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ArTIcLeE I. 

Memoir illustrative of a general Geological Map of the principal 
ountain Chains of Europe. By the Rev: W. D. Conybeare, 

FRS. &c. (Witha Plate.*) 

| (To the Editor of the Annals of Philosophy.) 

sIR,; 
So rapid has been the progress of geological science within 

the last ten years (since its cultivators, abandoning the idle endea- 
vour to construct theories without data, have confined them- 

selves to the only true path of philosophy, that of inductive 
observation), that while at the beginning of this period, amidst 

volumes of speculation, no accurate description of a single coun- 
try could be. found, a physical map of the entire extent of 
Europe may now be confidently anticipated at no distant day. 

The labours of Buckland, Ebel, Freisleben, ‘Raumer, and more 

especially the highly important work of Beudant+ on Hungary, 
and the memoir of Mr. Strangways on Russia, have already 
accumulated a vast store of valuable materials, to which a few 

months will probably add a geological map of France by Oma- 

lius d’Halloy, and of Germany by Von Buch ;{ together, as it is 

} 

* The map is partly copied from one in Ebel’s Bau die Erde. . 

+ This is at present known in this country only by a few unconnected extracts; a 

full analysis ought to be given in some of our scientific journals. I have no hesitation 

in pronouncing it the most important geological work which continental science has yet 

produced, 
t While this memoir was passing through the press, I have received the four first 

numbers of a very able geological work now publishing periodically in Germany by 

New Series, vou, v. B 



2 Rev. W. D. Conybeare on a Geological Map of [Jan. 

hoped, with Charpentier’s long-promised description of the 
Pyrenees. Itis also understood that an individual in this coun- 
try, eminently qualified for the task, has, for a considerable time, 
been employed in collecting together all the scattered sources of 
Seat with a view to incorporate them ina general map of 
urope. 
fn this advanced state of the science, a general coup d’@il of 

the ground which has been already gained seems desirable, and 
in this view I have thrown together the following brief notices, 
embodying their contents in the accompanying map (PI. X1X), 
in which, neglecting the detail (an object precluded both by the 
scale adopted, and by the yet incomplete state of the requisite 
observations), it is attempted alone to indicate the general dis- 
tribution of the principal classes of European formations, and 
nothing further than approximation is professed. I shall be 
fully contented if this sketch may be considered as an humble 
but useful subsidiary to the more extended plans of which 1 
have spoken ; as an index map, it may, I hope, accomplish this 
purpose, for which its small scale particularly qualifies it, allow- 
ing the information it contains to be comprehended at a single 
glance; while those general relations which are the great 
‘objects of true science, and which are often almost lost amidst 
the complications of detail, are brought more prominently for- 
ward, and more readily seized under these circumstances. 

The map on which these observations are laid down is copied 
as to its groundwork from a similar map in Ebel’s work on the 
Alps, although the great advances in geology have required 
an almost total change in the colouring of the secondary coun- 
tries, and many corrections in that of the older chains, so that in 
its present state, it may be considered as almost an original 
document. It will be found to include all those parts of Europe 
which are most important to the present object; since the 
southern extremities omitted (Spain, for instance), are generally 
as yet too imperfectly known to have admitted even an approxi- 
mate representation ; while the Scandinavian chains of the north 
(including almost the whole country north of the Baltic, as far 
as the gulf of Finland), presenting only primitive and transition 
rocks, are too uniform to require any. 

The general distinctions which alone are attempted in this 
map reduce themselves to the following: 1. The more ancient 
rocks, including the primitive and transition classes. 2. The 
carboniferous series, including the old red sandstone, mountain 
limestone, and coai measures. 3. The new sandstone and mag- 

C. Keferstein, the ‘* Teut-schland geognostich geologisch dargestcllt.”’? This contains 
excellent introductory memoirs on the geology of Germany and the neighbouring coun- 
tries; and it has greatly gratified me to find the plan of these memoirs nearly coincident 
with that adopted in the present paper. Maps and sections of Germany, Bavaria, 
Swisserland, and the Tyrol, have already appeared in this work; and I regard myself 
as fortunate in having been enabled to avail myself of these new materials in the accom- 
parying map. 
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nesian limestone. 4. The lias and oolitic series (Jura limestone, 
of the French). 5. Green sand. 6. Chalk. 7. Tertiary form- 
ations reposing on the chalk. 8. Overlying trap and volcanic 
districts. 

I shall proceed to give a hasty sketch of the general distribu- 
tion of these formations, following the order above specified. 

1. Primitive and Transition Districts. 

So intimate is the connexion between the schistose rocks of 
these two distinct eras (if distinct indeed they be, which some 
recent geologists appear strongly inclined to question), that it is 
impossible in any general map (unless the scale were such as to 
admit a separate colour for each individual rock), to assign any 
accurate line of division. In tracing, however, the tracts which 
fall under this description, I shall, as far as materials are 
afforded, and the nature of so general a sketch will admit, specify 
the leading character of the constituent formations. 

Europe may be considered, when viewed under its most 
general aspect, as presenting a vast central basin occupied by 
the depesits of the secondary and tertiary class, surrounded by a 
border of alpine chains, exhibiting the older rocks of which we 
are now about to treat. 

This border, however, is not continuous, but interrupted by 
openings, frequently very considerable, separating the constituent 
chains. 

’ Neither is the included basin exclusively occupied by an unin- 
terrupted series of the more recent deposits; but mountain 
groupes of the older rocks in places break through the mantle 
thus thrown over them, and reappear towering above the 
vicinity. ; 

On the south of the great bounding chains, e. g. in Spain, 
Italy, &c. the same or similar secondary and tertiary deposits 
are repeated, forming portions of another great basin which may 
be designated as that of the Mediterranean. 

There are other smaller and local basins comprehended by the 
tortuous course of the great chains. 

The chains and groupes of the primitive mountains appear to 
present the centres of the greatest disturbances which have 
affected the surface of the earth, their strata being always ele- 
vated under high angles, often indeed in vertical planes, and 
exhibiting dislocations which can be referred to no cause but 
mechanical violence. 

The extent of these disturbances appears often at least to be 
in proportion to the height of the chain ; so that when the older 
chains form very elevated mountains (as in the Alps and Pyre- 
nees), the secondary strata, and even those of very recent 
origin, are thrown into elevated planes, exhibit extraordinary 
contortions, and themselves form lofty collateral mountain 
ranges ; but where, as in England, the older chains are compa- 

B 2 
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ratively low, the secondary formations (those at least which suc- 

ceed the carboniferous series), are nearly horizontal, and appear 

to have suffered little derangement, with a few local and limited 

exceptions, such as are presented by the vertical chalk, Xc. of the 

Isle of Wight. The distinction, therefore, of inclined and hori- 

zontal, or floetz* rocks, does not express any inherent character 

in the rocks themselves, as deducible from their relative anti- 

quity (any further than that the phenomena must induce us to 

consider the primitive chains as the scenes of the greatest and 

most general convulsions), but it depends merely on the circum- 

stance of contiguity to the principal chains. 
On the importance of these observations to geological theory, 

and the support they afford to the hypothesis of the elevation of 
_ the mountain chains, it is needless to insist. 

[ proceed to trace these principal chains in order, beginning 
from the north. " 

(A.) Finland and Scandinavia. 

These countries, though not included in the map, must yet be 
noticed, in order to convey a complete idea of the chains bound- 
ing the great central basin of Europe. 

hey are almost exclusively occupied by primitive rocks, | 
among which gneiss predominates, and characterises the lowest 
members. Granite is of less common occurrence, and alternates 
with the gneiss. Mica slate succeeds, on which granite again 
reposes. Transition rocks, principally limestone, containing the 
same organic remains with that of Dudley, in Staffordshire, 
skirt the primitive district on the southern shore of the gulf of 
Finland, in the Baltic islands of Gothland, Oeland, and Born- 
holm, and in the Scandinavian provinces of Gothland, Dalecarlia, 
Nerike, Jemtland, and the vicinity of Christiania; in the latter 
locality, a phenomenon of the greatest geological interest occurs ; 
for here the transition limestone is covered by old? red sand- 
stone conglomerate, on which reposes a porphyritic formation of 
various character, passing at one extremity into decided granite, 
ossessing all the characters of that formation ; and on the other, 

into basalt and wacke equally well marked. This repetition of 
granite as a comparatively recent formation covering those of 
transition, and its association with rocks, to which a great and 
increasing majority of geologists (increasing, it may be added, 
with the extension of the science itself, and almost with its 
existence as a science of accurate observation), concur in 
assigning an igneous origin, is one of the most important facts yet 
contributed towards the foundation of a secure theory. 

* It has been objected to my remarks on the term floetz, as synonymous with hori- 
zontal, that it is really synonymcus with stratified. I cannot, however, apprehend that 
it is used in the latter sense by the Wernerians ; since in this case I must suppose them 
to apply asa distinguishing epithet to the secondary series, a character equally belong- 
ing to the majority of transition and primitive rocks; an absurdity which [ do not wish 
te inzpute to them. 
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(B.) Scotland—Ireland— England. 

The chains traversing the Shetland isles and the Scotch high- 

lands and Hebribes, may be, perhaps, regarded as continuations 

of the Scandinavian range. 

Mica slate is here the predominant rock: granite, however, 

forms the nucleus of several mountains. The phenomena exhi- 

bited by the junctions of the granite, and the veins sent off by it 

into the incumbent rocks, have been here minutely studied, and 

accurately described. The only writers who have yet given 

precise accounts of this district (Drs. Mac Culloch and Boué), 

concur in favouring the hypothesis which ascribes to the granite 

an igneous origin.* 

A very narrow zone of transition slate separates this chain 

from the great central valley of Scotland occupied by the carbo- 

niferous series. 
The highland chains of mica slate after expiring against the 

Irish channel in the peninsula of Kirtire, appear to be resumed 

on the opposite side in the north-east angle of Antrim ; and 

though concealed for an interval by the overlying rocks of the 

basaltic area, re-emerge beyond them in the west of Derry, and 

occupy nearly the whole of Donegal, the structure of these 

countries exactly corresponding with that of the Scotch high- 

lands. Donegal Bay for a time interrupts the continuity of the 

chain; but beyond that Bay, the primitive mountains of Sligo, 

Mayo, and Connemara, or Western Galway, must be regarded 

as its prolongation. 
A second chain of mountains parallel to the former traverses 

the south of Scotland skirting on that side the great carboniferous 

valley, and forming the natural boundary between this country 

and England. It is known by the name of the lead hills in its 

central and highest part; the Pentlands, &c. forming branches of 

it. It consists principally of transition slate, through which gra- 

nitic nuclei emerge in several groupes ; and may be characterised 

from the northern chain by the absence of mica slate. 

This chain also may be traced in its prolongation on the oppo- 

site coast of the Irish channel ; its abrupted ends appearing on 

each side of the usual passage across that channel from Portpa~- 

trick to Donaghadee. In Treland it extends from Down into 

Longford, retaining the characters already mentioned; the 

Mourne Mountains, a granitic nucleus, here constitute its prin- 

cipal summits. 
The southern chains of Ireland may be more conveniently 

enumerated after those of Wales. 

The small group of mountains containing the lakes of West- 

* J desire to be here considered as only faithfully reporting the opinions of others, 

although I readily acknowledge myself strongly influenced by the concurrent testimony 

of almost every late and minute observer of such districts, and can hardly record their 

evidence without feeling myself convinced by it. 
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moreland and Cumberland is the next which presents itself in 
advancing to the south. Granite is here of confined and limited 
occurrence; various rocks of the greenstone family and transi- 
tion slate predominate; transition limestone occurs associated 
with the slate. 

The central chain of the Isle of Man lying midway between 
this group and the Irish coast is also composed principally of 
transition slate. 

The mountains of North Wales, including the northern half of 
South Wales, are like those of Cumberland, composed of transi- 
tion slate, and many varieties of greenstone rocks.* 

The Isle of Anglesea presents, in addition to these, chlorite 
slate, serpentine, quartz rock, and granite. The granite is 
described by Mr. Henslow, who has given a most elaborate and 
interesting account of this island as presenting the strongest 
evidence of igneous origin; and having been formed, in one 
instance at least, by the fusion of old red sandstone zn situ. 

A zone of transition limestone skirts the east of the Welch 
chains in their course through Shropshire. 

On the south-east of the Welch chains lies the detached 
group of the Malvern hills, consisting of a protruding range of 
sienitic rocks flanked on the west by transition limestone, dip- 
ping rapidly in that direction, and appearing, according to Mr. 
Horner, as if elevated by the protrusion of the sienitic mass on 
which they repose. 

In the centre of England another group of sienitic and green- 
stone rocks starts up in the midst of the secondary deposits con- 
stituting the ranges and tors of Charnwood Forest, in Leicester- 
shire. The coal measures, &c. in approaching this group, are 
much disturbed and elevated. Some slate rocks here accompany 
the sienite. 

The coasts of Ireland opposite to the Welch, to which we may 
next proceed, present in the Wicklow mountains a fuller develop- 
ment of the usual primitive series, mica slate, gneiss, &c. than the 
chains last described. The granite here forms lower mountains 
principally on the western side ofthe chain, and extends into the 
plains at their base, mica slate constituting the loftiest summits. 
Transition slate, greenstone, and quartz rock, occur on the east- 
ern border. This chain prolongs itself to the south-west through 
Wexford, Cork, and Kerry, where it skirts the lakes of Killarney, 
but in the two latter counties, transition rocks almost exclusively 
occupy it. Through its whole extent it forms a zone runnme 
arallel to the south-eastern and southern coast of Ireland ; and 

itis a remarkable circumstance, that may rivers rismg beyond 

* T now use the term only as a general description of an extended class of rocks in 
Cader Idris, the Arrans, &c. and do not enter into the more minute details lately pubs 
dished in the Annals concerning the Snowdonian range, 
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this zone in the interior cross its chains by transverse valleys in 
order to reach the sea. Such is the condition of the Barrow, 
the Suire, and the Blackwater. 

The veins branching off from the granite of the Wicklow 
mountains are well displayed on the coast. 

The eastern portion of these chains has been excellently 
described by Mr. Weaver. 

The Ocrinian chain of Devonshire and Cornwall, is the last 
which remains to be noticed in the British isles. It extends 
from Exmoor to the Land’s End. It exhibits, 1. A series of 
granitic nuclei, of which the loftiest and most extensive is the 
mountain plain of Dartmoor. The granite ramifies into the 
incumbent slates, and the slate for a short distance from its 
junction assumes an appearance approaching to gneiss, which 
the Huttonians have considered as an alteration induced by the 
contiguity of a heated mass. 2. Slates of a doubtful character 
and era (that is, whether primitive or transition) succeed, 
abounding in metalliferous veins, and traversed by porphyritic 
dykes. 3. Slates decidedly of transition associated with granu- 
lar greywacke, transition limestone and greenstone occupy the 
exterior of the groupe. Serpentine rocks also occur (in one 
tract very extensively) probably as members of the decided tran- 
sition series. ‘The Ocrinian chain, like those of England gene- 
rally, is destitute of gneiss and mica slate. 

Lundy Island, situated opposite the northern coast of this 
chain in the middle of the Bristol channel, is a mass of granite 

* 

(C.) Norman Isles, and North Western France. 

The Norman isles, which may almost be considered as a con- 
necting link between the similarly constituted countries of Corn- 
wall and the Cotentin, are principally granitic. 1. Guernsey 
presents granite and granitelle in the northern, and gneiss in the 
southern division. 2. Jersey in its higher and. northern tract 
consists of granite, in its southern and lower of slate reposing on 
it. 3. Alderney has on the south-west cliffs of porphyry, on the 
north-east low shores of a grit formed from granitic detritus. 
4. Sercq exhibits trap rocks on the west, and sienite on the 
south.—(See account of these isles by Dr. Mac Culloch, Geol. 
‘Trans. vol. i.) 

Chains of Bretagne and La Vendee.—These appear in the 
nature of their constituent rocks and metalliferous deposits to 
bear a near resemblance to the Cornish chains. In the Cotentin 
the granite appears in some places decidedly to rest upon the clay 
‘slate; both these rocks alternating with quartz rock, porphyry, 
and sienite. Much, if not all, of this clay slate is evidently that 
-of transition; in the shafts of the argentiferous lead mine of Huel 
Goat terebratule (spirifere 7?) have been found in it,and at Angers, 
trilobites occur, In La Vendee, the granitic rocks appeat to 
predominate. A, line, drawn from Cherbourg by, Alencon, 
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Angers, and Fontenay, to Sables d’Olonne, will indicate the — 
eastern boundary of those chains which extend westward to the’ 
Atlantic.. The Loire, however, breaks through their line in its 
course to the sea, and where they open to give it passage, a small 
coal basin reposes against them. 

(D.) Central Group of France. 

The primitive rocks, after plunging for a short interval beneath 
the secondary calcareous beds, reappear in great force in the 
central regions of France, constituting an extensive body of 
mountains, sending out various ramifications between the 
sources of the Loire, the Garonne, and their tributary streams, 
being bounded on the east by the Rhone; and occupying the 
greater portion of the departments, Haute Vienne, Creuse, Cor 
reze, Puy de Dome, Cantal, Loire, Haute Loire, Rhone, Lozerre. 
Viewed generally, this group presents a vast inclined plain rising 
gradually from NE to SW, in which last direction is its 
principal. and highest chain, that of the Cevennes. Granite 
is the predominant rock in this vast mountain plain, slates 
appearing to be of rare occurrence. In the departments Puy de 
Dome, Cantal, Haute Loire, and Ardeche (including the ancient 
districts of Auvergne Forez Velay, and Vivarais), ridges and 
conical peaks of basalt, of Trachyte, and of volcanic scorie, are 
superimposed on the elevated granitic plain, and constitute the 
loftiest summits of this group. Similar peaks are also scattered 
over the more recent deposits contiguous to the primitive chains. 
Many of thése peaks contain regular craters, and streams of 
undoubted lava may be traced from them. Many of the valleys 
descending from this mountain group contain deposits belonging 
to the coal formation reposing against the primitive chain, 
sometimes also the tertiary deposits from upfillings in the valley. 
The north-eastern branch of these ridges (called the Beaujolais 
mountains) extends between the Loire and the Rhone as far as 
the district of Morvan on the north of Autun, where the oolitic 
chains of the Coté d’Or overlie and abut against the granite. 

The chains above described approach on the SE towards the 
Pyrenees, leaving but a narrow interval along which the great 
Canal de Languedoc is conducted; but on the SW, the broad 
basin of the Garonne is interposed between them, exhibiting the 
regular series of secondary formations, from the new red sand- 
tone to the tertiary beds. 

(E.) Pyrennees. 

The Pyrennees consist, according to Raymond, of five parallel 
zones ; namely, a central zone of granite bounded by two schis- 
tose zones, which are in turn succeeded by the exterior calcare- 
ous chains; the granitic axis, however, does not, as is usual in 
‘mountain chains, form the loftiest crest; but, though towering 
above the collateral chains on the side of France, is itself over- 
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topped by the schistose, and still more by the calcareous band 
on the side of Spain; the latter forming the Tours de Marbore, 
Mont Perdu, and all the loftiest summits of these mountains. 
What renders this circumstance more remarkable is, that this 
limestone appears from its organic remains, (Echini and Alcyo- 

nia), to be of comparatively recent formation. The specimens I 
have seen approach nearly to those varieties of the younger 
alpine limestone now generally considered as coeval with the 

een sand formation of England. I have been favoured with 
the sight of a very interesting letter from Dr. Bouée, who has 
recently examined this chain; he observes that it is entirely 
transition (transition slate and limestones, and marle), through 
which, in various places, granitic masses protrude, occasionally 
surrounded by gneiss and mica slate ; these’ latter rocks appear- 
ing as they recede from the granite to pass into clay slate. He 
adds that the various phenomena which have been alleged in 
roof of the igneous origin of granite (granitic veins, fragments 

of slate imbedded in the granitic masses, the elevation, contor- 
tion, and dislocation, of the slates, together with their altered 
character near the point of contact, &c.), are here displayed on 
the most remarkable scale, and with a clearness of evidence 
nearly amounting to demonstration. He is even of opinion that 
the slates called primitive may, in this instance at least, have 
been only transition slates altered by the igneous influence ; the 
transition limestone, in like manner, becomes converted into 
granular limestone in approaching the granite. Great dykes of 
greenstone and syenite also traverse the slate; when these are 
large, the limestones are in the same manner altered by their 
contact, and may be seen at Pousac elevated and supported by 
them. On the north of the Pyrennean chain old red sandstone 
and traces of mountain limestone occur, succeeded by new red 
sandstone with salt springs. 

(F.) Chains of the Middle Rhine, or the Vosges, the Black Forest, 
the Bergstrasse, or Odenwald, and the Spessart. 

Were we to pursue the course of the great chains forming the 
- general boundary of the grand European basin, we ought, in the 
next place, to proceed to the Alps ; but within the limits of this 
basin there are several protruding primitive groupes, skirting in 
places the course of the Rhine, and effecting a kind of subdivi- 
sion between that part of the basin which lies in Northern 
France, and that of Central Germany. The first of these pro- 
truding groupes to be noticed are those which skirt the opposite 
sides of the great Valley of the Rhine in its central region below 
Basle ; namely, the Vosges, which rise on the left bank of the 
river above Colmar and the Black Forest, or Schwartzwald on 
the right bank. 

The Vosges exhibit granite, transition slate, limestone, and 
porphyry. The. greywacke near its contact with the porphyry 
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is, according to Dr. Boué, much altered, and the limestone, 
under the same circumstances, assumes a granular character, 
Traces of coal occur on the borders of this chain in some places 
on the Eand §, and a conglomerate, probably belonging to the 
newer red sandstone, often overlies and abuts upon the primitive 
rocks in surrounding the chain. 

The intermediate Valley of the Rhine between these mountains 
and the opposite group of the Black Forest, is principally occu- 
pied by formations of the tertiary order. 

The Black Forest.—This range extends near the right bank of 
the Rhine from Basle to Rastadt ; it rises gradually from the E, 
and breaks down with a steep escarpment to the W. Granite 
is the prevailing rock, occasionally associated with gneiss. A 
porphyritic formation sometimes rests on the granite, and forms 
summits. On the eastern slope, the range is covered by the 
overlying red sandstone. The Odenwald rises in the prolonga- 
tion of the same line between Heidelberg and Darmstadt ; its 
constitution is exactly similar. The Spessart is a small insu- 
lated granitic group, almost close to the NE end of the Oden- 
wald. 

(G.) Chain of the Lower Rhine, or Slate Mountains of the 
Ardennes, Eiffek, and Rhingau. 

