

contains in gr. 10,000 of it, as much Glauber’s falt as

#* The method by which thefe fmall quantities of fediments
and precipitates were collefted and weighed, is explained in the
Appendix 1o this paper,
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would give gr. 1.28 of exficcated Glauber’s falt,
and the water of Geyzer as much as would give
gr. 1.40.

In making thefe laft experiments alfo, I added fome
purified nitric acid to the Iceland waters, to prevent
any precipitation of the barytes which might have been
occafioned by the alkali of the water.

In reviewing the experiments I have now defcribed,
if we neglect the fmall quantity of fulphureous gas, the
contents of thefe waters will appear as follows:

In gr. 10,000 of Rykum water there are,

Of cauftic foffil alkai - « - gr.o.5t
Argillaceous earth « - gl 0.0§
Siliceous earth - - . - 3.73
Common falt * i GOl e 2.90
Glauber’s falt when exficcated - 1.28

Total - 8.47
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In gr. 10,000 of Geyzer water,

Cauftic foffil alkali gr. 0.9§
Argillaceous earth - - - - 048

Siliceous earth & GRS OF SYNB. 5.40
Common falt - - PO b 2.46
Glauber’s falt exficcated - - - 1.46

Tatal - 10.7%

Thefe quantities of the ingredients, as determined
by the above experiments, exceed the quantities of dry
extrac which I obtained by evaporation. Gr. 10,000
of the Rykum water gave, by evaporation, gr. 8.2 of
dry extra&, and the fame quantity of Geyzer gave gr.
10 only. ‘This difference, however, can eafily be ac-
counted for. It is well known, that commeon falt,
and other falts, fuffer fome lofs by evaporation, when
watery folutions of them are evaporated to drynefs;
and the odour which was perceived in the end of the
evaporation of thefe waters, made me fufpeét that a
little of the falt might have been loft. There was
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therefore no reafon to exped, that the refult of the
analytical experiments would tally exactly with the ex-
tract by evaporation. I was rather furprifed and pleafed
to find that they came fo near, and I am perfectly fa-
tisfied that this analyfis is as complete and exaét as it
was in my power to make it, with that quantity of
water which I got for this purpofe.

The proportions of the above enumerated ingre-
dients to the water in which they are contained, fhew
the quantities of them contained in an Englith gallon of
231 cubical inches, or 58,484 grains, which are as

follows ;

In an Englifh gallon of Rykum water,

Cauftic foffil alkali m o T R
Argillaceous earth - - - - 0.29
Siliceous earth - - - v 8183,
Common falt P - - 16.96

Glauber's falt exficcated

Ll
L
¥

753
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In an Englith gallon of Geyzer water,

Cauftic foflil alkali = e = gr.g.g6
Argillaceous earth pecq] aesads anpd 2.80
Siliceous earth - - - - 31.38
Common falt - - - - 1442
Glauber’s falt exficcated - - 8.57

Having now ftated the feveral ingredients of thefe
hot iprings, and their proportions, the principal quef-
Hions which remain to be confidered, are, how is the
filiceous earth diffolved in them, or combined with
the water? Has hot water alone a power to diffolve
this earth, or was it diffolved by the medium of the
alkali only? And how came the falts which we find
in thefe waters, and the fulphureous gas to be com-
bined with them? As all attempts to anfwer thefe
queftions. muft be conjeftural, different opinions will
be formed concerning them; and 1 may offer what I
have imagined, without its being thought neceffary to
make an apology. Profeflor BeremMax confidered
the filiceous earth in thefe waters as diffolved by the
power of the hot water alone; and fuppofed, thatwa-

ter, aided by exceflive heat, became a folvent of this
N
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{pecies of earth. He formed this opinion, however,
under difadvantageous circumftances, and from a par-
tial view of the fubjeét. He only knew that this earth
is actually diffolved in thefe waters, and depofited by
them; and that they fpring out of the ground of a full
boiling heat, with appearances of their having been
hotterbelow. He did not know what other ingredients
they contained along with the earth. As we now know
they contain an alkali, which is a powerful medium
for combining this earth with water, I do not think
that the power of water alone to diffolve it can be ad-
mitted, until it is proved by diret experiments; and
I am not of opinion that thefe will fucceed. I am
perfuaded, that both the filiceous and the argillaceous
earth have been diffolved by the medium of the al-
kali, but, at the fame time, that the violent and long-
continued heat contributed greatly, and was even ne-
ceflary to this diffolution. The proportion of the cauf-
tic alkali to the earthy matter in one of thefe waters,
is as 134 to 100; in the otheritis 16 to 100. When
we form artificial compounds of filiceous earth and
alkali in thefe proportions, we find that cold water has
no power to diflolve them, though beiling water, by
length of time would certainly aét on them. Even
cold water, or the humidity of the earth, is well known
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to penetrate the hardeft glafs that is expofed to it for
years or for ages; and I have had the experience of
the power of hot water to act on glafs, when I have
diftilled water in the fame glafs retorts a great number
of times, or evaporated water often in other glafs vef-
fels.  Their internal furface was evidently affected by
the continued aétion of the hot water. Its firft effeét
is to foften thin laminze at the furface of the glafs, and
to make them feparate from that furface, in confe-
quence probably of their being fwelled and extended
by the water penetrating into them; and by a longer
aftion of the water, there is no doubt that they, or
fome part of them, are completely diffolved.