This is a district of low mountains exclusively occupied by 
transition rocks (i. e. greywacke, greywacke slate, and transition 
limestone), extending from the Meuse above its junction with 
the Sambre, across the Rhine below Mayence to Marburg. This 
chain is familiar to every continental traveller on account of the 
magnificent defile which opens directly across it to give passage 
to the rapid waters of the Rhine between Bingen and Bonn; an 
extensive and decided volcanic district partially overlies the tran- 
sition rocks above Bonn. On the left bank of the river is a 
region presenting plains covered with ashes, from which rise 
some low but well defined craters ; on the right are the trachytic 
and basaltic summits of the Siebengeberge. ‘This schistose 
chain is skirted on the N by the formations of old red sandstone, 
mountain limestone, and coal; on the S also, the mountain lime- 
stone occasionally appears ; but the new red sandstone generally 
overlies the transition rocks immediately. 

(H.) The Hartz. 

This ts the last of the insulated and protruding groups we shall 
have occasion to notice. 

It exhibits granitic summits : but no gneiss or mica slate has © 
yet been found zn situ. The granite is succeeded by clay slate, 
and the usual transition series. The coal formation rests against 
the transition series, and is followed by the new red.sandstone 
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conglomerate or rothe todteliegende,* on which the cupriferous 
slaty limestones, coeval with our magnesian series, repose. 

(1.) The Alps. 

_ Having surveyed the detached groups described in the preced- 
ing paragraphs, we may now resume our account of the principal 
chain, where it displays itself with the greatest magnificence in 
the colossal summits of the Alps: the older rocks constituting 
this chain first emerge from beneath the more recent calcareous 
chains of the Apennine in the north-west extremity of Italy. 
The first traces of the primitive rocks appear on the borders of 
Tuscany and Liguria. Serpentine is here the prevailing rock. 
In Tuscany this forms only low hills, but in Eastern Liguria, it 
constitutes the nucleus of the mountain chains, which are still 
called the Apennine. Gneiss and micaslate also occur ; granite 
is rather rare, but beautiful varieties of primitive limestone are 

uarried in several places. It is not, however, till after passing 
Genoa that the name or character of the true Alps begins : here 
that portion of them called the Maritime Alps overhangs the 
coast of the Gulf. The primitive rocks appear to skirt the 
shore for about half the distance between Genoa and Nice, when 

* All the maps and descriptions of the Hartz concur in proving this order of superpo- 
sition (which has been controverted by Mr. Weaver), with regard to the great and prin- 
cipal mass of the rothe todthegende. My high respect for my opponent in this contro- 
versy, and a general hatred of dispute, arising from reverence for the Baconian pre- 
cept, ‘* cordi et cure sit non disputando adversarium sed opere naturam vincere,” make 
me reluctant to misemploy my time in such discussions ; but since a correct view of the 
relations of this rock forms an essential point in the identification of the British and con- 
tinental series, I pledge myself in a short time to prove distinctively that Freisleben 

does expressly recognise the rothe todtliegende as a distinct formation from that of the 
carboniferous rocks ; and to establish the superposition above given by copies of the 
maps and sections of the districts in which the rotheliegende occurs, pointing out at the 

. same time the source of the confusion which has occurred. 
From the perusal of Keferstein’s memoirs on Germany, while this note was passing 

through the press, I find the most complete confirmation of this opinion, the rothelie.. 
gende is uniformly described as reposing on the porphyry and coal formation. It is 
necessary, however, to advert to a source of confusion which might otherwise arise, from 
a mutual misconception of each others nomenclature, between the German and English 
geologists; the series of rocks being, as is agreed between both parties, 1. Coal. 2. Por- 
phyry. 3. Red sandstone conglomerate (rothe todteliegende or rother sandstein); 
4. Limestone representing geologically our magnesian lime (alpen kalkstein of Kefer- 
stein); 5. Variegated marle with salt and gyps (bunter sandstein). The English geo- 
logist: have been in the habit of treating No. 3, 4, and 5, as included under one ereat 
formation, to which they have applied the name, new red sandstone, in order to distin- 
guish it from the older quartzose conglomerate which underlies the great limestone form- 
ation supporting the coal, a rock, generally reckoned by the continental geologists (parti- 
cularly by Raumer, and by Beudant in his excellent work on Hungary) among the 
transition series. 

Hence the English writers use indifferently the same terms for the rother sandstein 
and the bunter sandstein—a circumstance which has Jed Keferstein in one instance to 
believe, that a difference as to fact existed between himself and Buckland, where in 
truth a difference of nomenclature was alone concerned. 

In England, the magnesian limestone being of limited occurrence, this mode of view- 
ing the subject is sufficiently precise; but it will be necessary in order to prevent the 
recurrence of these misunderstandings to harmonize for the future with the German 
“writers, and to speak of the three formations as distinct, though yet as appertaining to 
one great order, that, naniely, of the newer or saliferous sandstone, é 
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they trend inland, and are succeeded by secondary hills. The 
Alps, which may be said to expire on the side of Italy, appear 

rather to be continued as to their geological constitution in the 
primitive chains of Corsica and Sardinia, situated directly oppo- 

site the termination of the Maritime Alps against the coast, and 
in the line of their prolongation. 

From the Gulf of Genoa, the Alps pursue their course first to 

the NNW, through Piedmont and Savoy ; then turning suddenly 

to the E through Swisserland, the Tyrol, andStiria. The primitive 

and transition chains have together an average breadth of 

between 50 and 60 miles. These are succeeded by exterior 
zones of limestone, principally coeval with the magnesian lime- 
stone and oolitic series, the carboniferous series being apparently 

absent,* or at most of very limited occurrence. The beds of the 
Alpine rocks where these are stratified are generally vertical ; 

the bordering chains exhibit marks of the greatest disturbance, 

their strata being contorted and dislocated. Thus on the north 
all the recent calcareous chains appear to dip towards, instead 
of rising against, the central and primitive ridges. The tiree 
following sections taken from Ebel will give a general idea of 
the distribution of the older rocks in the Swiss portion of the 
Alps : 

: 1. Over the Bonhomme and Mount Cenis. 

Clayslate (Sallenche). 
Micaslate and gneiss. 
Primitive limestone and clayslate. 
Gneiss, granite, micaslate, hornblende slate 

(the Bonhomme). 
Primitive limestone. 
Gneiss and micaslate. 
Primitive limestone and gypsum. 
Unexplored interval along the upper valley of 

the Isere. 
Primitive limestone and gypsum. 
Primitive limestone and micaslate (Mount 

Cenis). 
Gneiss. 
Clayslate. 
Serpentine. 
Granite. 
Serpentine. 

2. Over Great St. Bernhard. 

Compact felspar and slaty sienite. 
Greywacke slate. 
Compact felspar and slaty sienite. 

* Mr. de la Beche has, however, noticed traces of the coal formation in the Col. de 
Baume. 
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Primitive limestone, 
Micaslate and granite 
Primitive limestone and gypsum. 
_Gneiss. 
Primitive limestone. 
Gneiss and micaslate (Great St. Bernhard). 
Primitive limestone and micaslate. 
Primitive limestone and talcose rocks. 
Gneiss. 
Primitive limestone. 
Hornblende, slate, and serpentine. 

3. Over St. Gothard. 
Gneiss. 
Gneiss and granite. 
Primitive limestone and gypsum. 
Gneiss, granite, and micaslate (St. Gothard). 
Hornblende, slate, and greenstone. 
Primitive limestone and gypsum. 
Gneiss. 
Granite and gneiss. 
Micaslate. 

According to Ebel’s map, the transition formations, grey- 
wacke, greywacke slate, and transition limestone, form a band of 
small comparative extent on the north of the Alps, the rest of 
the chain being primitive ; but, according to D’Aubuisson, Mr. 
Brochant considers much of the gneiss, micaslate, and serpentine, 
of the Alpine chains, as truly belonging to the transition series : 
the details are given in the subjoined note.* 

* M. Brochant, Professeur de Minéralogie et de Géologie 4 l’Ecole des Mines, alors 
établie 4 Moutiers, dans la Tarentaise, en observant divers points de cette contrée, fut 
frappé de la multitude de bréches et de poudingues qui s’y trouvaient ; il vit les roches 
de ces montagnes alterner avec ces poudingues, et avec un terrain anthraciteux contenant 
des empreintes végétales. I] exposaces faits dans un mémoire qu’il publia en 1808, et 
dans lequel on nous montra, pour la premiére fois, des schistes-micacés, des serpentines, 
des quartz en roche et des calcaires grenus, hors de la classe des terrains primitifs, et pos- 
térieurs 4 l’existence des étres organisés. Ce mémoire classique et fondamental, pour 
employer les expressions de M. de Buch, fait époque dans cette partie de la science.” 

‘¢ M. Brochant a poursuivi, dans les Alpes qui avoisinent la Tarentaise, les conquétes 
qw’il venait de faire aux formations intermédiares, et il ne s’est arrété que devant le 
Mont-Blanc et les Grandes-Alpes, retenu par un reste de considération pour leur 
ancienne prérogative de primordialité, et par cette élévation qui les place au premier 
rang parmi les montagnes de I’Europe: mais sans désespérer qu’un jour de nouvelles 
découvertes ou de nouvelles analogies ne les fissent passer dans les terrains intermédiares ; 
et en remarquant formellement que lors méme que ces hautes Alpes appartiendraient aux 
terrains primitifs, elles n’étaient séparées, par aucune interruption, du terrain intermé- 
diare de la Savoie, et qu’il y avait continuité entre la formation de ces deux terrains: 
conclusion trés-importante, et sur laquelle nous avons déja insisté. 

*¢ Je remarquerai ici que lorsqu’en 1807, M. Brechant fit le mémoire dont les consé- 
quences ont été adoptées par tous les minéralogistes, ce savant manquait encore d’une 
partie des preuves qui les rendent aujourd’hui incontestables ; alors on n’avait pas 
encore trouvé des coquilles dans les calcaires dela Tarentaise. 

** Depuis les observations de M,de Brochant, dit M, de Buch, je commence a croire 
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In this map also a double zone of primitive limestone is repre- 
sented pursuing its course with undeviating regularity on either’ 
side the axis of the chain. In the Tyrol, the secondary lime- 

stones encroach more on the primitive chains, which, though 
still of considerable height, are tame in their features, and are 

more than rivalled in elevation, and far surpassed in grandeur, 
by the oolitic ranges. 

The steepest escarpment of the Alps is uniformly towards the 
Italian side. 

(K.) Chains surrounding the Basin of Bohemia, including the 
Bohemer Wald, the Thuringer Wald, the Erzegebirge, the 

- Reisengeberge, and the Sudetengeberge. 

The central line of the Alps may, perhaps, be considered as 
prolonged by the primitive chain, which passes from Presburg to 

juin the Carpathians ; but on the NW of this line is a vast group 
of ancient chains, extending between Vienna and Dresden, com- 
pletely enclosing the sources of the Elbe, or the great basin of 
Bohemia, and thus forming, as it were, a detached ring in front 
of the general system. The Bohemer Wald, or branches con- 
nected with it, closes this basin on the SW and SE, ranging 
round the sources of the Elbe. On the NW border, clayslate 
alternating with greenstone rocks prevails; but in the rest of 
the chain, granitic rocks predominate. ’ 

The Fichtelgeberge connects this side of the Boherner Wald 
with the Thuringer Wald: it exhibits granitic summits skirted 
by clayslate and greenstone. The slate district is very extensive 
on the N. 

The Tauringerwald (a branch extending from the NW of this 
primitive circle) exhibits granite, gneiss, and micaslate, skirted 
on the S by the overlying deposits of rothe todteliegende and 
cupriferous slaty limestone (our new red conglomerate, and 
magnesian limestone series). On the N, porphyritic rocks over- 
lying those of the coal formation occur. 

que le gneis méme, entre Martigny et Saint-Maurice, que tous les singuliers poudingues 
de la vallée de Trient jusqu’a Valorsine, que les rochers de gneis entre Martigny et Saint- 
Branchiez, appartiennen} au terrain de grawwacke, et ne sont pas primitiis. Ces roches 
se retrouvent dans tout I¢ Valais, quoique sans poudingues.” 

The slate of Glaris, containing fish and turtles, which has sometimes been considered 
as transition, appears rather to belong to the secondary rocks. 4 

I am desirous to avail myself of this opportunity to correct an error I have inadver- 
tently committed in quoting a statement of Dr. Mac Culloch’s ona subject nearly con- 
nected with this. In noticing his discovery of a calcareous formation containing organic 
remains underlying the gneiss, I have hastily used the term gryphite limestone, but the 
fossils observed were really ortheceratites: the whole sentence is also expressed teo gene- 
rally, and without sufficient precision. Instead of the brief clause ‘‘ a gryphite lime- 
stone underlying gneiss in one of the Hebrides,” I ought to have written ‘* a limestone 
formation underlying gneiss in Garvagh, the most northerly of the Hebrides, and in 
the shores of Loch Eribol on the adjoining main land, which at Eribol contains a subor- 
dinate bed of calcareous sandstone, exhibiting traces of orthoceratites.”” The Doctor has 
little doubt that the associated beds of the limestone will also be found to contain similar 
remains both at Eribol and in Garragh Island. 
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The Erzegeberge (forming the NW border of the Bohemian 
basin) presents the same primitive rocks skirted by the transition 
series. Its ridge supports in many places insulated basaltic 
summits, which are also abundant on the Bohemian side, where 
in the Mittelwald between the Erzegeberge and the Eger, they 
repose on tertiary deposits containing lignite. Porphyritic rocks 
overlying coal abound on the N of this chain as in the Thuringer- 
wald. 

The Riesengeberge (a continuation of the Erzegeberge on the 
opposite side of the Elbe, forming the north-eastern border of 
the Bohemian basin) has a central granitic axis, skirted by 
gneiss sometimes including micaslate, by clayslate, and lastly, 
by transition rocks; The gneissy zone is most extensive on 
the north, and that of clayslate on the south, of the central 
range. Beyond the valley of the Neisse, the continuation 
-of this chain (here principally composed of clayslate), assumes 
the name of the Sudetengeberge, and ranging round the 
district of Glatz, unites itself with the slaty ridges proceeding 
from the Bohemerwald, thus completing the enclosure of the 
Bohemian basin (which, as we shall hereafter see, is occupied by 
the carboniferous series, new red sandstone, tertiary, and basal- 
tic formations). The Valley of the Oder on the north, and of 
Moravia on the south, separate these chains from those of the 
prolongation of Alps towards the Carpathians ranging by 
Presburg. 

(L.) Carpathian Mountains. 

These mountains range in a semicircle round Hungary from 
Presburg, on the W, to the neighbourhood of Belgrade on the E; 
the ancient rocks, however, are not exhibited on the surface 
throughout the whole of this semicircle, there being an interval 
near the middle of its course (above the sources of the river 
Theiss) in which the older rocks only appear in patches bursting 
through an overlying sandstone deposit. With this exception, 
however, which does not amount to more than a sixth part of 
the whole semicircular range, the older formations are uninter- 
rupted. They present first a central granite, then granite, gneiss, 
and micaslate, alternating together. 3. Micaslate and clayslate 
containing granular limestone. 4. Serpentine diallage rock 
(Euphotide) and greenstone porphyry. 5. Transition rocks. 

Having enclosed Transylvania by a rapid bend, the primitive 
chain crosses the Danube helow Belgrade. 

It then appears to extend itself to the 8, turning round to the 
E, and forming the chain of the Balkan or Mount Hemus. 

(M.) Mount Balkan or Hemus. 

I am not acquainted with any geological description of this 
chain. Macmichael, however, observes, in crossing it from 
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Gablova to Shipka, that the strata.on the N are generally calea- 
reous, and the summit a blue or varicgated marble; but on the 

descent, the rocks change to a hard argillaceous schist, abound- 
ing in large veins of quartz. 

On the S of the Crimea is a tract of slate which may be a pro- 

longation of this chain. 

(N.) The Range of Caucasus. 

This, though beyond the limits of Europe, is necessarily 

included in our present survey, being placed exactly on the pro- 

longation of the line of Mount Balkan, and of the slaty tract 

of the Crimea, of which it, therefore, appears to be the con- 
tinuation, forming with it the southern. border of the great 

European basin. It is said to exhibit the usual primitive and 
transition rocks skirted by compact limestone, and to exhibit 
near its centre some overlying summits of floetz trap. 

(O.) Granite Plains of the Dnieper. 

These appear to constitute a group of primitive rocks protrud- 
ing through the secondary and tertiary deposits of the great 
basin: granite principally prevails, and the country is characte- 
rised by the unusual circumstance, that although of primitive 
structure, it is yet low, and, except where furrowed by the valleys 
of the rivers traversing it, level. 

(P.) The Ural Chain. 

The great European basin is open through a wide interval, 

destitute of any primitive barrier towards the Caspian and Aral. 

Whether any primitive zone exists behind these inland seas, or 
how far the secondary deposits extend in this direction into Asia, 

is unknown ; but on the NE, the Ural Mountains on the con- 

fines of Europe and Asia again present a primitive border, exhi- 
biting, according to Pallas, the usual central and collateral zones 

of ancient mountain chains. It seems probable, but has not, I 

believe, been ascertained, that the primitive rocks of Finland on 

the north of the great basin extend along the shores of the 

White Sea till they join the northern extremity of the Ural 

chain, thus completing the primitive margin of the basin on that 
side. 

(To be continued.) 
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ArrTICLE II. 

On Fossil Human Bones, and other Animal Remains recentl 
found in Germany. By Thomas Weaver, Esq. MRIA. MRDS. 
MWS. MGS. 

(To the Editor of the Annals of Philosophy.) 

SIR, Tortworth, Wotton-under-edge, Dec.%, 1822. 

Tue admirable paper of Prof. Buckland on fossil teeth and 
bones, discovered in caves and diluvian gravel, in England and 
on the Continent,* has excited, as might have been expected, a 
high degree of interest in the public mind. Persuaded of the 
value attached to every addition to our stock of knowledge, that 
may tend in any measure to elucidate the effects of diluvian or 
post-diluvian action, it appeared to me that an acceptable ser- 
vice might be performed, by conveying to the English reader an 
account of the fossil human remains lately discovered in Ger- 
many, in company with those of other animals, near the valley 
of the Elster. The facts detailed, and the speculations thence 
arising, which proceed from the pen of the Baron von Schlo- 
theim, are contained in the following paper, to which I have 
added a few notes. You will favour me by inserting it in the 
Annals of Philosophy ; and I am, Sir, 

Your most obedient servant, 
‘ T. WEAVER. 

—<a—— 

Geological Description of the Environs of Kostritz, with an 
Account of the Fossil Bones discovered in that Vicinity.+ 

The recent discovery of human bones, as well as those of 
other animals, in a fossil state, in the neighbourhood of Kostritz, 
cannot fail to render a description of that district interesting to 
naturalists in general. 

I had an opportunity of examining that part of the country 
this spring (1820), in company with Mr. Braun, Counsellor to 
the Land-Chamber, a gentleman distinguished by his exact 
mineralogical knowledge. Its geological relations are so well 
exposed in the ranges of hills, and in the quarries’ opened on 
their declivities, that no room is left to doubt the disposition 
and order of succession of the different floetz formations, which 
appear in that vicinity. 

The valley of the Elster extends from Kostritz to the N, in an 
average breadth of about 2} English miles, flanked by heights 
which are covered with fertile fields, and slightly wooded. 
These eminences form connected ranges on both banks of the 

* Published in the Philosophical Transactions for 1822, Part I; and also in the 
Annals of Philosophy for August and September, 1822. Ny 

+ From the Introduction to the Petrefactenkunde of the Baron von Schlotheim. 
Gotha. 1820. 

New Series, vou. v. c 
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Elster, passing Politz and Kaschwitz ; that on the E, near Politz, 
obtaining the greatest elevation. . The bottom of the valley itself 
is perfectly smooth, refreshing the eye with its verdant mea- 
dows, diversified with groups of trees, from among which peep 
villages and mills. From the heights above, an extensive, 
varied, and very agreeable prospect may be enjoyed, particularly 
toward the N in the direction of Gera. 

The foundation upon which the floetz formations repose, con- 
sists of transition reddish-grey clayslate, and firm fine-grained 
greywacke. The former may be seen in the valley of Eleonore, 
as 30° EofS, and W of N, and dipping 70° — 75° to the 
NE. It rests on the greywacke, which first appears behind 
Kostritz, rising further 8 into a considerable cliff, and exhibit- 
ing in this quarter traces of old mining works. Lamellar sul- 
phate of barytes, with disseminated malachite, occurs in one of 
the old hillocks. The clayslate is immediately covered by the 
older floetz limestone,* which rests upon it in an unconform- 
able, and nearly horizontal position. The lowest strata are sandy, 
and occasionally somewhat bituminous; but in some places, 
where they nearly adjoin the clayslate, they are also micaceous, 
and of a smoke-grey colour (belonging to the so-called zechstein, 
or argillaceous limestone), and are traversed by small veins and 
fissures, which contain galena. In the upper strata, the sand, 
mica, and bitumen, disappear entirely, and, in their stead, traces 
of yellow ochraceous ironstone become visible. 

All these appearances are very common in this formation of 
limestone. We no where observed, in the places we examined, 
the bituminous or cupriferous marl shale, nor the todtliegende. 
Both appear to be wanting in the vicinity of Kostritz, and the 
latter first occurs between Gera and Pforten, where it is exhibited 
in all its varieties.+ 

The limestone, just described, ranges principally on the left 
bank of the Elster toward Gera, as far as the vicinity of Hart- 
mannsdorf, and again on the right bank near Politz, where it is 
well displayed in several quarries. On the other hand, the gyp- 
sum, which is imbedded in, and subordinate to, this limestone, 

* The older floetz limestone of the Baron von Schlotheim, noticed above is the same, 
as the lower floetz limestone formation of Germany described by Freiesleben, the first 
floetz limestone of Werner, the equivalent of what has been called the magnesian lime- 
stone formation of England ; in illustration of which, see my papers in the Annals of 
Philosophy, for October, November, and December, 1821 ; and August, 1822.—T.W. 
+ The meaning attached by the Baron von Schlotheim to the term todtliegende, is 

consistent with that of German writers in general. In the restrictive sense, it signifies 
the old red sandstone; in the enlarged, it comprehends the coal formation also; for 
proof of which it may be sufficient to refer to the Petrefactenkunde, Introduction, p. 5 
and 6, where the author observes, ‘* Certain petrifactions are found in the coal sandstone 
and slate clay that are subordinate to the todtliegende, or older floetz sandstone,” and 
again in p. 385, of the work, ‘‘ In a general point of view, petrified wood may be said 
to be of rare occurrence in the coal measures of the older sandstone formation, as well as 
in coal formations of more recent origin.” I should hardly have thought it necessary 
to advert to this construction of the term todtliegende, had it not been lately contro- 
verted.—(See also my Geological Remarks in the Annals of Philosophy, for August, 
1322.) I may here observe that todtliezende, rothli¢gende, and rothe todtliegende, are 
synonymous terms with German authors.—T. W. 



1823.] Mr. Weaver on Fossil Human Bonet. 19 
occurs at the foot of the opposite range, on the W, neat Kés- 
tritz and Kaschwitz, in the same manner as it appears near Ties- 
chiitz, not far from Hartmannsdorf, in the whole of which extent 
the numerous gypsum quarries afford an insight into its charac- 
ter. The depressions and sinkings of the earth which occur in 
the vicinity, proclaim that we have entered upon the domain of 
the cavernous gypsum and limestone, the latter of which is, as 
usual, covered by the variegated or new red sandstone forma- 
tion, which appears near Hartmannsdorf, and on the ridge of 
the chain of heights near Politz. Over the whole of these floetz 
formations is spread an alluvial loamy tract, which is sometimes 
sandy, extends for many miles, and yields to the landholder a 
rich return when duly cultivated.* 

After this concise general view of the country, and of the 
‘order and succession of the floetz formations, appearing near 
Kostritz, I now proceed to a nearer description of the limestone 
and gypsum, with a detail of the circumstances under which the 
bones of land animals are not unfrequently found in those rocks. 

The varieties of this limestone formation have obtained, as is 
well known, different appellations from miners, among which 
zechstein is one of the principal. Near Politz, that kind of 
zechstein appears more particularly to prevail, which passes 
into the cavernous limestone, being traversed, as may be seen in 
the upper quarries, immediately under the new red sandstone, 
by very considerable fissures and cavities, which often exceed 
12 feet in breadth, the walls of which are coated with stalactite ; 
while the smaller fissures are frequently wholly filled with that 
substance. The rock ranges 30° to 45° to the E of S, and W 
of N, with an inclination toward the NE, in strata which are in 
some places a few feet thick, and in others very thin, alternating 
with slight layers of clay marl, that are partially sandy ; being 
also traversed by numerous fissures) in various directions. At 
the foot of the heights, this limestone approaches more nearly to 
the character of zechstein; and in the next quarry, near Politz, 
it contains aphrite, distributed m nests, yet only in small por- 
tions, and not in such considerable masses as occur on the other 
side of the Elster toward Gera. \In the vicinity of the latter 
town, the rock appears as gryphite limestone, yielding, as is well 
known, fine specimens of gryphites aculeatus and g¢. cymbium, 
beside indistinct remains of other shells, which seem to belong 
to mytulites ceratophagus and terebratulites lacunosus. On the 

* T-have throughout this paper employed the expression allwvial tracts or formations 
(aufgeschwememte gebirge) in the sense established by common usage; namely, as a 
general term, comprehending both dilwvian and post-diluvian deposits, yet involving 
no absolute decision with respect to either era. “Wherever stich epochs are distinctly 
marked, the latter terms become strictly appropriate ; but in questions of a doubtful 
‘Mature (such as that which constitutes the subject of the present article) the former 
retains its use. ‘To confine the signification of the word alluvial to that of post-diluvian 
weg as lately proposed, would be to deprive ourselves of a useful general expression. 

e'2 
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-other hand, in the Politz limestone, I have not observed any 
petrifactions of shells. At the latter place, the upper quarry, 
situated near the middle of the declivity, is particularly instruc- 
tive, exhibiting wide fissures and cavities, entirely filled with the 
alluvial loamy deposit, that covers the whole country to a great 
extent. Considerable masses of stalactite appear in several 
places, and here principally were found those bones of large 
land animals noticed in the following description, and now con- 
tained in my collection. They were met with at the depth of 
about 20 feet, imbedded in the loam of one of the widest cavi- 
ties. They consist of 

1. Lower bones of the foot, hollow bones, dorsal vertebre, and 
single fragments of bones, of the rhinoceros antiquus of Blumen- 
bach. 

2. Lower jaws and single teeth of a species of horse of the 
former world, particularly distinguished by the extraordinary 
length of the teeth. 

3. Dorsal vertebree and hollow bones of ruminating animals, 
nclona to species of the ox and deer tribes of the ancient 
world, of an unusually large size. Of the latter occur also very 
large pieces of the horns, with the coronets adhering, and brow 
antlers and branches of great length: these closely resemble the 
drawings of Cuvier, tom. iv. pl. 1, fig. 3; but it is doubtful whe- ~ 
ther they are derived from the Cervus elaphas primordialis, or 
from the Alce gigantea, the upper or palm part of the horns being 
wanting. 

4, Lower jaws, with the teeth mostly in a perfect state of 
preservation, of a large species of hy@na of the former world, 
canis crocuteformis major. Cuvier, tom. iv. p. 28, figs. 10, 12, 
and 14. 

5. Fragments of the upper and lower jaws, and single tusks of 
the deo diluvianus, which approaches most nearly to the jaguar. 
Cuvier, tom. iv. pl. 1, figs. 3, 7. Compare with Mem. sur les 
grands Chats, pl. 1, figs. 3, 5. It is doubtful whether the frag- 

‘ ments of one of these jaws do not belong rather to a kind 
of tiger of the former world. 

All these bones are more or less changed and penetrated with 
calcareous matter, the alteration being particularly observable in 
the bones of the rhinoceros, and in those of the ruminating ani- 
mals. The condition of the greater part of the bones of the 
other animals is nearly the same as that of the bones found in 
the caverns at Gaylenreuth, Scharzfeld, and elsewhere ; and 
hence it seems probable that they are of an equal age, and refer- 
able to the same epoch of the ancient world. As, however, the 
fossil bones of the rhinoceros, and of the ox and deer tribes, are 
principally met with in loam, calcareous tufa, and other alluvial 
beds ; and the latter in particular have hardly occurred in the 
chambers of the cavernous limestone (dohlenkalkstein) in com-~ 
pany with those of bears, hyenas, lions, Kc. it is certainly possi- 
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ble that the remains of the land animals thus found commingled 
in the fissures of the limestone, compacted in the same alluvial 
soil that covers its surface, may be derived from different periods.* 
But as, on the one hand, the remains of several of the animals 
mentioned above have been found accompanying each other in 
tufaceous and loamy beds, e. g. near Kannstadt, Osterode, Thiede, 

- and other places, it is also possible that they may be of a con- 
temporaneous origin.+ 

Turning now our attention to the NW side of the Elster, to 
the heights above Kaschwitz, we find the gypsum there imbed- 
ded in the limestone, and appearing in the declivities. The 
former seems to have been laid bare by the destruction of the 
superincumbent limestone: but the latter becomes again visible 
in the slopes and eminences, proceeding toward Rubitz and 
Gera, occurring there in the form of zechstein and gryphite 
limestone. 

_ The gypsum seems to constitute in this quarter a large iso- 
lated mass, included in the limestone. As far as exposed in 
the quarries, which have no where penetrated deeper than 30 or 
40 feet from the surface, it is compact, and of so firm a consist- 
ency as to require to be blasted with gunpowder. Colour, grey- 
ish-white, rarely inclining to yellowish and flesh-red. It is 
sometimes striped in the ribbon and undulated manner, and 
alternates with slight layers of clay, in the vicinity of which it 
passes into the foliated variety, and acquires partially a greyish- 
black colour. Farinaceous gypsum occurs adjacent to the 
fissures, and also in their interior, in the form of nests. Specular 
gypsum has been met with only in crystals in the smaller cre- 
vices. Other varieties would probably be found, in the same 
manner as in Mansfeld, were the quarries conducted to a greater 
depth. No traces of salt springs have been discovered in the 
vicinity of the gypsum, though from the geological position of 
the latter such might have been expected. 

The entire gypseous mass is intersected and perforated by 
fissures and cavities, which follow every direction, and are con- 
nected with each other by serpentine channels, of larger or 
smaller dimensions. But these fissures no where attain so great 
a breadth as those of the superincumbent limestone near Politz. 
They are, however, filled throughout in a similar manner with the 
same alluvial loamy deposit, even to the greatest depth ; and this 
loamy sediment appears horizontally disposed for short dist- 

* This argument seems to be invalidated by the consideration, that such remains 
haye occurred together in other caverns, e. g. in England. (See Prof. Buckland’s excel- 
lent paper referred to above, and also the Quarterly Review, Oct. 1822.)—T. W. 

+ According to the view of several naturalists, the bones of the animals met with in 
the caverns of Gaylenreuth, Liebenstein, Scharzfeld, &c. and the remains of bones 
found in the alluvial formations, belong to very different periods of the ancient world, 
This opinion, however, requires the stricter examination, since it is stated that the bones 
of elephants have occurred in some of those caverns ; and in particular a large part of 
the skull of an elephant was thus met with in one of the caverns of the Hartz, which is 
now preserved in the collection of Blumenbach. 
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ances, yielding in clusters, as it were, and under precisely the 

same circumstances, a number of bones of land animals, among 

which are distinctly to be observed also human bones. 

-Even from the first opening of these quarries, which took 
place about 30 years ago, the bones of man and other animals 

have thus been met with. According to the unanimous relation 
of the workmen, the former have usually been found at a depth 

of 16 to 30 feet from the surface, and this has happened in 
almost every quarry that has hitherto been opened in the gyp- 
sum, and always under the same relations. The cases are rare 

in which human and other animal bones have appeared singly 

near the surface of the gypsum, adjacent to the vegetable soil ; 
these have undergone a much greater change, are more pene- 
trated with calcareous matter, and are heavier than the bones 

met with in depth, Our own experience confirmed the affirma- 
tion of the workmen, that various bones are always found toge- 

ther, assembled in a heap, as it were, in the loamy deposit. On 
visiting Kornman’s gypsum quarry, we discovered there in a 
nearly vertical fissure, and at the depth of 16 to-18 feet from the 
surface, a number of bones belonging to quadrupeds and birds, 
firmly imbedded im the loam, Though in a disjointed state, | 
they appear referable to skeletons, that were formerly more or 

less complete. The idea has been advanced, that the bones of 
the smaller animals might have been brought there by owls, 
foxes, and other animals of prey ; being, however, not found in 
caverns, but invariably enveloped in the loam, under the same 
circumstances, this supposition seems invalid ; and it is besides 
contradicted by the appearance of the bones. 

It is also evident that the human bones could neither have 
been buried here, nor have fallen into the fissures of the gypsum, 
during battles in ancient times, nor have been thus mutilated and 
lodged by any other accidental cause in more modern days ; 
inasmuch as they are always found with the other animal 
remains under the same relations, not constituting connected 
skeletons, but collected in various small groups in the deposit of 
loam, that occupies the fissures and cavities of the gypsum. 
They appear, therefore, to be strictly fossz/, and to have been 
swept hither by floods, with the other animal bones, at the period 
of the formation of the alluvial tract itself. 

If, as may be expected, this phenomenon should be further 
confirmed by the more extended examination of the Kostritz 
district, now in progress, it will render probable the supposition, 
that the human Loaes found in calcareous tufa also, are likewise 
referable to the same period; and consequently that man existed 
here previous to the formation of the alluvial tracts, the last great 
revolution te which the earth has been subjected. It has been 
already remarked by Cuvier (Recherches, &c, tom. i. p. 66), 
that this epoch of a great deluge, by which many animals were 
destroyed, whose remains are now found in alluvial tracts alone, 
and not in any strata of an ealier era, nearly coincides with our 
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chronology, And the tradition of such a deluge, preserved 
among all nations, now appears further confirmed by the instruc- 
tive documents lying before us. 

The following are the remains of bones hitherto found in the 
gypsum quarries near Kostritz, almost all of which are in my 
possession. 

1. Of Man.—A perfectly preserved forehead, extending to 
one-half of the orbits of the eyes. - The upper maxille, with the 
teeth mostly well preserved. The left side of the pelvis of a 
man, the left humerus, the right and left ossa femoris. The 
right thigh bone is in a more altered state than any of the other 
bones; and hence itis much heavier, having been found, accord- 
ing to the statement of the workmen, near the outcrop of a fissure. 

- Beside these, some other fragments of human bones are con- 
tained in collections at Gera, and in that of the Natural History 
Society at Altenburg. All these bones are of arather large, yet 
not unusual size, and certainly not of a gigantic stature, as 
stated by loose report. ; 

2. Bones of ruminating animals, of the same description as 
those found in the fissures and cavities of the limestone near 
Politz, among which the deer’s horns appear in a similar manner 
‘deprived of their animal gluten, or calcined, as it were. 

3. Bones derived from animals closely resembling the sheep 
and the roe, although not wholly coinciding with the bones of the 
recent. species. 

4. The lower right jaw, with several dorsal vertebra and 
hollow bones, of an animal very nearly allied to the squirrel 
(sciurus vulgaris). On comparing this jaw with a skeleton of 
the common squirrel, it is found to differ in some respects: the 
molar teeth possess a different direction, being considerably 
more elevated in the anterior part, while the foremost of them 
are much smaller, differently formed, and turned more outwards; 
the incisors also are of a much larger size. The proportions of 
the hollow bones and dorsal vertebrae are likewise considerably 
greater ; and hence it is highly probable that we here possess a 
different species of the ancient world. 

5. The greater part of the skull, with fragments of the sca- 
pule and cervical vertebre, of a kind of mouse, which seems 
referable to the mus terrestris. These bones perfectly corres- 
pond with the delineations given by Cuvier of those which occur 
so abundantly in the osseous breccias on the coast of Corsica, 
tom. iv. Breches Oss. pl. 2, fig. 7. The skull of the specimen 
before us is deeply penetrated with gypsum, and, in some places, 
studded with erystals of that substance. 

6. A number of bones of small quadrupeds, among which are 
some very remarkable jaw bones and teeth, which, though pre- 
senting some resemblance to those of the bat (sorex vespertilio) 
and mole (talpa), are yet for the greater part essentially different. 
Some of these bones agree perfectly with those met with in the 
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beds of calcareous tufa near Meissen; and there, as well as here, 
-are also found single bones of large kinds of frogs. Other bones 
seem to belong to the hare and the rabbit, and deserve to be 
accurately examined and compared. 

7. Bones of the gallinaceous tribe of birds, and probably also 
of marsh fowl. The occurrence of the former is very remarkable, 
and I am not aware that they have been met with before. 
Among these isa perfectly preserved tibia, with the spur adher- 
ing, which is very long in proportion, and agrees very closely 
with the corresponding bone of the common or domestic cock 
(gallus communis or gallinaceus). It is well known that the 
-common cock is principally distinguished by such a spur, while 
the peacock, the partridge, as well as the tetrao canadensis and 
francolinus orientalis, possess, for the greater part, much shorter 
spurs, and frequently only obtuse, knobby excrescences in their 
stead. There can be no doubt, therefore, that this bone is refer- 
able to a bird closely resembling the domestic cock. The length 
and form of the spur also prove, that it belonged to a full grown 
bird, and yet the bony tube is one-third smaller, and much 
thinner, than that of the common cock ; the head of the joint of 
the knee and. its posterior continuation also exhibit a slight 
variation in form; and hence it may be presumed that the bird 
differed in some respects from the recent species. Almost all 
the bones of the birds have undergone great change, and bespeak 
a high antiquity, although they do not appear in so perfectly 
calcined a state as the bones of the rhinoceros, and the horns of 
the deer. 

Similar fossil bones are occasionally turned up by the plough 
in some parts of the fields in the vicinity of Kostritz, lying pro- 
bably concealed almost every where in the alluvial loamy soil. 
Great caution, however, should be exercised not to confound 
common bones, brought casually upon the land in carrying 
manure, with real fossil bones exposed at the surface by the 
operations of agriculture. 

In the preceding pages, I have endeavoured to describe as 
faithfully as possible all the natural circumstances by which these 
remarkable remains of bones are distinguished; and though I 
have expressed my opinion, that they were swept hither and 
deposited during the period of the formation of the alluvial tracts, 
still it may deserve further inquiry, whether this view be the 
most probable, or whether bones belonging to different periods 
have been here commingled by other natural causes. 

Continuation of the Description of the Fossil Bones and their 
Repositories in the Vicinity of Kostritz.* 

The very remarkable circumstance of fossil bones-of animals 

i a From the Nachtrige zur Petrefactenkunde of the Baron von Schlotheim. Gotha. 
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ofthe ancient world being found intermingled without order with 
those of recent species, and with human bones, in the loam 
which occupies the cavities of the lower floetz gypsum in. the 
vicinity of Kostritz, demanded the most careful investigation. 
The offer, therefore, of the Privy Counsellor Rudolphi in Berlin, 
a naturalist of experience and high repute, to compare and 
determine with exactness the nature of these bones, was highly 
acceptable; and I feel deeply indebted to that gentleman for his 
valuable services on the occasion.* The true character of seve- 
ral of the bones was so distinct as to require no further compa- 
rison ; but it became necessary to transmit the far greater num- 
ber to Berlin. Of these the largest portion has been most accu- 

_ rately determined, a few only remaining of a doubtful nature. In 
the mean time, I have received several packages from Kostritz, 
among which are some specimens that may require a careful 
examination; and of these I shall not fail to give a fuller 
account on a future opportunity. 

Of man, the following fragments of bones have hitherto been 
dug up: 
i. The os frontis, extending to the orbits of the eyes. 
2. The upper maxillz, in two corresponding halves, in which, 

with the exception of the incisors, all the teeth are perfectly 
preserved, differing in no wise from the recent. 

3. A fragment of the lower jaw, with the molar teeth. 
4. The left humerus. 
5. The right femur. 
6. The upper half of the left femur. 
7. The left side of the pelvis of a man. 
8. A fragment of one of the true ribs. 
9. Single fragments of thigh and arm bones. 
All these pieces are contained in my collection, and betray a 

great antiquity, although they have not all undergone a change 
in an equal manner. Some of them have lost their animal gluten, 
and are even penetrated with gypsum (as is the case also with a 
considerable portion of the other animal bones), while others are 
only slightly calcined and decomposed. This varying condition 
of the bones is likewise observable in all the fossil bones of 
Kostritz. 

Of the animal remains generally admitted to have belonged to 
inhabitants of the ancient world, the most numerous met with 
near Kostritz are those of the rhinoceros, although, upon the 
whole, they are of rare occurrence. Of the elephas primigenus, 
the mastodon, and other gigantic land animals, no remains have 
hitherto been found in that vicinity. 

* The Court Counsellor Oken also had the goodness to favour me with several obser- 
yations on these bones, which have been confirmed in part by those of Rudolphi 
Whether the supposition of the former gentleman, that the human hones found near 
Késtritz are the remains of the Gothic race, the ancient inhabitants of Germany, be 
well founded, must be left for the decision of future experience. 
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The bones of the rhinoceros in my collection, derived from the 
limestone and gypsum quarries near Kostritz, are the following : 

1. The second or third molar tooth of the right upper jaw, in a 

perfect state of preservation. 
2. A molar tooth, in an injured state, and wholly calcined, 

probably belonging to a young rhinoceros. 
3. Several cervical vertebre of the same, nearly complete, and 

but slightly altered. 
4, A large dorsal vertebra, damaged, and much calcined. 

5. Two fragments of the scapula of the rhinoceros, also much 

calcined. 
6. A large and nearly perfect fragment of the right femur of 

the same, perfectly calcined. It was found on Dec. 12, 1820, 

in Friedemann’s gypsum quarry, lately opened near Kostritz, and 

at the same time fragments of human bones were also met with. 

7, The lower end of the left femur, in the same state, and 

found at the same time. 
8. Two perfect phalanges of the rhinoceros, calcined in a 

similar manner, discovered in Winter’s gypsum quarry at the 

depth of 18 feet from the surface. These pieces are particularly 

deserving of notice, as beneath them, at the depth of eight feet 

further, were found the human bones mentioned under No. 9 of 

that list. 
9. Single fragments of thigh and hollow bones of the same, 

from Friedemann’s and Winter’s gypsum quarries. 
10. Very large fragments of the tibia of the rhinoceros, with 

the apophysis perfectly preserved, completely deprived of animal 

gluten, from the limestone quarry near Politz, not far from 

Kostritz. 
11. A fragment, probably belonging to the fibula of the rhino- 

ceros. 
It is very remarkable, as has been already observed, that these 

bones should have suffered such different degrees of change; 

and in this respect, the tooth No. 1 is particularly distinguished, 

retaining still in part the perfect enamel. It deserves the greater 

attention, as it is deeply worn by mastication, being obviously 

the tooth of an old animal. Itis probably owing to this circum- 

stance that it so nearly approaches in form the tooth of the 

recent rhinoceros. All the other bones coincide fully with the 

delineations of the fossil rhinoceros given by Cuvier. 

The fossil bones of the deer tribe, found in the Kostritz quar- 

ries, are also in the same manner highly calcined. With respect 

to some of them, it remains doubtful whether they belong to 

recent species, or to animals of the ancient world. My collection 

contains : 
1. A large fragment of the left scapula of the elk, which is 

obviously much greater than that of the recent elk, and hence it 

may, perhaps, really belong to the alce gigantea. From Winter's 

quarry. 
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2. Four large fragments of the lower halves of very thick deer’s 
horns, partly with the coronets adhering, and several very long 
branches. They are not sufficiently perfect to ascertain with 
certainty whether they appertain to the elk, or to other species 
of deer. 

3. Similar fragments, of a smaller size, which may be referable 
to recent species. 

4, Fragments of hollow bones, apparently belonging to the 
deer tribe. 

5. A metatarsal bone of the right foot of an animal of the 
deer kind, which seems most nearly to resemble that of the roe; 
but it may have belonged to one of the antelopes, which, how- 
ever, is mere conjecture. From Kornmann’s quarry. 

The remains of the deer tribe enumerated above were found 
partly in the gypsum quarries in the vicinity of Kostritz, and 
partly in those of the limestone near Politz. 
Of the horse, several large pieces of bones have occurred, 
which perfectly agree with those of the existing horse ; and the 
fragment of a jaw, which contains six teeth, appears also refer- 
able to the recent species. On the other hand, single teeth are 
sometimes met with, which are of a much greater length, and 
more curved in their form, and there can scarcely be a doubt 
that they are derived from the horse of the ancient world. 

’ In the same manner, the bones of the ox tribe, of which the 
number found is rather considerable, coincide fully with those 
of existing species ; and although some of them are remarkably 
thick, this distinction is not sufficient to claim for them an origin 
in the ancient world. It seemed, therefore, superfluous, as in 
the case of the bones of the horse, to describe them separately. 