Thofe who may have objections againft admitting,
that a boiling heat, and great length of time, are fuffi<
cient aids to enable water to diffolve a compound of
the filiceous earth with fuch a fmall proportion of al-
kali, may imagine this earth to have been at firft com-
bined with a larger proportion of alkali, than that we
now find combined with it, and that after it was dil~
folved in the water, a part of this alkali was neutralized
by acid vapours, or acid fubftances, which the water
found in its way towards the furface.
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On the whole, however, the fuppofition which ap+
pears to me the moft probable is, that common falt
and Glauber’s falt, conveyed by fea-water, or con-
tained in foffils formed from fea-plants, have been ap-
plied, under the .influence of a violent heat, to fome
of the numerous earthy and ftony ftrata which con-
tain mixtures of filiceous and argillaceous earth ; that
thofe faits have beeir in part decompounded, by the
attraction of thefe earths for the alkali of the neutral
falt, part of the acid has been diffipated, or changed
into fulphur, and fulphureous gas, by the aétion on it
at the fame ‘time of inflammable matter, which we
know to be prefent in many of the ftrata; and that the
compound of alkali and earthy matter has afterwards
been long expofed, and continues expofed, to the ac-
tion of the hot water. By fuch a fuppefition, we can
imdgine how the feveral ingredients of thefe hot {prings
became diffolved in them; and this fuppofition appears
the more probable, ‘when we attend to the accurate
obfervations of Mr. STanLEY, on the nature of the
country, and'ftate of the foil, in which thefe two hot
fprings are found. The rocks and mountains, which
are at a {mall diftance, orin the immediate vicinity of
each of them, are formed chiefly of different kinds of
lava. 'The lower country and foil at the foot of thefe,
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and-in which the fprings rife, is compofed of fragments
of thefe lavas; but indigging into this foil or rubbifh,
to a fmall depth only, thefe fragments are every where
found refolving, or refolved, into-a matter, like clay.
At a certain depth, the fragments of {fome {pecies of
lava remain entire and hard, while the reft are changed.
At a greater depth, even thefe more durable kinds are
found to have undergone the fame change with the reft.
As this change is produced by the conftant aétion of
the hot water, it probably depends on a gradual diffo-
lution and extraétion from thefe lavas of fome of their
ingredients, which are diffolvable in water ; and thofe
which we have a&ually found in the water may have
been fome of thefe. But I offer all this as a conjec-

ture only, which every perfon who does not like it,

is at liberty to reject.

I fhall venture further to offer another conjefture,
which fome particulars I learned by Mr. StaniLEY's
voyage to Iceland have fuggefted to my mind. It is
concerning the origin of the pure fulphur, which is
found at the furface of the earth, in the neighbourhood
of many volcanos in different parts of the world. In
Iceland, there are places in which fulphur is thus

found in very great quantity, covering the furface of
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APPENDIX.

IN order to fhew, that fuch a fmall proportion of
a vitriolic falt as is contained in the Iceland waters,
has not the power to precipitate filver, I diffolved gr.
0.3 of exficcated Glauber’s falt, in gr. 2000 of diftilled
water, which thus contained a proportion of Glauber’s
falt rather greater than that contained in the Iceland
waters. I then added five drops of purified aquafortis,
and five drops of the {olution of filver. The mixture
remained tranfparent feveral days. I afterwards added
gr. 0.7 more of the exficcated Glauber’s falt, without
diminifhing in the leaft the tranfparency of the mix-
ture. After a few days more, Iadded gr. g of the ex-
ficcated Glauber’s falt. This produced a diminution
of tranfparency, and the fediment fubfided in a few
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days more. This fediment being carefully collefted
and dried, weighed gr. 0.3 ; but the clear liquor which
had been filtrated from it, ftill retained the greater part
of the filver. I therefore added to it fome pure com-
mon falt, which precipitated all the reft of the filver,
and this laft precipitate, being alfo colleéted and dried,
weighed juft one grain,