That the bones of the rhinoceros, of the deer, horse, and ox 
tribes, should be found in common in so many places, is a phe- 
nomenon that deserves particular attention. A similar occur- 
rence has been again lately observed by Cuvier in the neighbour- 
hood of Quercy. 

Rudolphi has not ventured to decide upon the fibula of an 
unknown animal, found in Winter’s gypsum quarry. By some, 
it was supposed to belong to the paleotherium of Cuvier, though, 
it would appear, on insufficient grounds. I have, however, in 
my possession, a tooth, which was met with in the beds of calca- 
reous tufa near Meissen, that was considered by Rudolphi him- 
self from the first as answering to that of the paleotherium ; and 
this animal, thus occurring, as it seems, in alluvial tracts, it is 
at least possible that its remains may also be found in the cavi- 
ties filled with loam, in the neighbourhood of Kostritz. 

Of beasts of prey found near Kostritz, my collection contains : 
1. Two considerable fragments of the right and left lower jaws 

of the hyzna, containing several molar and canine teeth, and 
the tusks. They perfectly correspond with the delineations of 
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Cuvier. The magnitude and strength of these remains prove 

that they belonged to a larger species of the ancient world. _ 

2. Two fragments of the lower jaws of a large animal belong- 

ing to the cat family, with remains of the tusks and canine teeth, 

probably referable to the jaguar of the former world. 

3. Single tusks of the same animal. 

4. A tusk which seems to belong to the bear found in caverns. 

All these bones were discovered in the quarries of the superin- 

cumbent limestone near Politz, excepting some of the tusks 

which were met with in those of the gypsum. 

I now proceed to notice the bony remains of the smaller land 

animals, which evidently belong to well-known species of the 

existing creation. There are a few, however, respecting which 

some doubts remain, and which I shall particularly notice, as 

requiring a strict examination. 
1. Cervical vertebra of the fox (can. vulp.) 

2. The right lower jaw of ayoung dog, much calcined. The 

form and position of the teeth, however, which approach to 

those of the marten (mustela martes), excite some doubts. 

3. The os occipitis, and dorsal and cervical vertebra, of the 

weasel (mustela vulgaris). They deserve the greater attention, 

as similar remains are found also in the beds of calcareous tufa 

near Meissen. 
4. A fragment of the right lower jaw of the shrew-mouse 

(sorex araneus). 5 

5. Five pieces of the lower jaws of very young moles, ina 

very calcined state. The form of the jaw, however, differs -con- 

siderably from that of the recent species, possessing at the ante- 

rior extremity a prominent hook-like process. Hence Rudolphi 

is of opinion that they require further investigation. 

6. The os sacrum of the hare (lepus timid). 

7, A skull nearly complete, and single upper and lower jaws, 

of the hamster (mus cricetus). 
8. A lower jaw of the squirrel (sciurus vulg.) 

9. A lower jaw of a similar animal, but somewhat different, 

which demands further exammation. 
10. A lower jaw of the field mouse (mus terrestris). 

11. Several lower jaws of the rat (mus rattus). 
12. Femora, tibie, and phalanges, of the common domestic 

fowl. 
13. Bones of the first toe and middle toe of the owl (strix 

bubo). 
14. A fragment of the os femoris of another species of owl. 

15. Several bones of frogs, some of which are of a large 

size. 
The bones of these smaller animals also betray for the greater 

part ahigh antiquity, although, like the other bones, the degrees 
of change which they have undergone vary very much. 
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From the whole of the facts now detailed in the present and 
my former communication, it is quite evident that, in the country 
near K6stritz, human bones are found intermingled without order 
with the bones of animals of the ancient world, and with those 
of existing species, and under precisely the same circumstances, 
being firmly enveloped and compacted in the loamy deposit 
which occupies the fissures and cavities of the bed of gypsum 

that occurs in that vicinity. 
It is undeniable that, in Winter’s gypsum quarry, human bones 

were discovered at the depth of 26 feet from the surface, lying 
eight fee below the bones of the rhinoceros there also depo- 
sited. 

The human bones, like those of the other animals, are more or 
less altered, and deprived of their animal gluten. Human bones 
and skeletons have also been found in other places, within the 
tract of the alluvial formations, in the vicinity of the repositories 
of large land animals of the ancient world ; but which have not 
hitherto received that attention which they deserve. 

All these considerations give, on the first view, probability to 
the conclusion, that the other animals were destroyed at the 

same time with man, and consequently that the latter was 
already in existence in this country at the period of the destruc- 
tion of the large Jand animals ; an opinion which I have already 
advanced. j 

Several important doubts, however, arise, when we closely 
examine into the local peculiarities and geological relations of 
other tracts, in which animals of the ancient world are usually 

met with; and when we also consider that such animals are 

found in common with recent species in the neighbourhood of 
Kostritz. 

As far as hitherto known, such remains of recent species have 

not been found in any other place intermingled with those of the 

more ancient,* and still less with the bones of man. No remains 

of the large land animals of the ancient world have been met 

with in the osseous breccia of the coasts of the Mediterranean, 

which contains, according to the exact determination of Cuvier, 
only bones of recent species. 

All the circumstances under which fossil human remains had 

hitherto been discovered in the latest deposits, obviously bespoke 

their modern destruction, and in the greater number of the 

recorded instances, implements and utensils were found in their 

vicinity, e. g. in Guadaloupe, near Pabstdorf, Burgtonna, &c. ; 

and in the case of the first place, it is nearly proved, that a bury- 

ing ground of the Caribs exists there, which is now washed by 

the sea, and covered with its deposits. All other reported 

cases of the occurrence of human remains in more ancient 

* To this position, the Kirkdale cave in Yorkshire, in which extinct and existing 

species occur together, appears to afford a direct answer. (See Prof. Buckland’s Jumi- 

nous view of this question, in the paper already adyerted to.)—T. W. 
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strata, or in caverns, accompanying the bones of beasts of prey, 
have not been confirmed on a closer investigation ; and, accord- 
ing to later inquiries, it appears even probable that the bones 
‘and skulls of men found in beds of calcareous tufa, have been 
lodged there in an accidental manner. 

It is also to be remarked, that the remains of the large land 
animals are always found in very low positions, in plains, on the 
banks of rivers, or in deep valleys, dells, and the concavities of 
hilly ranges, deposited in the alluvial strata, which is also the 
case in the Kostritz district ; and it is obvious that they were 
here destroyed, and partly swept into such positions, by the 
concurrence of great floods. It is, moreover, highly probable 
‘that in these operations land floods were the agent, and not the 
sea. But then the attendant phenomena ought to be uniformly 
the same. If the remains of man, now found commingled with 
those of animals of the ancient world and of the existing crea- 
tion, were destroyed with them at the same time, we ought to 
find human bones distributed in all parts of the alluvial tracts.* 
But this phenomenon has as yet appeared only in the loamy 
deposit in the Kostritz gypsum, confined to a narrow space, and 
under peculiar circumstances. 

_ The principal of these circumstances are the following: The 
narrow valley which extends from Kaschwitz toward Kostritz 
is bounded on the eastern side, near Politz, by a much more 
considerable range of ennnences than on the other side, which, 
though gradually becoming more elevated toward Jena, is par- 
tially interrupted by dells and circular concavities. The deep 
narrow valleys and defiles prevailmg in the neighbourhood of 
Jena, in the valley of the Muhl, and further toward Drackendorf 
and Kostritz, clearly show the power with which the ancient 
waters raged, when those channels were excavated in which at 
present flow the Saale, the Elster, and the adjoining smaller 
streams. It is manifest that during the course of this operation, 
large tracts of the limestone superincumbent on the gypsum, as 
well as of the new red sandstone, were torn and swept away, 
and that the gypsum, thus laid bare, was repeatedly covered, 
and its cavities filled, with the sediment of the waters, the exist- 
ing loamy soil. 

That the bones of the same species of animals, as well as 
‘human bones, should be found without order at different 
depths, and even immediately under the vegetable soil, lying 
upon the superior strata of the gypsum, is a circumstance tend- 
ing rather to confirm than refute the idea of repeated depositions. 
In the same manner, to find animals belonging to very different 
epochs, assembled only in the gypsum, where situated in the 

* This argument proceeds on the assumption that the human race had overspread the 
whole face of the earth, at the period of the formation of the alluvial tracts, The phy- 
ical evidence, however, hitherto obtained from the investigation of those tracts, seems 
to indicate the contrary —T. W. ; 
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lowest position, seems to indicate floods in more recent times ; 
more especially, as no animals of the existing creation have been 
found in the cavities of the superincumbent limestone,* placed 
ona higher level. These cavities, which are filled with the same 
loamy soil, seem to have been the repositories of the bones of 
beasts of prey, in the same manner as the caverns of Scharzfeld, 
Liebenstein, &c. and these bones appear to have been swept 
away by later floods, and deposited singly in the cavities of the 
gypsum, situated upon a lower level, and which presents in this 
spot the form ofa basin, being one of the lowest positions in the 
district. Hence it is highly probable that animals of the ancient 
world, belonging to very different repositories and very different 
eras, reaching in part even to the remotest antiquity, have been 
here repeatedly brought together, and commingled in later 
periods with the remains of recent animals, and the bones of 
man; yet in a manner very different from those met with in 
strata of calcareous tufa.}+ This substance, considered as the 
gradual and tranquil production of great lakes, covering on the 
spot the skeletons of large land animals previously swept thither 
and deposited, appears, for the most part, to belong to the more 
ancient of the alluvial formations; and this high antiquity is 
also evinced by the state of the bones found in the tufa, which 
are perfectly calcined, and also partly petrified. Upon the 
breaking down of the dams which confined the lakes, and the 
outflow of their waters, a part of the land animals buried within 
their bosom appears to have been carried to a greater distance ; 
and to this cause, and more stormy floods, we may in part attri- 
bute certain depositions of loamy soil, in which are sometimes 
found considerable beds of boulders and pebbles, composed of 
limestone and other substances. In the district of Késtritz, 
even boulders of granite, of a considerable size, and which are 
foreign to the country, are found in the loamy deposition, which 
occupies the fissures and cavities of the gypsum. 

The great difference in the state of calcination exhibited by 
the Kostritz bones, will long remain enigmatical, as well as 
several other of the peculiar circumstances that have been 
adduced; and I am far from thinking satisfactory the attempt 
which I have made to explain the phenomena. At present, I 
consider it as most probable, that the human bones thus found 
belong to a much later epoch than the large land animals of the 

* This assertion of the author is surprising, after having stated above that the bones 
of the ox tribe, found in the cavities both of the limestone and gypsum, are all referable 
to recent species ; while the remains of the horse met with only in the limestone, coin- 
cide, it is said, for the most part, with those of the existing species. —T. W. 

+ The occurrence of bones of the common domestic fowl seems, in particular, to 
bespeak a much later epoch; unless we assume (notwithstanding the local peculiarities 
attending them are contrary to the idea), that they were carried thither by beasts of 
prey, and that the place of their deposit has been subsequently filled, perhaps even in 
the latest period, with loam, the bones thus becoming enveloped and cemented in its 
mass, 
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ancient world. So much, however, appears to be proved, that 
they occur here in a really fossil state, having been brought 
thither by great floods at very remote periods. 

—=—— 

Note by T. W.—In considering all the natural circumstances 
detailed by Baron von Schlotheim, following the course of his 
argument, and comparing both with the instructive facts and 
views contained in Prof. Buckland’s paper (which may be valued 
as a model of just induction), the question arises, whether the 
phenomena attending the animal remains found in the district 
of Kostritz may not be most consistently explained by ascribing 
them to the effects of diluvian action? The existing form of the 
surface, the general distribution of the same sandy loamy soil 
over that surface, extending many miles in every direction, and 
the deposition of precisely the same soil in the fissures and 
cavities both of the limestone and gypsum, containing, it would 
appear, boulders and pebbles of limestone and other substances, 
and even of granite, a rock not to be found in situ, but at the 
distance of many miles: all these relations seem to bespeak 
the operation of one great cause at one fixed period. Now of 
the animal remains met with near Kostritz, it is to be observed, 

1. That those which are merely confined to the fissures and 
cavities of the limestone are referable to the horse, belonging 
partly to an extinct species, but mostly agreeing with the exist- 
ing horse. 

2. The remains found in the cavities and fissures both of the 
limestone and gypsum, relate to 

The rhinoceros, an extinct.species. 
The deer tribe, extinct, and apparently also existing, species. 
The ox tribe, recent species. 
The hyena, and an animal approaching to the jaguar, both 

extinct species. 
3. While the remains confined to the cavities and fissures of 

the gypsum consist of 
The bones of man, of the fox, dog or marten, weasel, shrew- 

mouse, field-mouse, rat, hamster, squirrel, hare, mole, domestic 
fowl, owls, aud frogs; which agree with existing species, with 
some exceptions, however, which appear to require further in- 
vestigation. 

It may be asked, ifthe whole of these remains were deposited 
at the same era, whence does it proceed that they are not all 
distributed in the fissures and cavities of the superincumbent 
limestone, as well as in those of the subjacent gypsum? To this 
the natural answer seems to be, that, the limestone occupying a 
more elevated position, the greater mass of animal remains 
would follow the deeper current of the diluvian waters, and . 
become principally lodged in the lowest points presented to that 
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current. Now this is precisely the position of the gypsum, in 
which those remains are found. If it be maintained that the 
animal remains deposited in the cavities and fissures of the lime- 
stone and gypsum, belong respectively to different epochs; and 
that of such as occur in both; namely, the rhinoceros, ox and 
deer tribes, hyena and jaguar, these were at later periods washed 
out ofthe limestone, and then deposited with the other remains 
in the gypsum, it may be inquired, why were not the remains of 
the horse equally dislodged ? And as the fissures and cavities of 
the limestone are described to be entirely filled at present with 
the same loamy deposit as those of the gypsum, it may also be 
asked, in what manner could the former be partly emptied, and 

- yet be filled again with the same alluvium at those supposed 
different epochs? And how could the cavities of the gypsum 
have remained empty, while those of the limestone were filled 
during the first of those periods. There appears to be an inconse-' 
uence in such a supposition. If, again, it be contended that the 

whole of these deposits were post-diluvian, itmay beremarked that: 
this seems to be contradicted by the same loamy soil which occu-: 
pies the fissures and cavities of the limestone and gypsum, being: 
spread over the whole country to a great extent. It is true, Baron: 
von Schlotheim appears to suppose the former existence of a lake, 
whence the waters flowing oat, on the breaking down of its bar- 
riers, bones belonging to different repositories and different eras 
have been commingled and swept together. But lakes, in the 
natural course of things, have a tendency to filling up, by a gra- 
dual accumulation on their bottoms, and not to bursting their 
barriers. Of the former existence of many such inland seas and 
lakes, there is ample evidence in the present form of the surface 
of the earth; but the gorges and defiles, by which their waters 

were discharged, clearly show that those channels were exca- 
vated by a mighty power; and as no physical cause now in 
action could have produced such effects, it may fairly be inferred 
that it was not post-diluvian. Where then is sucha power to be 
found but in the agency of the diluvian waters, or in the more 

ancient causes which operated during or subsequent to the de- 
position of the earlier strata? 

‘It is also to be observed, that in the fissures and cavities of 

both formations, the remains met with belong partly to extinct 

aniuials, and partly to such as agree with existing species. In 

considering the animal remains discovered in caves and in diluvian 

tracts, it appears hitherto to have been the practice to confine 

the terms “animals of the former, ancient, or antediluvian 

world to such as are now extinct. If the deluge was the great 

ent by which land animals were destroyed ; and if in the 

existing order of beings the races were renewed with certain 

exceptions, we might expect to find in the depositions conse- 

quent to that catastrophe, the remains both of extinct animals, 

and of such as correspond with recent species ; and we do so 
find them, e. g. in the cave, or rather series of caves, lately dis- 

New Series, vou, ¥. D 
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covered at Oreston, near Plymouth ; and that these are referable 

to antediluvian races, appears to be proved by the unequivocal 

circumstances attending analogous remains in the Kirkdale cave 

jn Yorkshire. If this be admitted, it will require the stricter 

caution in distinguishing between diluvian and post-diluvian 

deposits. The satisfactory solution of the general problem, as 

far as it relates to man, is probably to be sought more particu- 

larly in Asiatic regions, the cradle of the human race. Whether 

fossil remains of the recent elephant, rhinoceros, hippopotamus, 

and hyzna, are to be found in the diluvium of tropical climates, 

becomes also an interesting branch of the inquiry, since it has 

been conceived that the fossil species of those races distributed 

throughout the greater part of the temperate and frigid zones of 

the northern hemisphere, being different, were by nature adapted 

to those regions, and perished where they lived. In the mean 

time, in a district so highly interesting as the neighbourhood of 

Késtritz, it cannot be too strongly. recommended to naturalists 

to continue to explore, and scrutinize with all that precision 

which the subject obviously demands, all the natural circum- 

stances under which the various deposits of animal remains are 

to be found in the fissures and cavities both of the gypsum and 

limestone, as well as in the general tract of sandy loamy soil 

diffused over the surface of that country. In investigating such 

a question, a comparative view of the levels of the country, in 

relation to those deposits, would form an instructive part of the 

inquiry. 

Articte III. 

On the Temperature of Mines. By M. P. Moyle, Esq. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Helston, Dec. 8, 1822. 

Tue difference of opinion evinced by Mr. Fox and myself, 

relative to the augmented temperature of the earth in the descen 

from its surface, seems to have drawn considerable attention ; 

and as strong arguments are brought in support of decidedly 
opposite theories, I consider it but just that the public should 
be in possession of all the facts, sentiments, and experiments, 

to ground theirs. It, therefore, will become necessary to make 

afew remarks on what has been advanced by Mr. Fox and Dr. 
Forbes, in the Transactions of the Cornwall Geological Society, 
as well as that published by the former in the Annals of Philo- 
sophy. 
pong few of my. earliest experiments you have done me the 

favour of publishing in the Annals for April and June last. 
These experiments, together with others, formed the substance 
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of my communication to the same Society, and which has been 
published in the second volume of their Transactions. The 
substance of this communication I conceive it necessary in this 
place to detail, as I shall have frequent occasion to refer to it. 
I have since collected some additional facts which, I conceive, 
will tend to strengthen very materially the opinion I originally 
advanced. These shall follow in the second place, reserving any 
comments for the conclusion. 

As it is only by comparing the different results of the experi- 
ments of individuals that the truth, or an approximation to it, can 
be elicited, I conceive too much attention cannot be paid to the 
manner in which these experiments are conducted. With 
respect to the temperatures now given, where there has been any 
degree of uncertainty in the result, they have been taken twice 

. or thrice in the same spot, by different methods, such as burying 
the thermometer in the earth, or rock of the gallery, in mud or 
water, lodging in the gallery, in the full stream of water flowing 
from the veins, by allowing it to remain 15 or 20 minutes during 
each observation, and by the correspondence of two or more 
thermometers at the same time. 

I have lately ascertained the temperature of three levels which 
have been driven from Crenver directly under the deepest level 
in Trenoweth (the mine alluded to inthe Annals for April, p.416). 
At the depth of 124 fathoms below the adit level, or 936 feet 
from the surface, it was 57°; at 984 feet, 58° ; at 1044 feet, 58°. 
Five months before, when the miners were at work in the last 
mentioned level, the temperature was 68°. 

In Oatfield copper mine m May, 1822, the temperature of the 
air in the engine shaft at the adit level was 61°. At the depth 
of 1092 feet from the surface, it was 77°, and at 1272 feet, and 
480 feet east of the shaft, 78°; at 1332 feet, and 600 feet east of 
the shaft, it was 81°; but at the same level, 360 feet west of the 
shafts, it was only 78°: neither of these spots were working 
places; but the latter was more contiguous to them than the 
other. At the depth of 1392 feet, in a working part 72 feet east 
of the shaft, it was 80°; and only 24 feet deeper, 180 feet west 
of the shaft, in a confined end, it was 85°. Here the water 
issuing in considerable streams from two small veins, at the bottom 
of the gallery, a few feet apart, indicated the different tempera- 
tures of 82° and 861°. 

Since the temperature of the different parts of this mine has 
been taken, the pumps have been drawn up from the deepest 
part, and the shaft, below the depth of 182 fathoms from the 
surface, has been for some months full of water. At this level, 

the temperature was previously 77°, but a few months afterwards 

(in Sept. last), when the water had risen to the level, its temper- 

ature, a few feet below its surface, was 69°; and at the depth of 

72 feet in the water, it was 71°. A fortnight after this, I 

repeated the experiment, and or. the temperature, a few feet 
i Q 
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below the level, 66° ; and at 12 fathoms, as befure, deep in the. 

water, 67°; it having cooled 3° in a fortnight, and 11° since its 

admission into the shaft. 
In Crenver copper mine, very little work has been done for a 

great while. At 300 feet, and 300 feet east of the engine shaft, 

the temperature was 55°; at 432 feet deep, 56°; at 492 feet, 

61°; at G17 feet, 62°; at 672 feet, 64°; at 732 feet, 64° in the 

shaft; but in a gallery 360 feet east, only 60°; at 792 feet, 63° 

in the shaft; but 1200 feet east of it, only 61°; at 852 feet, 62° ; 

but at 180 feet west, it was 64°; and at 1200 feet west, it was 

68°. 
Huel Abraham is on the same lode as Trenoweth, Crenver, 

and Oatfield; and is, in almost every part, in full work. At 

1332 feet below the. surface, the temperature was 84°. At 1392 
feet deep, at the extremity of the level, on a Monday morning, 
before the workmen had returned to labour, and where a machine 

was erected for blowing fresh air to the miners, the thermometer 
stood at 90°; but a few days afterwards, when a communication 
had been formed, it fell to 86°. At the depth of 1452 feet, it 

was, in one gallery, 84°; and in another (the only spot where 
there were no workmen), it was 86°. 

I shall now mention: the result of some experiments, to ascer- 
tain the temperature of the water, at different depths, in mines 

which have been long abandoned. 
Herland copper mine, in Gwinear, has ceased working (except 

above the adit), 15 years. On the 28th May, 1822, while the 

temperature in the shade at the surface was 64°, and in the sun 
74°, I found that of the water running through the adit, 32 
fathoms deep, 52°; as we approached the engine shaft, it was 
increased to 53°; and on sinking two self-registering thermo- 
meters, properly secured in a box with iron weights, the temper- 
ature, at the depth of 10, 20, 40, 60, and 100 fathoms in the 
water, and 792 feet from the surface, was uniformly 54°. In 
another shaft in this mine, 360 feet north-west of the great 
engine shaft, the water running through the adit was 54°; and 
at 10,20, and 40 fathoms deep, 56°. 

On the 8th of June, 1822, [ visited Huel Poel and Huel Rose 
lead mines near Helston. In the former, the temperature of the 
water, at 10 and at 20 fathoms deep, was 53°. In another shaft 
it was precisely the same. , 

In Huel Rose, the water in the engine shaft was, at 60 feet 
deep, 531°; at 120 feet, 532°; at 240 feet, 533°; and at 300 
feet, only 53°. The time allowed for the thermometer to remain 
at the different depths (except the last) was 10 minutes, which, 
erhaps, was scarcely long enough. 
In Huel Alfred (visited in July, 1822), the temperature of the 

water in the adit, 18. fathoms below the surface, was 56°; and at 
the several depths of 60, 120, 240, 360, 600, and 672 feet of 
water, or 780 feet from the surface, it was uniformly the same. 
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Relistian mine in Gwinear (visited on the same day) is 
reported to have been, when at work, much hotter than mines in 
general ; but I found the water in the adit, 25 fathoms deep, 
only 55° ; and at 10, 20, and 25 fathoms below the adit, it was 
stili the same. 

Huei Ann an old tin mine, 353 feet above the level of the sea, 
is situated in granite, andis on the same lode as Huel Trumpet, in 
the parish of Wendron. This mine has not been wrought for the 
last 20 years, but is to be immediately reworked ; and men have 
consequently been employed to open that part of the mine above 
the adit. On uncovering a shaft, I found that I could drop 120 

fathoms perpendicular. This I did with half a hundred weight, 
to which was affixed a common bottle properly corked, sealed 
and secured, so that with a small cord affixed, the cork was 

withdrawn after a lapse of a few minutes. The water thus 
drawn from the bottom was of the temperature of 52°, anda 
pint of it left only a residuum of 1, gr. I then sunk a day and 
night thermometer properly secured, as in my former experi- 

ments, and found the temperature at the depth of 30, 60, 120, 
240, ‘and at 720 feet, or the bottom of the mine, uniformly of the 
temperature of 52°. The adit is 14 fathoms, thus making the 
depth from the surface 804 feet; and the thermometer was 

allowed to remain at the bottom of the water for four hours. 
--On repeating my experiments on the temperature of the 

water in the Herland mine, | found the heat at all depths, as 

before stated, viz. 54° in the old ergine shaft, and 56° in an- 
other about 60 fathoms distant ; and in a third, not before tried, 

the water was only 52°. I was given to understand by Capt. S. 

Grose, who accompanied me, that all these shafts extended to 

nearly the same depth. This circumstance I conceive rather 

remarkable, and clearly proves the operation of different causes 
of temperature in’a very circumscribed portion of ground. 

At Huel Franchise, a tin and copper lode in the parish of Wen- 

dron, 313 feet above the level of the sea, and parallel with Huel 

Trumpet. The water in this mine, which has ceased working 

for about two years, was in November last at the bottom, or 180 

feet in depth, 51°. 
Huel Nancy is on the same lode, but half a mile east of the 

latter mine. This mine is about 200 feet deep, and indicated at 

all depths 51°; while the temperature in the shade at the surface 

was 55°. This mine has stopped more than 20 years. 

In making my experiments with the registering thermometer, 

in order to obtain as correct results as possible, 1 always reduce 

the degree of the mercurial one to about the freezing point, by 

sprinkling its bulk with ether, and by raising the spirit one with 

my tongue, bringing the indices to correspond before each 
immersion. 

There appears to be little or no difference in the mean temper- 



38 Mr. Moyle on the Temperature of Mines. [Jan. . 

ature of the same spot in a deep and confined part of a mine at 
work, in summer or winter; or at least the miners are not sensi- 
ble of any. Capt. W. Teague assures me, that he has often met 
with ice in great abundance in Tin-Croft mine, at the depth of 
318 feet below the surface ; and in such quantities that the lad- 
ders have been impassable ; deep crevices in the walls have been 
completely filled, and icicles hanging abundantly around him. — 

As liquid and aeriform bodies convey heat on a different prin- 
ciple from that observed in solids, viz. by an actual change in the 
situation of their particles, instead of an augmentation of their 
bulk, as in solids, in proportion to the absorption of caloric, it 
may not be deemed irrelevant to explain this principle, and apply 
it to the circumstances of the water in a relinquished mine, and 
show how the whole water becomes of an uniform temperature. 

Supposing the greatest temperature is at E, the bottom 
of the mine, and the whole becomes filled with water by 

_ infiltration from the surface. This water must bring with 
ita medium temperature of the surface, and the different 
strata of earth through which it has passed, which, if of 
less heat than that possessed by the earth at the bottom, 
will of course become heated to the same degree; it, 
therefore, is expanded, and, becoming specifically lighter, 
ascends to the surface, and is replaced by a colder portion 
from above. This, in its turn, becomes heated and dilated, 
and gives way to a second colder portion; and thus the 
process goes on as long as the fluid is capable of imbibing heat. 
Therefore, whether the thermometer is sunk to A, B, C, D, or E, 
in an old mine, it must be found ef an equable degree. 
_.M. de Mairan asserts, that the rigour of the cold of winter is 
tempered by the heat imparted to the atmosphere by the earth 
itself, which heat, probably possessed from its origin, is pre- 
served and renewed by the incessant influence of the sun, to 
which one half of its surface is constantly exposed. 

Admitting this fact, the temperature of the atmosphere must 
depend on the capacity of the earth for receiving and retaining 
heat, and for communicating it to the surrounding medium, 
But as the earth is composed of land and water, it should be 
considered that the capacities of these constituent parts, for 
teceiving heat are very different. Land, particularly when 
dry, receives heat from the sun’s rays very readily, but 
transmits it through its own substance to great depths very 
slowly ; and, on the other hand, water, by reason of its transpa- 
rency, receives heat very slowly, but diffuses what it receives 
more readily. 

Dr. Hales found, that in the month of August, 1724, when the 
air and the surface of the earth were both at 88°, a thermometer 
placed only two inches below the surface of the earth stood at 
85°; another, 16 inches under the surface, indicated 70°; anda 

lelolalw]> 
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third, 24 inches deep, stood at 68°. The last two thermometers 
preserved the same temperature, both day and night, till the end 
of the month, and then fell to 61°, the earth obstinately retaining 
its heat at that depth, though the temperature of the air fre- 
quently varied. On the 26th of October, a thermometer exposed 
to the air stood at 35°5°; but one sunk two inches below the 
surface was heated to 43°85°; another, at the depth of 16 
inches, stood at 48-8°; and another, 24 inches deep, showed 
50°; and from the Ist to the 12th of November, when the tem- 
erature of the external air was 27°, a thermometer placed at 

the depth of 24 inches, stood at 43-8°; but from the month of 
_ March to that of September in the following year, the external 

air was constantly warmer than the earth at the depth of 16 or 
24 inches. 

From these experiments, it may be inferred that the surface of 
the earth is much heated during summer, but that the heat 
descends very slowly, a great part of it being communicated to 
the air; that during the winter the earth gives out to the air 
the heat which it had received during the summer; and that 
wet summers are generally succeeded by cold winters. 

Marriotte’s experiments furnish nearly similar results to those 
of Dr. Hales. Hence it appears that at the distance of about 80 
or 90 feet below the surface, provided that there be a communi- 
cation with the external air, or at a less depth if there be no 
communication, the temperature of the earth admits of very 
little variation, and generally approaches to the mean annual 
heat. 

M. Van Swinden has observed, that the greatest cold, and 
even that which is below 0° of Fahr. if it lasts no more than a 
few days, penetrates no deeper than 20 inches, when the earth 
is covered with snow, and not above 10 inches, if no snow lies on 
the surface. 

Such facts tend to prove that the heat of the earth does not 
increase as we descend into it; but at the greatest depths, it is 
nearly the same as the mean annual temperature of the latitude. 

The following table of temperatures, taken by myself, will be 
convenient for a general reference, distinguishing the mines at 
work from those long since abandoned; and the medium in 
which the temperatures were taken: 
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Secondly, it is necessary to make a few remarks on what Mr. 
Fox-and Dr. Forbes have stated, trusting that those gentlemen 
will excuse the liberty which I have taken. 

In Mr. Fox’s tables, the irregular ratio of augmented tempera- 
ture is very conspicuous ; as it appears to be as hot at the depth 
of 600 feet in Chacewater mine, as it was in Dolcoath at the 
depth of 1440 feet, each being 82°. In the next place, it is as 
hot at 420 feet in the United Mines, as in Dolcoath at 1200 
feet; as hot in Chacewater at 480 as at 840 feet in Huel Damsel; 
as hot at 780 feet in Treskerby as at 1380 in Dolcoath, &c. &c.; 
and hotter in the United Mines at the depth of 1080 feet than in 
any other mine in the county. From this statement, it appears 
that the temperature of the earth in Chacewater increases 27° in 
540 feet in depth ; while Dolcoath is augmented only the same 
in 1380 feet; and the United Mines the same number of 
degrees in 1(80 feet, or exactly double the depth. These facts 
would induce me to look upon the progressive ratio of heat ina 
different light from those gentlemen. 

Mr. Fox and Dr. Forbes are at variance in opinion about fixing 
a limit as to the precise point below the surface, for the com- 
mencement of augmented temperature : an examination of an 
experiment or two will prove the confidence we may place in the 
conclusions of either. 

Mr. Fox commences at 50 feet, and Dr. Forbes at 200 feet, 
‘below the surface ; and from the extreme temperature observed 
in-our deepest mines, would deduct 6° for artificial and extra- 
neous causes of heat, thus reducing the actual degree at about 
1300 or 1400 feet from 72° to 74°; and after the ratio of 1° for 
every 50 feet, it would be at the depth of 1044 feet, 65°. Now 
reverse the order of calculation, and we shall find Mr. Fox to 
make it 691°, and Dr. Forbes, 664° for the same depth. This 
is the precise depth of the lowest of the three levels driven under 
Trenoweth from Crenver, the temperature of which is actually 
only 55°, although a spot not in the course of working, yet has 
a distant communication with the mine in general, and at a 
working spot on the same level, the temperature is but 65°, after 
being exposed to all the extraneous sources in common. 

Dr. Forbes remarks (and Mr. Fox in his last communication 
says the same), “hence it follows, that the natural temperature 
of the earth in the mines in Cornwall, at the depths mentioned, 
must be considerably above that of the mean of the climate. 
This conclusion is equally deducible from many facts which 
have been observed in mines. The most conclusive of these is 
the high temperature of extensive collections of water in aban- 
doned mines, or in parts of mines that have been long since 
abandoned. In cases of this kind, it is impossible to believe 
that the temperature can have been derived from any other 
source than the rocky walls of the cavity in which it is con- 
tained; and as these walls could not derive their temperature 
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from any foreign source, the conclusion is equally in favour of 
the natural high temperature of the body of this earth at certain 
depth.” | 

Will these gentlemen, I would ask, still maintain the same 
sentiments? If so, their theory must fall to the ground, as we 
can now clearly prove that these very collections of water possess 
even a less temperature than the supposed mean of the climate ; 
e.g. Huel Ann, and the third shaft in Herland ; one 130, and the 
other 160 fathoms in depth, Ding Dong, Huel Rose, Huel Fran- 
chise, Xc. i 

The only instances of importance, Dr. F. brings in support of 
this hypothesis, are the following : a large isolated collection of 
water in Botallack mine is stated to be 62° at the depth of about 
400 feet from the surface. Here it may be necessary to refer to 
his general description, and we find it is an old working full of 
water, 80 fathoms deep below the gallery at 400 feet, and is 
under the sea. The surface of this wateris 62°, while the air 
was 66°; the heat of this water at the bottom of the working is 
not given. He continues, “ a still stronger instance, perhaps, in 
support of the same conclusion, is afforded by the details of 
the other submarine mine Little Bonnds. This mine was 
formerly worked to the depth of 500 feet. Of late years, very 
little has been done, and the water has risen to within 40 . 
fathoms of the adit, where it is kept stationary by the partial 
operation of the pumps. There is thus a permanent body of 
water extending from the depth of 500 to that of 500 feet below 
the surface, and, perhaps, to half that distance horizontally. 
This water, as discharged by the pumps in 1822, is of the tem- 
perature of 564°.” Pray what has this to do with the tempera- 
ture of the central part or bottom of the collection? And yet 
Dr. F. in nearly the following page, states, that a large body of 
water resembling the last has accumulated in the old wrought 
part of Ding Dong mine; at the depth of 444 feet below the 
surface, the workmen had just cut through the barrier which 
divided them from this old working, and the stream of water 
which issued forth (and which was the bottom of the large col- 
lection), was only 521°, thus at once proving what is actually the 
case, that, as I before stated, it may be as cold at the very cen- 
tre of the earth as at any distance beneath its surface. 

In the next place, I do not conceive that their opinion can 
be supported, because Dr. Forbes’s philosophical reasoning on 
all the extraneous sources of caloric falls short of what is actually 
observed, and that we must attribute this extra portion as derived 
from the earth itself; for [ should imagine that there are few 
more difficult problems, than a true estimation of the power of 
the %nfinite sources of caloric in a mine in the full course of 
working. 

In making a few observations on the foregoing experiments, I 
must remark in the first place, that in mines which are at work 
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scarcely two places of equal depth below the surfacé, and under 
similar circumstances, exhibit the same temperature. As these 
differences and irregularities of temperature always oceur in 
mines which are at work, they must arise from adventitious 
causes. I am, therefore, of opinion, that the true temperature 
of any part of a mine in the full course of working is difficult of 
attainment, and that we must have recourse to those mines, and 
parts of mines, which have been long since quitted by the miner, 
in order to obtain any thing likea true datum. 

. The hot springs which frequently occur, while they prove the 
existence of causes sufficient to give them their high degree of 
temperature, prove, at the same time, by their rarity, the local 
and adventitious nature of those causes. 

I cannot conclude without stating, that I hope those gentle- 
men who have taken such an interest in the present inquiry, will 

“not lose sight of it, but avail themselves of every opportunity 
likely to develope this apparently mysterious subject ; andas we 
are in possession of the temperatures of Huel Ann, and the Her+ 
land mine, and which are to be immediately reworked, and of 
Huel Abraham, our deepest mine, which report says is about to 
be relinquished, I think a favourable opportunity will occur to 
reverse the nature of our present experiments, and thus afford 
by synthesis, as well as analysis, an accurate statement of 
facts. I am, Sir, your obedient servant, 

M. P. Moyte. 

ArTIcLE IV. 

On the State of Water and Aériform Matter in Cavities found in 
certain Crystals. By Sir Humphry Davy, Bart. PRS.* 

THERE are few inquiries in natural science more calculated to 
awaken our curiosity, than those relating to the changes which 
the matter composing the surface of our globe has undergone. 
The imagination is excited by the magnitude of the operations 
by the obscurity of the phenomena, and the remoteness of the 
time at which they occurred ; and all the intellectual powers are 
required to be brought into activity to find facts or analogies, or 
to stitute experiments, by which they may be referred to known 
causes. 

The crystallizations constituting the whole of the rocks which 
are usually called primary, and those found in such abundance, 
even in the rocks which are termed secondary, prove that a 
considerable part of the materials of the surface of the globe 

* From the Philosophical Transactions for 1822. Part IT. 
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must have been either fluid or aeriform ; for these are the only 
states from which the regular arrangements of the molecules of 
bodies constituting crystals, can be produced. 

Geologists are generally agreed that the greater number of the 
crystalline mineral substances must have been previously ina 
liquid state; but different’ schools have supposed different 
causes for their solution; some attributing this effect principally 
tothe agency of water, others to that of heat. 

When, however, it is considered, that the solvent power of 
water depends upon its temperature, and its deposition of svlid 
matters upon its change of state or of temperature ; and that 
being a gravitating substance, the same quantity must always 
belong to the globe, it becomes difficult to allow much weight to 
the arguments of the Wernerians or Neptunists, who have gene- 
rally neglected, in their speculations, the laws of chemical 
attraction. 

There are many circumstances, on the contrary, favourable to 
that part of the views of the Huttonians or Plutonists, relating to 
the cause of crystallization ; such as the form of the earth, that 
of an oblate spheroid flattened at the poles; the facility with 
which heat, bemg a radiating substance, may be lost and dissi- 
pated in free space ; and the observations which seem to show 
the present existence of a high temperature in the interior of the 
globe. 

I have often, in the course of my chemical researches, looked 
for facts or experiments, which might throw some light on this 
interesting subject, but without success, till about three years 
ago; when, in considering the state of the fluid and aeriform 
matters included in certain crystals, it appeared to me, that 
these curious phenomena might be examined in a manner to 
afford some important arguments as to the causes of the forma- 
tion of the crystal. 

It is well known that water, and all fluids at usual tempera- 
tures, are more expansible by heat than siliceous or other earthy 
matters ; and supposing these crystals to have been formed, and 
the water or fluid enclosed in them, at a pressure and tempera- 
ture not very unlike those of our existing atmosphere, this fluid 
ought to fill nearly the same space as when included, and the 
elastic fluid confined with it, supposing it non-absorbable, ought 
to be in the same state of density. On the contrary, if the 
earthy matter and the fluid separated from each other under a 
much higher temperature than that now belonging to the sur- 
face, a certain vacuum might be expected in the cavity from the 
contraction of the fluid, and if any gas were present, a consider- 
able rarefaction of it; and though, supposing a much higher 
temperature on the surface of the globe, the atmosphere formed 
by aqueous vapour must have had much greater absolute weight, 
which, as liquids are compressible, must have influenced the 
volume of fhe fluid at the time it was enclosed, a circumstanee 
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which would render it impossible to draw any conclusion as to 
the exact temperature, yet still the experiments appeared to 
offer, on any view, interesting results; and I was the more 
desirous of performing them, as I believe the nature of tle fluid 
and aeriform matters included in rock crystals and other silice- 
ous stones, has never been accurately ascertained. 

Having purchased some crystals, and having had others com- 
mitted to my care by the liberality of my Brother Trustees of the 
British Museum, and of my friend Prof. Buckland, I proceeded 
to make the necessary experiments upon them. It will be 
improper for me to take up the time of the Society by a minute 
description of my manipulations.. Holes were drilled in the 
crystals by the use of diamonds, generally by Mr. Newman, 
under distilled water, or mercury, the gas was expelled by the 
introduction of wires, and the fluids included in the. cavities 
were drawn out by means of fine capillary tubes, and experi- 
ments were afterwards made to determine the space they occu- 
pied, which had been accurately measured and marked upon 
the crystal. The chemical nature of the fluid and gas was 
determined by processes which were necessarily difficult from 
the smallness of the quantities operated upon; but which are 
too well known to the chemical philosophers of this Society to 
need description. 

The first three crystals that I examined were from Schemnitz, 
in Hungary ; the cavities that they contained were proved not to 
be permeable to the atmosphere, by exposure to rarefied air, 
alone, and under water, in the receiver of an air-pump, a cir- 
cumstance which it was necessary always to attend to, in order 
to render the experiment availing. 

A cavity in one of the crystals was pierced under oil, three 
under distilled water, and one under mercury. In all of them 
the fluid rushed in when the cavity was opened, and the globule 
of elastic fluid contracted so as to appear from six to ten times 
Jess than before the experiment. ‘The fluid in all the crystals 
(in two it was minutely examined) was found to be water nearly 
ure, containing only a miuute portion of the alkaline sulphates. 
he elastic fluid, as well as 1 could ascertain from the very 

minute quantities { could procure, appeared to be azote, unmixed 
with any other substance. 

The largest cavity, which was in the crystal put into my hands 
by Prof. Buckland, contained a space equal to 74°5 grains of 
‘mercury ; the water in it equalled in volume 48-1 grain mea- 
sures of mercury ; and the globule of air, after the experiment, 
equalled in diameter a globule of mercury weighing 4:2 grains, 
so that the elastic fluid had contracted at least between six and 
seven times. 

In the other experiments, the cavities being much smaller the 
quantities of air and fluid could not be accurately measured ; but 

ere seemed to be nearly the same relation between the space 
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filled by fluid, and that containing aeriform matter ; and in all 
of them the contraction of the globule of aeriform matter was 
evidently greater, and in one instance to less than 1-10th of its 
original bulk. 

The fourth crystal that I experimented upon was of unknown 
locality; but I have reason to believe that it was from Gua- 
naxuato, in Mexico, as it strongly resembled some that Mr. 
Heuland showed me from that place. The cavity in it was 
extremely small, and when pierced into, under distilled water, 

the globule of gas, from being one-eighth of an inch in diameter,* 
diminished so as to be less than 1-25th ; so that its rarefaction 
was much greater in this than in the other instances ; the water 
was too small in quantity to be minutely examined ; it seemed to 
be nearly pure, producing a cloudiness barely perceptible in 
solutions of nitrate of silver and muriate of baryta. 

It was an interesting point to ascertain whether the same 
circumstances occurred in productions found in rocks which 
have been generally considered as of igneous origin, such as the 
basaltic rocks in the neighbourhood of Vicenza, the chaleedo- 
nies of which so often afford included water. I found it much 
more easy to make experiments of this’ kind, and to procure 
specimens, which were abundantly supplied to me from the same 
sources as those I have just referred to; and.though some of 
these specimens proved to be permeable to the atmosphere, and 
to have been filled with water artificially, yet many occurred, in 
which the sides of the cavity were absolutely impervious to air 
or water. 

The results that I obtained were very analogous. Water con+ 
taining very minute quantities of saline impregnations, occa~ 
sioning barely a visible cloudiness in solutions of silver and of 
muriate of baryta, was found to be the fluid; the gas was azote, 
but it was in a much more rarefied state than in the rock crys- 
tals, being between 60 and 70 times as rare as atmospheric air. 

The quantity of water was to the void space in greater propor- 
tion than in the rock crystals. In the instance in which the 
most accurate experiment was made; namely, on the great spe- 
cimen preserved in the collection of the British Museum, and 
which weighed 380 grains, the quantity of water was 29:9 grains, 
the space occupied by aeriform matter was equal to 11-7 grains 
of water, the volume of the globule of gas at the common pres- 
sure was to that of its rarefied volume as | to 63. 