When I examined thefe two precipitates by means
of the blowpipe, their qualities appeared to me fo
much the fame, that I fufpect the firft was produced
by a fmall quantity of common falt, contained imper-
ceptibly in the Glauber’s falt. 1f there were 12 or 13
parts of common falt in 1000 of the Glauber's fait,
they were enough to produce the above quantity of
the firft precipitate; and as Glauber’s falt is prepared
from common falt, we can eafily underftand how a
fimall quantity of the common falt may remain in it,

For the fake of thofe whe may have occafion to un-
dertake fuch chemical inquiries as that defcribed in
the above paper, I fhall here mention the method by
which T colleéted and weighed the fmall quantities of
fediments or precipitates, which I obtained in fome of
thefe experiments. In moft cafes, the turbid liquor
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was left at reft in a cylindrical glafs, until the fedi«
ment was fo well collefted at the bottom, that the
greateft part of the liquor was quite clear, and then this
. clear part was carefully decanted; the reft, which
could not be decanted without difturbing the fedi-
ment, was fhaken, and poured gradually into a {mall
filtre, that the fediment might be colleéted upon the
filtre, and afterwards wathed on it, by paffing diftilled
water through it repeatedly, And this part of the
procefs was much facilitated by the preparation of the
filtre, and fome other little manceuvres. When, for
example, I ufed for my filtre a piece of paper about
four inches in diameter, I began by folding it, and
giving it the proper form; then I fpread it open again,
and warming it, T applied melted tallow or bees wax
to the margin of it all round, until it was foaked there-
with to the breadth of a full inch from the margin in«
wards, the middle part of it being carefully preferved
clean.  As foon as this was done, and while it was yet
a little warm, it was folded again into the proper form
of a filtre, and retained in that ftate until it was cold.
On a filtre prepared in this manner, it is much more
ealy to collect a fediment together, and to wafh it
clean, than on an ordinary filtre. In the firft place,
no part of the fediment adheres to or is depofited on

0
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that part of the paper which was foaked with tallow.
"The whole is colleted on the clean part of the paper,
and after it is collefted there, I condenfe it into the
centre as much as poffible, by dropping the diftilled
water on the margin of that clean part all round, or a
little above that margin, by which praétice the fcat-
tered particles of the fediment are wathed down into
the bottom. Sometimes I apply what may be called
a capillary jet of the diftilled water, directed with force
to thofe parts of the fcattered {ediment which are mors
difficultly moved. Having thus condenfed the fedi-
ment as much as poflible, the filtre is left ina cool
place to dry. When it is perfely, or nearly dry, I
fpread it flat on a table, and cut away all that part
which was foaked with tallow, and alfo thofe parts of
the clean paper to which the fediment does not adhere.
The reft, with the fediment on it, is then well dried
before a fire, and weighed, and the weight of it marked
down; and, laftly, in order to know how much of
this weight is made up by the paper, I take care, be-
fore I prepare the filtre, to chufe another piece of the
filtrating paper, equal in thicknefs to the one of which
the filtre is made. This equality of thicknefs is judged
of by holding the two pieces between the eye and the
light; or, for greater fecurity, bits of the two pieces
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may be cut off, exaétly fimilar, and equal in form and
fize, and their weight compared, and allowance may
afterwards be made for their difference of weight, if
there be a difference. After weighing the bit of pa-
per with the fediment on it, a proper bit of the referved
paper is laid flat on a fmooth table or plate of glafs,
and the paper on which the fediment had been col-
lefted is laid over it, with the clean fide undermoft;
then a bit of card, fomewhat lefs, but nearly of the
fame form, is prefled down on both the papers, and,
with a pair of fharp-puinted {ciffars, or a pen-knife,
the undermoft paper is cut exaétly to the fame fhape
and fize as the uppermoft, and is afterwards weighed.
The weight of it being dedudled from that of the for-
mer, we thus learn the weight of the fediment, with
a greater degree of exatnefs, and with lefs trouble, than
by any other method which I have been able to con-
trive, To complete this article, I beg leave fur-
ther to add, that the moft ready and convenient way
to foak the margin of the filtrating paper with tallow or
wax, is to hold it above a lighted candle, ata proper
diftance for warming it a little, and then melting the
end of another candle, apply it immediately to the
warmed paper, and repeat this, until the paper is pre-
pared as above directed, The prominent part of the