It occurred to me that atmospheric air might have been origi- 
nally the elastic fluid included in these siliceous stones and in the 
crystals, and that the oxygen might have been separated from 
the azote by the attraction of the water, and a direct experiment 

* Thave not thought it necessary to refer to the heights of the barometer and ther- 
mometer in these experiments, as it is impossible to gain any other than general 
results, upon quantities in which differences arising from atmospheric temperature and 
pressure, would be quite unappreciable, vt ” 
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seemed to confirm this idea. A chalcedony which had been 
bored was placed in water free from air under a receiver, which 
was exhausted till a portion of gas from the interior of the crys- 
tal had escaped into a proper receptacle. This gas examined 
by nitrous gas was found to contain nearly as much oxygen as 
atmospheric air; so that there is every reason to believe that 
the water had emitted oxygen during the exhaustion. 

I endeavoured to find some calcareous secondary rocks, or 
crystals belonging to them, containing cavities, on which expe- 
riments of the same kind might be made; but in a number of 
trials, | have as yet found none impermeable to the atmosphere; 
and the cavities of such, when bored, are always found to con- 
tain atmospheric air in a common state of density. 

I was surprised to find that this was the case even with cavi- 
ties in calcareous spar in the centre of a limestone rock ; yet 
these cavities which contained atmospheric air did not fill with 
water when the stone was placed in water under an exhausted 
receiver. When, however, it was dry, and placed in a receiver 
alternately exhausted and filled with hydrogen, the air that was 
produced by piercing the cavities, was found mixed with hydro- 
gen; proving that the substance of the stone was permeable to. 
elastic fluid. . 

I hope soon to be able to make further researches on this 
subject ; but in reasoning upon the vacuum, or rarefied state of 
the aeriform matter in the cavities of these rock crystals and 
chalcedonies, it appears difficult to account for the phenomenon, 
except on the supposition of their being formed at a higher tem- 
perature than that now belonging to the surface of the globe; 
and the most probable supposition seems to be, that the water 
and the silica were in chemical union, and separated from each 
other by cooling. 

Water in the temperature of the arctic winter is constantly a 
erystallizedbody. As a fluid, its solvent powers are increased as 
its heat becomes higher, and, when elastic, the density of its 
vapour is exalted in proportion to its heat ; so that an atmosphere 
of steam, supplied from an indefinite source above water, would 
render it capable of receiving a very high degree of heat. Lime 
retains water in combination at a eae above 250° Fahrenheit ; 
baryta retains it (even under ordinary pressures) at a strong red 
heat, and fuses with it. It is extremely likely that a liquid 
hydrate of silica would exist, under pressure, at high tempera- 
tures ; and like all liquid bodies in the atmosphere, would pro- 
bably contain small quantities of atmospheric air; and such a 
supposition only is necessary to account for the phenomena pre- 
sented by the water in rock crystal and chalcedony. 

As, however, steam or aqueous vapour may be considered as 
having a share in these results, if it be supposed included in the 
cavity, no exact conclusions can be drawn from the apparent 
degree of contraction of the water ; particularly as the late inge- 
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nious researches of Mr. Perkins show, that water is much more 

compressible than was formerly imagined; and the volume of 
water, however high its temperature, must be influenced by the 

pressure to which it is exposed ; so that a certain compressing 

weight may not only impede, but altogether counteract, the 

expansive force of heat. : 

Many speculations might be indulged in on this subject, but I 

shall not at present enter upon them; and I shall conclude by 

observing, that a fact, which has been considered by the Neptu- 

nists, above all others as hostile to the idea of the igneous origin 

_of crystalline rocks, namely, the existence of water in them, 

seems to afford a decisive argument in favour of the opinion it 
has been brought forward to oppose. 

TT 

APPENDIX. 

Since the foregoing pages were communicated to the Royal 
Society, I have made some new experiments on the same sub- 

ject; all of them, except two, offered results of the same kind 

as those | have detailed, and upon such I shall not enter; but 
these two, from their peculiarity, will not, I trust, be thought 
unworthy of a particular notice. 

In examining, with Mr, Heuland, the beautiful specimens of 
rock crystals in the collection of Charles Hampden Tumer, Esq. 
I observed one crystal which, Mr. Heuland informed me, was 

from La Gardette, in Dauphine, that contained a considerable 
cavity, in which there was a viscid brownish hquid, resembling 
in its appearance and consistence linseed oil. As the void space 
or cavity filled with aeriform matter appeared considerable in 
proportion to the fluid, | expressed a desire to pierce the crystal; 

-and Mr. Turner, hearing of my wish, was so kind as to gratify it 
in the most polite and liberal manner, by presenting to me the 
specimen. With Mr. Newman’s assistance I made the usual 
experiments upon it. The cavity was pyramidal, and nearly the 
third of an inch in diameter. | soon ascertained that the fluid 
was not water, as itcongealed and became opaque at a temper- 
ature of 56°. When the crystal was pierced under distilled 
water, the water rushed in and entirely filled the cavity, so that 
no other aeriforin matter but the vapour of the substance could 
have been present : the water was rendered white and cloudy, 
apparently by the substanee, I endeavoured to collect some of 
it for chemical examination, but it was too small in quantity (not 
equalling in volume one-sixth of the volume of the cavity), to be 
submitted to analysis. It swam on the water, had no distinct 
taste, but a smell resembling naphtha; a portion of it taken out 
mixed with the water, when exposed to heat acted like fixed oil, 
and it seemed to have a high temperature of ebullition. It 
inflamed, producing a white smoke. 

The fact, of almost a perfect vacuum existing in a cavity con- 
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taining an expansible but difficultly volatile substance; may be: 
considered as highly favourable to the theory of the igneous 
origin of crystals: the other experiment is of a nature entirely: 
different, though its result may be explained in the same suppo- 
sition. 

In examining a crystal in the collection of the Royal Institu- 
tion, and which from its characters I believe to be from Capaé 
d’Oijanda, Province of Minas Geraes, Brazil, I observed that the 
quautity of aeriform matter was unusually small in proportion to 
the quantity of fluid, in two or three cavities not occupying one- 
tenth or one-twelfth of the space; and from the peculiarity of 
its motion, it appeared to be more likely to be compressed than 
rarefied elastic fluid ; and in piercing the sides of the cavities, I 
found that this was the case; it enlarged in volume from ten to 
twelve times ; the fluid was water, but the gas was too minute: 
in quantity to be examined. 

it will be interesting to ascertain under what circumstances, 
and in what situations, crystals of this kind are found. If they 
be supposed of igneous origin, they must have been formed 
under an immense weight of atmosphere or fluid, sufficient to 
produce a compression much more than adequate to compensate’ 
for the expansive effects of heat, a supposition which, in conse- 
quence of Mr. Perkins’s experiments, already alluded to, may be 
easily formed. . 

ARTICLE VY. 

On Grey Whin. By N. J. Winch, Esq. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, , Neweastle-tipon=Tyne, Dec. 18, 1822. 

Tuovucn | believe it to be generally known to such of your 
readers as have paid attention to the geology of Britain, that the 
workmen engaged in the collieries and quarries of the north of 
England and Scotland apply the term whi not only to basalt or 
greenstone, but to most other species of hard stone, yet lam not 
aware that a peculiar rock called by them grey whin has ever 
attracted particular notice. The rock constituting the stratum, 
or possibly strata in question, consists of minute grains of hair- 
brown compact felspar or clinkstone, with a few spangles of 
silvery mica scattered through it. From the close cohesion of 
its small particles, it might. be mistaken at first sight for clink- 
stone, strongly resembling the well-known rock of Lamlash, but 
by a lens, the granular texture is detected, and the difference 
between them easily proved. Owing to this compact texture, 

New Series, vox. v, E 
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and the nature of its component parts, it is both heavy and 
tough, requiring a smart blow ofthe hammer to break it. Before 
the blowpipe, it fuses without much difficulty, into a pale-brown 
glass ; it is not magnetic like basalt. At St. Anthon’s colliery 
(see Geological Transactions, vol. iv. p. 41), the bed lies nearly 
104 fathoms from the surface of the earth, and is a foot in 
thickness ; its situation is between a stratum of strong white 
post (sandstone) seven feet thick, and a stratum of blue metal 
(shale, slate clay) eight and a half feet thick. In Walbottle 
Dene, five miles west of Newcastle, a similar stratum creeps out 
by the edge of the brook; but its thickness or relative pusition 
cannot there beso accurately ascertained as at St. Anthony’s, where 
a shaft has been sunk through it. Whether this be a continua- 
tion of the same bed, I cannot determine; but the high main coal 
cropping out at Benwell Hills, two miles to the east of Walbottle, 
and this bed lying 29 fathoms below that seam, I am inclined to 
consider them one and the same, notwithstanding the stone is finer 
grained at the latter place ; for ali our coal strata rise to the clay 
in succession towards the west and south-west. 

It is by no means improbable that similar beds may be known 
to exist in other districts; but never having heard of a stratum 
of compact felspar and mica, as a member of a coal formation, 
you will oblige me by giving publicity to this short notice through 
the medium of your journal. 

I have the honour to be, Sir, 
Your most obedient servant, 

N.J. Wincn. 

ArtTicLe VI. 

Queries on the Plumbago formed in Coal Gas Retorts. 
By the Rev. J. J. Conybeare, MGS. 

(To the Editor of the Annals of Philosophy.) 

MY DEAR SIR, Bath Easton, Dec. 15, 1822, 
_ Tue very general use of coal gas, and the degree of scientific 
information mostly to be found in those connected with its manu- 
facture, render it probable that for many persons the remarks 
which I am about to offer will possess but little of novelty. As, 
however, I am not aware that this subject has yet been noticed 
in any periodical or other publication, | venture to intrude them 
on the notice of your readers, rather indeed in the hope of 
obtaining further information from those who are more compe- 
tent than myself, than of adding much to the public stock. — 
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The cast-iron retorts used in the Bath gas works, being, on 
an average, somewhat less than one inch and a quarter in thick- 
ness, are burned through, as it is technically termed, in the part 
exposed to the greatest heat, in about 1S months. After this 
they are of course no longer serviceable. This destruction -is 
‘effected by the progressive oxidation and scaling off of the 
metal. The scales consist chiefly of peroxide of iron, and the 
powder which they afford by grinding and washing might be 
applied to any of the purposes for which the crocus martis is in 
request. It is observable that the portion of cast-iron which 
remains unoxidated in the parts exposed to a strong heat is 
found to present, on being broken, a texture much more highly 
crystalline than that of the portion further removed from the 
action of fire.* Is this simple development, or is it to be 
ascribed to that mysterious re-arrangement of particles which 
in some other cases appears to take place at a heat short of 
actual fusion ? 

The unserviceable retorts on being withdrawn from their beds 
are found lined with a coating of plumbago averaging the thick- 
ness of four inches. This coating is thickest towards the bot- 
tom of the retort, nearer to its mouth it becomes scantier and 
more intermixed with coaly and fuliginous matter. The general 
aspect of the predominant variety may be thus described: 
Colour, iron-grey, somewhat lighter than that. of native plum- 

-bago; texture, scaly; structure, mammuillated, usually in very 
close aggregation ; some specimens exhibit this structure on 
the larger scale ;. generally it is discoverable only by the use of 
the lens ; hardness, somewhat variable, but always greater than 
that of the best native plumbago; scratches gypsum, but is 
scratched by calc-spar; /usére of the exterior surface (especially 
where the mammillated structure is distinct), sometimes very 
considerable : dustre ofthe fracture usually but small: the powder 
uniformly resembles that of common plumbago, excepting that 
it is somewhat less brilliant. 

In another variety, the structure of the mass is stalactitic, and 
its texture, where broken, perfectly compact and uniform; even 
under the lens, this variety closely resembles some of the stalac- 
titic grey ores of manganese, and occasionally exhibits on the 
surface a considerable degree of iridescence. The mass for the 
greater part gives evidence of its gradual formation, by its slaty 
aspect, and tendency to break with greater readmess in the 
direction of what may be termed its strata. In many parts, it is 
rifty, and the rifts are usually coated with a brilliant deposition 
of a lighter colour than the general mass. Fragments projected 

* For this observation, as well as for most of the facts contained in this letter, I am 
indebted to the kindness of Mr. Eastwick, the intelligent and obliging superintendent of 
the Bath Gas Works. 

E2 
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on nitre deflagrate, but not rapidly, leaving after combustion 
traces of iron. Some rude experiments gave me reason to think, 
that the quantity of iron varied in different specimens, and that 
it scarcely amounted, at the most, to the nie per cent. stated 
by Berthollet to exist-in native graphite. That the substance 
in question is a true artificial plumbago admits, I apprehend, of 
no doubt. It must be formed plentifully in many other gas 
works besides those of Bath, and must, therefore, in all probabi- 
lity have attracted the notice of persons far better able to inquire 
into its production and properties than myself. In our works it 
has not yet been converted to any useful purpose. In writing or 
drawing, its hardness and general want of compactness render 
it in its crude state altogether unserviceable. When finely pow- 
dered and washed, it might be used in composition pencils. For 
the domestic uses to which plumbago is applied in coating 
grates, &c. I have found it to answer sufficiently well; but it is 
objected by the savantes in housewifery, that it has not a suffi- 
cient /ustve, and would, therefore, I suppose, be seldom used by 
them; but where preservation only, and not ornament, was the 
object,* I have been informed that it has been applied with suc- 
cess to the purpose of covering razor strops. For that of dimi- 
nishing friction, and for the manufactory of crucibles, furnaces, 
&c. it would, I should apprehend, answer sufficiently well, for the 
latter especially. It appears from a paragraph in the article 
Coinage (Supplement to Encyclopedia Britannica), that the blue 
pots used in the mint are all of foreign manufactory, those 
made in this country containing ¢00 smal/ an admixture of black 
lead. Is this to be attributed to the scarceness of that material, 
or to the want of sufficient tenacity in the English clay with 
which it is worked up, rendering its addition beyond a certain 
point impracticable ? . 

But whether this substance prove useful or worthless in an eco- 
nomical view, its occurrence cannot fail to strike the more spe- 
culative inquirer as adding one more to the many instances in 
which the unintentional products of art have been found to 
resemble those of nature, and as contributing, remotely at least, 
to throw fresh light upon one of the most controverted points of 
geological theory. Plumbago is well known to be among the 
most znfusible of mineral substances. Now in the present cases, 
if not the whole of its mass, at least all those portions in which 
the mammillated structure is discernible, and vet more its stalae- 
titic form, must have been brought to a state of fusion by a heat 
inferior to that at which cast-iron begins to run. Will this be 

* I know not at what price it might be rendered, but as its production is matter of 
necessity, and it is at present considered as useless, the charge could scarcely be high. 
The retail price of the black lead of the shops is 2s; per Ib. and it is said to be much 
adulterated by the admixture of a micaceous hematite obtained near Bovey Tracey 
(C. Devon), which must be injurious to its preservative qualities, 
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the better accounted for by the long duration of the heat, or by 
assuming that this compound, like some others, is more fusible 
at the moment when its constituents first enter into chemical 
union. Should it be apprehended that no actual fusion whatso- 
ever has taken place, the formation and consolidation of the sub- 
stance by heat without fusion will still furnish the vulcanist 
with a new point of analogy. 

Believe me, my dear Sir, very truly yours, 
J.J. CONYBEARE, 

’ P.S. The character of some portions of this plumbago has 
struck me as not unlike that ascribed to the points of charcoal 
altered and fused by voltaic electricity, in some late American 
experiments. 

Articie VII. 

On the Compressibility of Water. By Prof. Oersted.* 

Pror. OERsTED, several years since, laid before the Royal 
Society of Copenhagen some experiments on the compression of 
water, and showed at that time that this might be effected by a 
much smaller power than is generally supposed, provided the 
instrument was constructed according to the well-known prin- 
ciple, that a pressure acting upon a small surface of an enclosed 
liquid had the same effect as a power equally great, acting 
upon each similar part of the whole surface. For the compres- 
sion of water he made use of a large cylinder of brass upon which 
‘one smaller was screwed, furnished with a well-fitted piston. He 

was, therefore, able to show the compression of water by a small 
pare, quite as well as Abich and Zimmermann had done by many 

undred pounds weight. To measure the power, a tube full of 
‘air, which was confined by mercury, was used, by which contri- 

vance, of course, the air underwent the same pressure asthe water 

from which it was separated by the mercury. According to the 
principle, that the compression of the air is in proportion to the 
pressing power, it was easy to calculate this power. But notwith- 
standing the great strength of the brass cylinder in which the water 
was compressed, it was possible that it might have given way, so 

that not only the compression of the water might have been mea- 

sured, butaresult obtained, in which the flexibility ofthe instrument 

* Extracted from a memoir read before the Royal Society of Copenhagen, 1822. 
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was included. In the first experiment of M. Oersted, as well as 
in all those of former philosophers, Canton only excepted, any 
change of temperature, which might have happened during the 
experiment, had not been taken into consideration, which, how- 
ever, in several respects was necessary, as it might even be sup- 
posed that heat was produced by the very compression. The 
excellent experiments of Canton, which, in later times, have 
been almost forgotten, were made with the pressure of condensed 
and rarified air. . But every condensation or expansion of air is 
accompanied with an adequate elevation or diminution of tem- 
perature ; it was, therefore, to be feared, that this ingenious phi- 
losopher had been deceived by this influence. He found the 
compression of water, at a pressure, equal to that of our atmo- 
sphere, to be between +54¢5o5 and +5;42553 of the bulk of the 
water. The experiments of Canton possessed a great advantage 
over all which have recently been made, viz. that the vessel which 
contains the liquid to be compressed undergoes the same pres- 
sure both internally and externally ; so that neither its form nor 
its size can be altered. Within a few years, Mr. Perkins, the 
ingenious inventor of the siderographia, has made some experi- 
ments, which have the same advantage as those of Canton; he 
included the tube of metal in which the water was to be com- 
pressed, in water which was exposed to the same pressure. His 
ingeniously contrived experiments will always be of considerable 
importance, because he has made them with a power’ which a 
philosopher seldom ‘has at his disposal, viz. a pressure several 
hundred times exceeding that of our atmosphere. It was not, 
however, his intention to ascertain by these experiments, whether 
heat was produced by the compression of water, and what 
influence it had upon the result. Prof. Oersted endeavoured, 
therefore, to contrive an instrument which allowed an exact 
measurement of the compressing power, as well as of the com- 
pression of the water itself, and which at the same timé made it 
easy, exactly to ascertain the influence which heat might have 
on the effect. The water which is to be compressed is included 
ina glass tube, a, which holds about two ounces of water: it is 
closed below, and its upper part terminates in a capillary tube, bc, 
52 French lines long, and of even bore, so that the vessel is like 
a flask, the neck of which is a long capillary tube. On the 
upper end of this tube is a small funnel two lines wide. The 
flask holds 709°48 grammes of mercury, but the mercury which 
fills 24-6 lines of the capillary whe weighs only 96 milligrammes, 
which gives +,55,9555 for the length of a line, or, to be more 
exact, 0000005501 of the contents of the flask. When the 
experiment is to be made, the flask is warmed a little by being 
kept for a moment in the hand; if possible the temperature 
must not rise above 1° centigrade. Then a drop of mercury is 
introduced into the funnel, which, while the water in the flask is 
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cooling, will partly sink 
into the capillary tube f, 
as deep as the mark g, 
and separate the water in 
the flask from that in the 
outer yessel. This flask 
is now placed into a strong 
cylinder of glass A BC D, 
upon which another smal- 
lercylinder of brass EFGH 
is fixed. A piston con- 
nected with a screw F is 
moveable in this upper cy- 
linder. If a pressure by 
means of this piston be 
exerted upon the water 
in the glass cylinder, this 
will press upon the mer- 
-cury, and thus upon the 
water in the flask. As 
‘soon as the water in the 
flask is compressed, the 
‘mercury in the capillary 
tube will sink; and the 
least pressure produces 
that effect. To mea- 
sure the compression, 
the author fastens the 
flask in a cylinder of lead 
d, which bears a scale on 
which one-fourth part of a 
French line is marked, and 
a small glass tube, e f, 
filled with air, evenly 
bored, serves to ‘mea- 
sure the compressing. 
power by the compression of the air. All changes of temperature 

_are easily perceived on the narrow neck of the flask much more 
accurately than on any thermometer ; for an increase of temper- 
ature amounting to one degree (centigrade) makes the water rise 
27 lines, its temperature supposed to be about 15°. If the tem- 
perature is considerably higher or lower, the changes of course 
will be either greater or smaller. The scale being divided into 
one-fourth part of a line, and one-eighth being easily perceived 
by the eye, it is evident that =1,,° cannot escape observation, 
and that 1, is by no means difficult to observe. It is scarcely 
necessary to add, that the temperature of the liquid is to be 
ascertained by a thermometer, at the beginning of the expe- 
riment. If the experiment be made quickly, and no per- 
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sons present beside the observer, the difference in the height 
of the mercury before and after the experiment will generally 
one-eighth of a line; frequently, however, one-fourth. In the 
first case, it announces a change of temperature amounting to 
not quite =1.°, in the second to hardly =4,°. If the expe- 
riment be performed slowly, the difference may be one-half, and 
even one line. In every case the mean height between these 
two observations is tobe taken. By a long series of experiments, 
of which the most accurate were made at atemperature of 15—16°, 
a pressure equal to one atmosphere has produced a com- 

pression = 0:000047 of the original bulk of the compressed 
water. Several alterations on the pressure, from one-third to 
five atmospheres, were tried, and agreed in proving, that the 
compression is in direct proportion to the compressing power. 
The same result had been deduced by the author from his 

former experiments, which, however, were influenced by the 

giving way of the metallic vessel; the expansion of which must 

hkewise be in proportion to the pressing power. 
It seems pretty evident that no heat is produced by this con- 

densation of the water,‘the limit between mercury and water 
being, after the experiment, on the same place as before; the 

insignificant elevation of temperature must be considered as a 
necessary result of the contact of the observer during the 

experiment. yen after a pressure of five atmospheres, the 

difference of temperature was not quite ;1,°, and in general 

neither greater nor less than that, if only a pressure of one atmo- 

sphere had been used. It was, however, possible, that the expan- 

sion of the water when the pressure had ceased, would absorb 

the heat produced before by the compression; therefore a 

thermometer of Breguet, on which a difference of 5th of a 

degree may easily be perceived, was placed in the water in the 

large cylinder, and exposed to the greatest compression which 

could be procured, but not the least trace of any change in the 

temperature was observable. The manner in which these expe- 

riments of Prof. Oersted agree with those of Canton is really 

interesting. The English philosopher had at 64° Fahr. = 153° 

centigrade, a compression of +744;50 by ® pressure equal to one 

atmosphere, and at 34° Fahr. = 1,',° centigrade, it was +y7'y's07- 

This rather unexpected result may easily be explained by small 

differences in the temperature, but it does not, on either side, 

deviate much from the result Prof, Oersted obtained, wnich was 
7 

JToo0o0000 
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ArticLe VIII. 

Astronomical Observations, 1822. 
By Col. Beaufoy, FRS. 

Bushey Heath, near Stanmore. 

Latitude 51° 37’ 44°3” North, Longitude West in time 1’ 20:93”, 

Noy. 21. Immersion of Jupiter’s ae 16h J4’ 49” Mean Time at Bushey. 
; J Gide noe Ae SAanennee 16 16 10 Mean Time at Greenwich. 

Noy, 23. Immersion of Jupiter’s first § 10 43 19 Mean Time at Bushey. 
Rt IEO a0 sinis.claia vies «g.s'ste/ainitie 10 44 AO Mean Time at Greenwich. 

Noy. 25. Emersion of Jupiter’s first ; 7 21 20 Mean Time at Bushey. 
SPP AGE levers aiele' = EP alaisls)slpinie's 7 22 Al Mean Time at Greenwich. 

Noy. 27. Emersion of Jupiter’s second 9 50 15 Mean Time at Bushey. 
RAE SIAEC SS ora cere sale oe latayclalate = 9 51 36 Mean Time at Greenwich. 

Noy. 29. Immersion of Jupiter’s third 
satellite. * 

Dec. 7. Emersion of Jupiter’s first § 16 41 20 Mean Time at Bushey. 
RALEIINE: Spiers oneness a 16 42 41 Mean Time at Greenwich. 

Dec, 11, Emersion of Jupiter’s second ¢ 15 O4 00 Mean Time at Bushey. 
satellite ,..,2+-+00- Sgiainiate' =. ; 15 05. 21 Mean Time at Greenwich. 

ArTICLE IX, 

Analysis of Uranite'from Cornwall. 
By. Richard Phillips, FRS. L. & E. &c. 

Tuis mineral has been found in several of the Cornish mines ; 
the crystals are sometimes of a yellow colour, more especially 
those which occur in Tin Croft copper mine, near Redruth ; 
while in Gunnis Lake copper mine, at the eastern extremity of 
the county, it is met with of a beautiful deep-green colour. 

The primary crystal of this substance is a right square prism, 
and there is no difference in this respect between the yellow and 
ereen crystals; the modifications of this form, with their 
varieties, have been described by my brother (Mr, W. Phil- 
lips), in the third volume of the Geological Transactions. 

Both varieties of uranite have been subjected to chemical 
examination by the late Rev, Mr. Gregor. With respect to the 
yellow crystals, he states (Phil. Trans. 1805), that beside oxide 
of uranium, they contain some lime, silica, and oxide of lead ; 
and, he observes, that ‘‘the green crystals differ in no respect 

* According to the Nautical Almanac, the immersion of this satellite should haye 
taken place at 17> 26’ 56’; but although I placed the telescope at 17h 09' 29”, the 
eclipse had previously occurred. 
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from the yellow, except in containing a little of the oxide of 

copper.” This opinion is confirmed by the identity of the 
crystalline form already noticed; Mr. Gregor states, however, 
that he had not a sufficient quantity of the crystals to allow of 
subjecting them toa rigorous examination. Since this period, 

Mr. Gregor has given an analysis of the green crystals in the 
fifth volume of the Annals, according to which they consist of 

Oxide of uranium, with a trace of oxide of lead.. 74: 
Oxide of copper. ...+.-. i abiavola praise opiate pioacnstete 8:2 
DNGALRE set a Sie nies ojeea tin ei? see eildiciala haat = wi epsiggee 
LOSS... 5,0, 2.0 sits fae iss & BR otis alee 9ieiare: alcretoy ap aigtahal mam 

100-0 

M. Berzelius, inhis Nouveau Systeme Mineralogique, has given 
an analysis of the uranite of Autun: he says, “I have found that 
this mineral is a compound of oxide of uranium, with lime and 
water; in fact, that it is a true salt with a base of lime in which 
the oxide acts asan acid.” He further states, that the oxygen 
of the uranium is three times, and that of the water six times, 
the oxygen of the lime; there is, however, he observes, a slight 
excess of oxide of uranium and of water. The results of this 
analysis are thus stated : } 

ER eth, Sok a, acon tb Boe a his arms Woatake 6°87 
Oxide of uranium. sccvirss bs ccas sete ko 
RV EROT 2. ay" hae salts stoeiete Pe I Be 15°70 
Oxide ot sls wierd viuiede. Saaemae 0°75 
Silica, magnesia, oxide of manganese. 0°80 
MEP iis ia me aicio esd S acoino'e ines siouce Cee 

“The same mineral,” continues Berzelius, ‘‘is met with in 
Cornwall, but it is of a very fine deep-green colour; this colour 
is owing to the presence of a certain quantity of arseniate of 
copper, which is an accidental admixture. When this uranite 
is treated with soda by the blowpipe, it gives white metallic 
globules, composed of arseniuret of copper.” 

With the intention of procuring some peroxide of uranium, I 
dissolved a quantity ot the green uranite in nitric acid ; the 
oxide of uranium was precipitated by ammonia, and the oxide 
of copper dissolved by excess of it. In order to free the oxide of 
uranium from any arsenic acid which it might contain, I boiled 
the precipitate in a solution of potash; on adding a portion of the 
filtered solution to nitrate of silver, an abundant yellow preci- 
pitate was formed, which had the appearance of arsenite of 
silver; but as arsenious acid does not, ie believe, exist in nature 
combined with any metallic oxide, and as. also the mineral in 
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question had been dissolved in nitric acid, it was evident that 
the yellow precipitate could not be arsenite of silver, 

As phosphoric acid is well known to afford ayellow precipitate 
with oxide of silver, I suspected the presence of this acid, and 
I found that the alkaline solution gave a blue precipitate with 
sulphate of copper; and when it was saturated with an acid, 
mixed with ammonia and muriate of magnesia, the well-known 
minute crystals of phosphate of ammonia and magnesia were 
formed. 

Under these circumstances, it appeared to me worth while to 
subject the uranite to another analysis, and I proceeded as 
follows: 

One hundred grains of the green uranite of Cornwall were dis- 
‘solved in dilute nitric acid; half a grain of silica remained 
undissolved. In attempting to saturate the solution previously 
to adding nitrate of lead for the separation of the phosphoric 
acid, I found that precipitation occurred long before sufficient 
potash had been added. As this free nitric acid would dissolve 
the phosphate of lead formed, I decomposed the nitric solution 
by boiling it with excess of potash, and then having added 
-excess of acetic acid to the alkaline solution, nitrate of lead gave 
an abundant precipitate of phosphate. I prefer acetic acid for 
this purpose to nitric, because as acetic acid has scarcely any 
action upon phosphate of lead, it is not requisite to take the 
trouble of avoiding slight supersaturation. 

The phosphate of lead thus obtained, after washing and dry- 
ing, weighed 80 grains, equivalent, according to Dr. Thomson, 
to 16 grains of phosphoric acid ; the oxides. of uranium and 
copper were redissolved in nitric acid, and the solution being 
added to ammonia, the oxide of copper was dissolved, and that 
of uranium precipitated ; the latter, after washing and drying, 
weighed 60 grains, and the oxide of copper, after ebullition with 
potash, weighed 9 grains. The ammoniacal solution contained 
nolime. It appears, therefore, that 100 grains of this substance 
contain 

Silica... ... RAS A St Oe ee Ab oes ate 
Phosphoric acid. ...... CW, SAULE ST ee] 
Oxide Ofuranmny 2 Pe LY. 2B P 6 
Oxide of copper..... Pee ee ay aes oe 9 
Water 6s. pre ata RPE See ES eee ann ee 

I attempted to determine the quantity of water by direct 
experiment; for this purpose 50 grains of the mineral were 
heated on a platina crucible by a spirit lamp, 8°5 grains were 
lost = 17 per cent. This experiment was repeated with a pre- 
cisely similar result, and no further loss was occasioned by 
‘exposing the mineral to a strong red heat. — If, however, we add 

17 to the acid and oxides, there will be an excess of 2°5 over 
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the 100 grains submitted to analysis. Suspecting, therefore, 
that some phosphoric acid had been volatilized with the water, 
I held litmus paper over a further portion of the mineral while 
subjected to the heat of the lamp; I found that it was reddened 
during the expulsion of the last portions of the water, and tur- 
meric paper, which had been reddened by ammonia, had its 
yellow colour restored by the phosphoric acid thus volatilized. 

M. Berzelius, it has been already stated, attributes the green 
colour of this mineral to the presence of arseniate of copper. In 
order to examine this point, Mr, Children was good enough to 
submit some crystals to the blowpipe while I was present. 
When crystals without admixture were heated upon charcoal, 
not the slightest arsenical smell could be perceived by either 
of us; but when the ore was pulverised and mixed with bicar- 
bonate of soda, and strongly heated in the reducing flame on 
charcoal, a slightly arsenical smell was discoverable, but no 
fumes were visible. As, however, this ore contains so large a 
portion as nine per cent. of oxide of copper, the arsenic acid, 
combined with it, would be detected with the greatest facility. 

Still further to examine whether the oxide of copper is in 
‘combination with arsenic acid, I supersaturated some of a 
‘nitric solution of the mineral with ammonia. By this the arse- 
niate of copper would be dissolved, and the phosphate of ura- 
nium precipitated without decomposition. I boiled some of 
the ammoniacal solution with potash, and added nitrate of 
silver to the filtered solution ; a yellow precipitate was obtained 
having a scarcely perceptible tinge of red, instead of being of a 
deep-red colour, as would have occurred if arsenic acid had 
been present in sufficient quantity to form arseniate with the 
oxide of copper. It is, therefore, evident, that the oxide of copper 
is in the state of phosphate, a circumstance which is likely to 
occur, when it is known that the mine which produces the ura- 
nite also yields phosphate of copper. 

It is difficult to determine in what state of oxidation the 
uranium exists in the mineral; but as it is acted upon during 
analysis by nitric acid, and as J found by direct experiment that 
when dissolved in nitric acid, and heated to redness, it gained 
no weight, I think we may conclude, that it is procured in the 
state of peroxide, and I shall consider it as existing in this 
state in the ore. : 

According to Dr. Thomson, hydrogen = 1; the atom of 
peroxide of uranium is represented by 137, and that of phosphoric 
acid by 28; 60 will, therefore, combine with 12-2 of phosphoric 
avid, forming 72:2 of phosphate of uranium, and there remain 
3'8 of phosphoric acid to combine with 9 of peroxide of copper ; 
but as phosphate of copper is composed of 80 oxide and 28 acid, 
or 1 atom of each, 9 of oxide will combine with only 31 of acid, 
leaving an excess of 0°7. 

Supposing the phosphate of uranium to be combined with 
‘three atoms of water, and the phosphate of copper, as deter- 
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mined by Mr. Lunn,* with two atoms, the mineral will appear 

to consist of 

Siligan tc web at  oh0: 6 BS Uatraie a oe wea deniets (0° 
Phosphoric acid. ..eeseseessuesnees 15:3 
CSG Ohh AE AIR TPURIE so. wire, 5 lao Bint. 0(Sl one! ohne 60:0 
Oxide of Copper ss. secedectceeceree 90 
WV ahARs a \nlecab ides aioe knock sGibame ssc te 

Loss eeeoeeceeeeeeeseeeeeresneosee oe ee 

Neglecting the silica, we may consider the ore as essentially 
composed of nearly 

Phosphate of uranium ...... Ee Slee 73:2 
Phosphate of copper.......+-+e20e- « 123 
WATE west eas oe beter aes pease Fre? LAO 

100-0 

On comparing the results of this analysis with those obtained 

by Mr. Gregor, it will be observed, that the quantity of phos- 

phate of uranium in 100 parts of the mineral differs only 2°2 

from the weight of what he considered to be pure oxide of 

uranium. It is indeed evident that in his mode of operating, he 

precipitated, dried, and weighed the acid and oxide in combi- 

nation. 

_ M. Berzelius seems to admit that the only material difference 

between the uranite which he analyzed and the green variety, 

arises from the accidental admixture of the latter with what he 

supposed to be arseniate of copper; when also it is observed 

that what he estimates as oxide of uranium, agrees in 

uantity with the phosphate in the green variety as nearly as 

72:15 to 72°2, little doubt can be entertained that the mineral 

from Autun, as well as that from Cornwall, is essentially com- 

posed of phosphate of uranium. 

_ * Annals, vol, iii, New Series, p. 179. 
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ARTICLE X. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

On Saturday, Nov. 30, being St. Andrew’s Day, the Royal 

Society held their anniversary meeting at Somerset House. A 

great number of members were in attendance at 12 o’clock, 

when the chair was taken by the President, Sir H. Davy, Bart. 

In the course of business, Sir Humphry announced the names 

of the Fellows lost to the Society by death since the last anni- 
versary ; among whom were Sir H. C. Englefield, Bart. ; Sir W. 
ied Dr. Marcet, Rev. Mr. Vince, Plumian Professor of As- 
tronomyatCambridge, Dr.C. H. Parry, Sir C, Pegge: andamong 

foreign members, M. Delambre, the Abbé Hauy, and Count 
Berthollet. He gave a new interest to this ceremony, by enter- 
ing into a brief but elegant and discriminating tribute to the 
scientific merits of these distinguished individuals. He prefaced 
his eulogies by observing, that the occasion was a particular 
one—that the Society had never before lost in one year so many 
distinguished fellows—that the respect paid to the memory of 
the illustrious dead might, he hoped, awaken a feeling of emu- 
lation among the living; and that although he was unable to do 
justice to their respective merits, yet he trusted that in all he 
should have to say, the judgment and the feelings of the 
Society would be in unison with his own. : 

Sir H. C. Englefield, said he, was anaccomplished gentleman, 
gifted with a ereat variety of information, and possessing con- 
siderable talents for physical research. His knowledge of 
astronomy was evinced by his early work on Comets : he wasa 
clear writer—a learned antiyuarian—eminently distinguished 
for conversational powers—a truly honest man—and an orna- 
ment to that class of society in which he moved. 

Of Sir William:-Herschel it was observed by Sir Humphry, 
that the progress of modern astronomy was so connected with 
his labours, that his name would live as long as that science 
should exist: his happy and indefatigable spirit of observation 
was spoken of as proved by his discovery of a new planetary 
system, and of a number of satellites before unknown—his 
inductive powers of reasoning, and bold imagination, as shown 
in his views of the stellar systems in the heavens—and his 
talents for philosophical experiments, as proved by the disco- 
very of the invisible rays in the solar spectrum. He was aman, 
continued the eulogist, who, though raised by his own efforts— 
by the power of his own intellect, to so high a degree of emi- 
nence, was spoiled neither by glory nor by fortune ; and who 
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retained, under all circumstances, the native simplicity of his 
mind. His amiable character and the felicity of his life were 
dwelt onat some length. He died full of years and of honours; 
and, when unable to labour himself, saw a kindred disposition 
and kindred talents displayed by his son. In conclusion,—his 
mental powers seemed to have acquired sucha degree of expan- 

sion here, as to have become incapable of further elevation or 
extension but ina higher stage of existence. 

. Sir Humphry then expressed his regret at the premature death of 
Dr. Marcet, whom he characterized as an ingenious and accurate 
chemist—a learned physician—a liberal, enlightened, and most 
amiable man. 

Appropriate characters were likewise given of Mr. Vince, Dr. 
Parry, and Sir Christopher Pegge. 

In eulogising the foreign members, the name of Haiiy was 
spoken of as one that would always be remembered in the, his- 
tory of mineralogy, in consequence of his having established 
what may be considered as a mathematical character in discri- 
minating mineral species. Delambre, the learned Secretary of the 
Royal Academy of Sciences of Paris, was mentioned with great. 
praise as an excellent astronomer, and candid and liberal histo- 
rian of his own science ; and an able observer, whose name will 
be for ever associated with the first very accurate measurement. 
of an arc of the meridian in France. M. Berthollet was called 
by Sir Humphry the patriarch of modern chemistry. He dwelt 
on his discoveries and labours at some length; and paid a just 
tribute to the candour and liberality of his mind—to his warm 
and zealous patronage of rising genius, and to his quiet, and 
amiable social virtues. 

The President next read the list of members admitted into the 
Society since the last anniversary, among whom were Mr. Dal- 
ton, of Manchester; Dr. Kidd, of Oxford; Mr. James Thomson; 
and Mr. Rennie. 

He then proceeded to state the decision of the Council respect- 

ing the award of the medal on Sir Godfrey Copley’s donation, 

which, he announced, had been adjudged this year to the Rey. 

W. Buckland, Professor of Mineralogy and Geology in the 

University of Oxford, for his paper, on the Fossil Bones and 

Teeth discovered in a Cave near Kirkdale, in Yorkshire, printed 
in the Society’s Transactions. 

Prior to delivering the medal to Prof. Buckland, as the present 

was the first time that a paper on a subject of pure geological 

research had been honoured by this mark of distinction, Sir H. 

Davy gave, in an eloquent discourse, a concise view of the his- 

tory and importance of geological pursuits in general, as-well as 

of the interest and value of Mr. Buckland’s recent labours in 

particular. Of this discourse, we are happy to present a con- 

densed epitome. j 
While the phenomena of the distant stars and other objects 
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of astronomical science had long been subjects of investigation, 
in consequence of their relations to the seasons and to time, the: 
structure of the earth had been scarcely noticed until a late 
eriod. Cosmogonies, ‘or dreams of the formation of the 

world,” had been brought forward at various periods, and some: 
general views in geology had been advanced by Hooke, Lister, 
Strachey, and other early members of the Royal Society, or con- 
tributors to its Transactions; but the commencement of geology 
as an exact science did not take place until about 50 years since, 
when a regular classification of minerals having been effected, 
Pallas, De Saussure, and above all, Werner, further arranging: 
this, the alphabet of geology, proceeded to read with it that part: 
of the book of nature ; and the logic of the science was subse- 
quently furnished by chemistry and comparative anatomy. The- 
space of a discourse would not admit even of naming the labour- 
ers, our contemporaries, by whose zeal and accurate spirit of 
observation, the field of geological research had been so success- 
fully cultivated within the last 20 years; but among them that 
of Prof. Buckland was highly distinguished by his indefatigable’ 
ardour for inquiry, and by his caution and sagacity in drawing 
conclusions. 

For the purpose of illustrating the subjects of Mr. Buckland’s 
paper, Sir Humphry now gave a general view of the constitution 
of the superficial part of the globe, of the arrangement of its’ 
constituent rocks, and the distribution in them of organic 
remains : in this he mentioned that he had himself ascertained 
that those remains of the animal kingdom, the position of which 

_ was geologically the lowest, contained the least quantity of the 
original matter of the animals. Although it had been strongly: 
suspected that the large animals of the elephant, rhinoceros, 
hippopotamus, tiger, hyena, and other kinds, the remains of 
which are met with in the diluvian strata, were once inhabitants 
of the countries where their bones and teeth are thus found, yet 
this had never been distinctly proved until Prof. Buckland 
described the Yorkshire cave, in which several generations of 
hyznas must have lived and died. By the industry and happy 
talent for observation of that gentleman, there had been distinctly 
established an epoch from which to trace the revolutions of the 
globe. Sir H. had himself since visited the cave, in company 
with Mr. B. and could testify to the accuracy of his descrip- 
tion ;—announced that the Professor had recently examined 
a number of similar caverns in Germany, and that by the phe- 
nomena of these, he had found his former conclusions con- 
firmed. Sir H. then expressed his hopes that Mr. Buckland 
would communicate the results of his late researches to the 
Royal Society. Two theoretical views might be taken respect- 
ing the animal remains in question; one, that the animals had 
been of peculiar species fitted to inhabit temperate or cold eli-: 
mates; thus, that the elephant and rhinoceros of Britain mght have 



1823.] Royal Society. 65 
been as different from those of tropical regions as our common 
cattle are from the musk ox of Siberia: in the other hypothesis, 
the globe was considered to have undergone a change of tem 
perature. Sir Humphry was of opinion that the latter supposi 
tion is the most probable one : if the former were to be adopted, 
it would be difficult to conceive how the elephants could obtain 
sufficient food in polar climates, or how the hippopotami 
could have inhabited their frozen lakes. He then entered into 
some general views on this interesting subject, and its connexion 
with that of the chaotic state of the globe, and with those of the 
successive creations of living beings, and the early revolutions of 
our planet, until it became at last fitted for the habitation of man. 

In presenting the medal to Prof. Buckland, the President 
desired him to receive it as a tribute of respect from a body, 
which he believed to be very impartial in its decisions, and 
which considered the actual advances that had been made in 
science, rather than the nation, school, orindividual, by whom 
they had been effected. Sir Humphry expressed his hopes that 
Mr. B. would enjoy health to continue his researches, and that 
his example would stimulate other members of the Society to 
similar inquiries and labours; for that geology was abundant in 
objects of research, and was most worthy of being pursued, on 
account of its connexion with the useful arts, of the happy views 
which it affords of the order of nature, and of the assistance 
which it lends to true religion. 

Sir H. considered that the scriptural account of the deluge was 
now completely established from geological grounds; but the 
science of geology, he maintained, should be studied in amanner 
altogether independent of the authority of the Sacred Scriptures ; 
for that these, as Bacon had said long before, merely gave some 
remarkable facts in the history of the globe, and not systems of 
philosophy ;—the latter were left to be framed by the industry of 
man, and by the exercise of his god-like faculty of reason, which, 
in-its highest sphere, approximates to revelation itself. The dis- 
course was concluded by some appropriate moral reflections 
arising out of the subjects discussed. 

The Society then proceeded.to the election of their officers 
and council for the year ensuing, when the following gentlemen 
were chosen. 

President.—Sir Humphry Davy, Bart. 
Treasurer.—Davies Gilbert, Esq. MP. 
Secretaries.—William Thomas Brande, Esq. and Taylor 

Combe, Esq. 
Of the Old Council_—Sir H. Davy; W. T. Brande, Esq.; 

Samuel Goodenough, Lord Bishop of Carlisle ; Taylor Combe, 
Esq.; Davies Gilbert, Esq.; Charles Hatchett, Esq.; J. F. W. 
Herschel, Esq.; Sir Everard Home, Bart.; John Pond, Hsq. 
Astronomer Royal; William Hyde Wollaston, MD.; Thomas 
Young, MD. 

New Series, vou. v. F 
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Of the New Council.—Charles Babbage, Esq.; Sir Gilbert 

Blane, Bart. ; Charles, Lord Colchester; J. W. Croker, Esq. ; 
John, Earl of Darnley; Sir Henry Halford, Bart.; Charles Hut- 
ton, LLD.; Capt. Henry Kater; W. H. Pepys, Esq.; Joseph 
Sabine, Esq. : 

The weekly sittings of the Society had been resumed on the 
7th of November, and had taken place twice afterwards prior to 
the anniversary meeting. On the 14th, a paper by the Astro- 
nomer Royal was concluded, entitled, “‘ An Appendix to a for- 
mer Paper, on the Changes which appear to have taken Place in 
the Declination of some of the principal fixed Stars.” Mr. Pond 
stated in this paper that he had obtained results confirming 
those given in his last communication. 

A paper, by the same gentleman, was also read, ‘ On the 
Parallax of a Lyre.” In this, the absolute parailax of the star 
in question was stated to be a very small fraction of a second. 

Nov. 21.—-The Croonian lecture was commenced, entitled, 
“« Microscopical Observations on the Suspensions of muscular 
Motion in the Vibrio Tritici,” by Francis Bauer, Esq. FRS. . 

Dec. 5.—The Croonian lecture was concluded. ‘The curious 
animal described in this papér is the cause of a particular disease 
in wheat, at first thought to be peculiar to Kent, and was disco- 
vered by the author in 1807 while engaged in the investigation 
of the various diseases to which that species of corn is subject. 
In the ears diseased by it, some grains were quite ripe and dry, 
while others, quite green, were unimpregnated germs. They 
contained cavities lined with a fibrous substance, every fibre of 
which was a very minute worm. These worms which, when 
moistened, were in active motion, after being dry, and appa- 
rently dead for five days, when again moistened, were in active 
motion as before. Mr. Bauer conceived that their spawn or 
eggs must have been introduced into the germs by the sap, as 
he had ascertained was the case with the minute fungi which 
produce in wheat the disease called smut. He sowed some 
infected grains, and’some with the smutty infection in addition ; 
and in the ears subsequently produced from them found both 
diseases co-existing; the eggs in these ears, he found, were of 

strings of eggs. Near the tail is a circular aperture with a 
fleshy rim, through which their eggs are exuded in strings of six 

be truncated at first; but they soon emit water, and assume an 
oval figure, a little narrowed in the middle; they are about 
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1-300th of an inch in length, by between 1-800th and 1-900th 
in width; in one hour and a half after exudation, the young 
worm peeps out, and by twisting about, and other active 
exertion, wholly extricates itself in about an hour more. 
‘The worms just extricated from the eggs look like fine glass 
tubes full of water, with air-bubbles corresponding to the annuli 
of the older ones, but no indentations. The large ege- 
‘bearing worms, which were one-fourth of an inch long by 1-80th 
wide, have no other motions than those of moving their heads 
and tails; they present no external marks of sex, and are consi- 
dered to be hermaphrodites. In the grains which also contained 
‘smut, there were two or three large worms surrounded with 
egos, 

Some ofthese worms were revived in wheat which had been dry 
for five years and eight months; the longest period of revi- 
‘viscence observed, was six years and one month; the large 
‘worms do not revive. If kept in water longer than 35 days, 
‘they all die, and become as straight as needles, but remain a 
‘very long time without decaying. If merely kept moist in a 
watch-glass, they may be kept alive for three months ; if too 
‘much water be applied to them, they cannot be so readily 
revived as when a little is used, which soon evaporates ; and 
the longer their periods of desiccation have been, the longer 
they require to be kept moist for reviviscence. They appear to 
be preserved by a mucus in which they are imbedded, and which 
appears to be of an oily nature. ‘this, however, remains for 
ears when the worms can no longer be revived. 

- Mr. Bauer had completed his investigation of the vibrio tritici 
in 1810, and conceived that it had not been noticed before, 
when he met with some references to former descriptions of it ; 

* these, however, being very vague, and his time having been 
since occupied with researches of a different nature, he had no 
opportunity of consulting the authors referred to until lately: 
upon so doing, he found no occasion to alter any of his conclu- 
sions on the subject. 

Dec. 12.—On Metallic Titanium, by W. H. Wollaston, MD. 
VPRS. 

This paper commenced with a review of the results hitherto 
obtained in experiments on the reduction of this metal, of which 

even the most satisfactory are of a doubtful nature ; hence Dr. 

Wollaston conceived that an account of some metallic crystals 

of titanium would be acceptable to the Royal Society. In the 

slag of the iron works of Merthyr Tydvil, there are minute 
cubes; which, from being imbedded in and possessing the colour 
and lustre of iron pyrites, have been considered to be that sub- 

stance. They are not, however, like the striated cubes of 

pyrites, which often pass into the pentagonal dodecahedron ; 

but have indented squares on their faces, like the cubes of coms 
F2 
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mon salt. An angle of one,of them scratched not only.a plate 

of steel, and ground-glass, but even plates of polished agate and 

rock-crystal. They were not aflected by the nitric, ,muriatic, 

nitro-muriatic, or sulphuric acids ; and were absolutely, infusible 

before the blowpipe, by which their surfaces were slightly oxi- 

dated only, their brightness being restored by borax ; that salt, 
however, did not act in any degree upon the metal, either alone, 
or with the addition of carbonate of soda, By nitre, they are oxi- 

dated, and they become purple or blue according to the degree 
of oxidation, or to the depth to which it penetrates, In this 
process, heat is evolved, but no proper detonation takes place. 
By nitre and borax in conjunction, they may be completely dis- 

solved before the blowpipe, the former oxidating the metal, and 

the latter dissolving the oxide; but as these salts do not fuse 

together, the process 1s expedited by the addition of carbonate 

of soda. The oxide thus obtained is soluble in muriatic acid, 
from which it is precipitated white by alkalies and their car- 
bonates; the solution yields by evaporation a soluble muriate. 
When this is dissolved, it yields with tincture of galls the well- 
known gallate of titanium, exactly like that precipitated from a 
solution of the oxide prepared from anatase. Triple: prussiate 
of potash produces a precipitate so nearly resembling the 

gallate in colour, that in a number of trials, no constant differ- 
ence between them could be detected. The. crystals are 
titanium absolutely pure: though found in the yicinity, of 
‘metallic iron, they contain none of that. metal, nor do they 
contain silica, for which the oxide of titanium has a strong 
affinity. It was impossible to ascertain the specific gravity of 
crystals not more than 1-40th of an inch square ; but Dr. V ol- 
laston endeavoured to ascertain whether or not they would float 
in melted tin, and attempted to tin their surfaces for that pur- 
pose; but they refused to unite with that metal, nor would they 
combine with iron, silver, or copper.”. Their lustre nearly proves 
their metallic nature ; but this is completely demonstrated by 
their perfectly conducting very feeble electricity. If a small 
slip of zinc, in contact with one of copper, be immersed in dilute 
sulphuric acid, bubbles of gas will rise from both metals; but 
if a nonconducting slip of paper be interposed, the bubbles 
cease to be given off by the copper. Now a small hole being 
made in the paper, and a cube of the titanium inserted, the 
‘communication was made perfect, and bubbles of gas were giyen 
off from both metals. This interesting, paper was concluded b 
the remark,. that the infusibility of, these cubes of, titanium 

evinced, that they were not formed from a state of metallic 
fusion, but by successive increments from the reduction of the 
oxide in the slag; in which manner we must likewise explain 
the formation in nature of many metallic crystals. ; 
On the Difference of Structure between the Human Mem- 
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brana Tympani, and that of the Elephant; by Sir E. Home, 
Bart. VPRNS. 

In 1799, Sir Everard discovered the muscular structure of the 
membrana tympani in the elephant, and this discovery had led 
to that of the same membrane in the human ear being also mus- 
cular. He had likewise inferred that its oval shape in the 
elephant was the reason why the ears of that animal were not 
affected by musical sounds equally with those of man, in which 
the membrana tympani is circular; the muscular radii being of 
equal length in the latter case, and unequal in the former one. 
Since that period, he had laid all his friends in India under con- 
tribution for the head of a young elephant preserved in spirits ; 
but remained unsuccessful until lately, when he received from 
Sir T.S. Raffles, to whom the natural history of the east is s6 
much indebted, the head of an elephant only three weeks old. 
In this, the membrana tympani was in its proper place, and 
measured an inch and a half by an inch and one-eighth; the 
radii were attached to the point and to the two sides of the 
handle of the malleus, which was situated in a transverse direc- 
tion. Having been informed by Mr. Corse that the elephant can 
“hear very low sounds with great distinctness, the author attri- 
butes this faculty to the long radii of the membrane. Mr. Broad- 
wood having sent one of his tuners with a piano to the elephant 
at Exeter Change, it was found that the animal scarcely 
attended to the high sounds, but listened to the low ones with 
apparent satisfaction. Some observations on the membrana 
tympani of various other quadrupeds were likewise given in this 
paper. It was found that the lion in the above menagerie was 
little affected with high musical sounds, but became quite infu- 
riated by low ones ; uttering loud yells, which ceased with the 
music. . 

LINNEAN SOCIETY. 

The meetings of this Society were resumed on Nov. 5, when 
the reading of a paper was commenced, entitled, “ Remarks on 
the Identity of certain general Laws which have been lately 
observed to regulate the natural ‘Distribution of Insects and 
Fungi: ” by William Sharpe Mac Leay, Esq. 

Of this extended and profound paper, which was not con- 
clided until the third meeting, on Dec. 3, we can give but a 
brief notice. It related to what may be termed the metaphysics 
of natural history. In the Hore Entomologice, a work not long 
since published by Mr. Mac Leay, and with which our zoologi- 
cal readers are doubtless acquainted, he has advanced views 
respecting the natural series of animated beings, which, though 
founded on a close attention to their entire structure, may have 
appeared extraordinary as well as novel: they relate to a particu- 
lar quinary distribution which he has observed of the subjects of 
the animal kingdom ; and in this paper a very remarkable con- 
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firmation of them is announced and explained.- M. Fries, in his 

Systema Mycologicum, published last year, observes laws of the 

same kind to obtain in the natural arrangement of fungi, which 

Mr. Mac Leay had pointed out as existing in the animal kings 

dom, and as probably extending to all organized beings. In the 
course of the paper, the difference between affinity and analogy 
was philosophically examined and defined. Some observations 
were also made on the law of continuity. as far as it regards 
organized nature; in these was shown the distinction between 

saltus and hiatus, which have usually been confounded -even by 

the first metapbysical writers. It was remarked that no saltus 
ever existed in nature, and that where there were /iatis, they 

had arisen from the extinction of species. Towards the conclu- 
sion, it was stated, that M. Decandolle had likewise observed 
the general laws of natural arrangement which formed tie sub- 
jects of the paper; so that these laws had thus been presented 
to three individuals, in different countries, nearly at the same 

period of time: 
Dec.3.—A Description of some Insects which appear to exem- 

plify Mr. W.S. Mae Leay’s Doctrine of Affinity and Analogy ; 
by the Rev. W. Kirby, FRS. and FLS. was commenced. 

Dec. 17.—Mr. Kirby’s paper was concluded, and another by 
the same entomologist, entitled, “ Some Account of a new Spe- 
cies of Eulophus (Geoffroi),” having also been read, 

The Society adjourned to Jan. 21, 1823. 

GEOLOGICAL SOCIETY. 

Nov. 1.—A letter was read from W. C. Trevelyan, Esq. MGS, 
addressed to Prof. Buckland, VPGS. on the Geology of the 
Ferroe Islands, dated Copenhagen, Dec. 3, 1821. 

Mr. Trevelyan observes, that the Ferroe Islands appear to be 
of the same formation as that of Antrim and of the Western 
Islands ; they are literally mountains surrounded by water, and 
are coniposed of numerous alternations of almost all the varieties 
of trap, which are so regular, that the hills appear as if they 
were divided into a number of terraces: most of the beds are 
divided from each other by others (generally thin), of a red 
colour (sometimes green), perhaps the clay ironstone of Werner. 
These beds Mr. Trevelyan thinks have not been remarked in 
other formations ; neither a curious lava-like appearance, which 
is very frequent, and the alternations extend to the height of 
about 3000 feet, and in some parts, perpendicular sections may 
be seen of more than 2000 feet high. The rocks on decompos-+ 
ing are seen to be stratified; the strata display surfaces: gene- 
rally even, but sometimes waved. - Excepting in the island of 
Myggeneas, the dip appears to be the same throughout. In 
that island are some thin veins af coal. in Suderoe, a coal 
similar to the Scotch, but superior, occurs in abundance; the 
best sectidns of this are near Frodboe, where it is seen between 
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two thick beds of a hard greyish clay, which crumbles on expo- 
sure to the air, and which contains sometimes numerous nodules 
of a rich ironstone (carbonate of iron). The coal in Suderoe is 
seen rising from the level of the sea through an extensive tract 
of country (which the author describes), until it reaches an ele- 
vation of above 1000 feet. Basaltic veins of various descriptions 
are very frequent ; sometimes they alter, but seldom disturb, the 
strata they pass through; they are frequently accompanied by 
thick veins of zeolite, in a state exactly resembling the steatite 
of Cornwall. The coal, however, at Toidnences is disturbed by 
insinuated masses of basalt. Slips are not frequent in Fervoe, 
but a remarkable one is described in Soinoe, cavities of great 
leneth, perfectly circular, extending -in a direct line, and 
incrusted with zeolite, are common ; one was seen, of which the 
one side was filled with compact zeolite; the other with clay 
ironstone. Conglomerates are common ; one only was observed 
of rolled pebbles, apparently of the rocks of the island. In two 
of the islands, a bed of greenstone, in some parts columnar, is 
seen of great extent: itis 100 feetin thickness. 

Native copper is very frequent, but not abundant, in most of 
the rocks. At Famarasund, m Suderoe, it occurs in clay iron- 
stone, in thin plates; in the other rocks, it is generally crystal- 
lized, frequently inclosed im zeolite. Specimens of most of the 
zeolite family were procured, and a variety of tabular calc spar, 
first found in Ferroe by Sir G. Mackenzie, and unknown else- 
where. 

On his return, Mr. Trevelyan, in passing from Fludstrand, in 
Jutland, to Copenhagen, crossed a considerable extent of chaik: 
the whole of the country is covered with large rolled blocks of 
various primitive rocks. 

Near Fludstrand are some beds of sand, clay, and marl, appa- 
rently above the chalk. 

The letter concludes with observations on the aurora borealis, 
and with reasons tending to confirm the opinion that Ferroe is 
the Thule of the ancients. 

ROYAL GEOLOGICAL SOCIETY OF CORNWALL. 

Ninth Annual Report of the Council—The progress of the 
institution since the last anniversary, if not equal to the wishes 
of its friends, is at least encouraging; though the Society had 
to regret the loss of their late able Secretary, Dr. Forbes, whose 
professional pursuits occasioned his removing from this county ; 
and the Council considered it due to the zeal and ability dis- 
played by that gentleman, to elect him an Honorary Member. 

'Yhe cabinets have been enriched by many valuable donations; 
and in particular by a splendid series of minerals from Mount 
Vesuvius, for which the Society is mdebted to the kindness of 
their illustrious townsman, Sir Humphry Davy. The value of 
this accession to the Museum is not a little enhanced by the 
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circumstance of. the package having been missing for several 
years owing to the disturbances which occurred. at Naples, so 
that it was given up as lost, when it happily reached its original 
destination. ; fo totais ) 

_ The, collection of specimens in most of the departments of 
mineralogy is now become interesting, and being open to public 
inspection, creates a growing attention to the subject, and has 
led to the discovery of minerals hitherto unknown in this county, 
and is thus accomplishing one important object of the institu- 
tion;. The;:series of our native metallic minerals has also been 
augmented. both by purchase and donation: but while the 
Council gladly report its continued progress, they beg to remind 
the, members that this department of the cabinet is at once the 
most interesting and hitherto most defective; and recommend it 
earnestly to the attention of its friends, particularly to those 
whose connection with the mines afford opportunities of procur- 
ing rare specimens. et 

The library and funds have also been increased, the latter by 
a liberal donation from John Hawkins, Esq. to whose interesting 
communiéations and encouragement, the imstitution has been 
from its commencement so greatly indebted. 

Flattering invitations to correspondence have been received in 
the course.ofithe past ‘year from foreign institutions and men of 
science, which shows that this Society has already attracted 
notice,,and is contemplated with‘interest both at home and 
abroad. ; 

The Council have also the pleasure to: congratulate the Society 
on the publication of the second volume of its Transactions, as 
ordered by the last general meeting, ‘and they flatter themselves 
that it will not be found unworthy of its predecessor. It was 
judged proper to:¢onfine its contents entirely to papers: relative 
to, the \geology and, mineralogy of Cornwall; although it occa- 
sioned the regret of thereby omitting many valuable communi- 
cations. A large space will be found devoted to the detail of 
numerous facts and experiments on the much controverted sub- 
ject, the Temperature of Mines,’ and.also on, the) Phenomena of 
Veins,) which cannotfail. to attract much ‘attention and further 
investigation. To the authors and editors, ‘the Society will feel 
much obligation, particularly, to Mr. Carne, not.only for so large 
a portion of the work itself, but, also.for his indefatigable atten- 
tion to the arrangement of the papers, and ‘superintendence of 
the press. There are likewise two other circumstances deserving 
of notice ;—that the yolume was printed in this.town (Penzance), 
and that the plates, were engrayed by a self-taught native artist ; 
and the execution of both reflects no small credit on the parties, 

Since’ the last anniversary, a course of lectures onthe elements 
of chemistry has been deliyered, by. the Secretary, Dr. Boase, to 
a numerous and attentive auditory, and received with much 
applause and merited approbation. And the Council have also 
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the pleasure to report, that there is evidently a growing attention 
to scientific pursuits, which encourages them to cherish and 
repeat the expression of their anxious hope that the period is 
not distant, when the great and leading object of this Society 
will be. realised, and Cornwall at once distinguished and 
enriched by the establishment of a School of Mines. 

By order, Henry S. Boasgs, Sec. 

—a 

The following papers have been read since the last report : 
On the Tin Ore of Botallack and Levant. By Henry S. 

Boase, MD. Secretary of the Society. 
A further Account of the Mineralogy and Geology of St. Just. 

By Joseph Carne, Esq. FRS. MRIA. Member of the Society. 
On the Serpentine District of Cornwall. By the Rev. Canon 

Rogers, Member of the Society. ont 
On the Neptunian Theory of the Formation of Veins. By 

Henry Boase, Esq. Treasurer of the Society. 
On the Noxious Gases of Mines. By Dr. Boase. 
On Submarine Mines. By Joseph Carne, Esq. FRS. &c. 
On the Temperature of the Cornish Mines. By M. P. Moyle, 

Esq. Member of the Society. 
A proposed new Method of Drawing Mining Maps and Sec. 

tions. Communicated by Mr. Fox. . 
On the Temperature of Mines. By Robert W. Fox, Esq. 

Member of the Society. . 
On the Utility ofa School of Mines. By Dr. Boase. 
An Account of the Quantity of Tin produced in Cornwall in 

the Year ending with the Midsummer Quarter, 1822. By Joseph 
Carne, Esq. FRS. &c. 

An Account of the Produce of the Copper Mines of Cornwall, 
in Ore, Copper, and Money, in the Year ending the 30th June, 
1822. By Mr. Alfred Jenkyns. 

Officers and Council for the present Year. 

President.—Davies Gilbert, Esq. MP. VPRS. &c. &e. 
Vice-Presidents.—William Rashleigh, Esq. Charles Lemon, 

Esq. John Scobell, Esq. John et Esq. 
Secretary.—Henry S. Boase, A 
Treasurer.—Henry Boase, Esq. 
Librarian.—T. Barham, MD. 
Curator.—Edward C. Giddy, Esq. 
Assistant-Secretary.—R. Moyle, Jun. Esq. 
The Council.—T. Bolitho, Esq.; Joseph Carne, Esq.; Stephen 

Davy, Esq.; Alfred Fox, Esq.; G. D. John, Esq.; Rev. C. V. Le 
Grice; M.P. Moyle, Esq.; Rev. Canon Rogers; H. P. Tremen- 
heere, Esq.; John Williams, Jun. Esq. 



74 Scientific Intelligence. [JAN. 

ArTICLE XI. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I, On the Temperature produced by the Condensation of Vapour. 

Mr. Faraday, in some observations published in the Annales de Chi- 
mie, xx. $29, has illustrated a curious property of vapour which, as 
he remarks, .though it might have been deduced from known facts, 
had never been cited or confirmed by experiment. It seems, indeed, 
that the property had been known in Paris to some of the chemists, 
but that it had never been published. . 
Hold a thermometer horizontally so that its bulb may be introduced 

into a current of vapour as it issues from a boiler or tea-kettle: it will 
soon indicate 212°; then drop on to it a little powdered. nitre, and 
immediately the temperature will rise to 230° or higher. _ This effect 
is due to the condensing power excited by the salt on the vapour, 
which, reducing the latter to the fluid form, liberates the heat that 
raises the thermometer. 

In making the experiment, care should be taken that the water con- 
densed onthe stem of the instrument does not run down and dilute the 
salt, for then the temperature falls. Another method of operating is 
to tie up the salt or substance, round the bulb of the thermometer 
in a bit of lint or flannel, and introduce it so covered into the steam. 
The following are temperatures obtained by the use of different: sub- 
stances ; the first column of numbers as given by the last process, and 
the second by the other: 

Sulphate of magnesia... -....... 204"... 218 
*Vartrate Of POtash s,s: .6 5 ue +: 23042 t 250 
STartarie aeid's PIE. PP. 1S OP! B21 oy 286 
Sugar 90) 49.04 otis SGT AP. 223 .... 216 

*Muriate of ammonia. ....... 6 '2BE Sot 230 
SUITS CUA J 0.2 dle, sini ahha nip hilar 298" si i (280 
*Nitre. 403.5. Japa a, Mee 2300s #0 232 
Nitrate of magnesia........... 9 AO) iniinad dy POO 

. Nitrate of ammonia........ 6B in SA Ue* 20 OD 
FACEtALE Of PORASD oo. 1a» oie oo 298 eenes 2ae 
Subcarbonate of potash. ........ 262 .... 258 
cir Re aeea a nis axes ens seeeee — .1.. 300 and upwards. 

Those marked * are convenient for the experiment with the naked 
bulb. 

The effect, as might be expected, continues at different pressures, 
and the same difference of temperature which exists between a clean 
thermometer and one coated with a salt when placed in steam at 212° 
under atmospheric pressure, holds when the pressure and temperature 
are raised. 

Mr. Faraday had stated that at the same pressure a boiling aqueous 
saline solution gave off steam of the same temperature as boiling water. 
M. Gay-Lussac makes some remarks on this statement, and sliows, that 
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with the salinesolution, the temperature of the vapour is the same as that 
of the solution itself. -We understand that Mr. F. has verified M. Gay- 
Lussac’s statement by experiment, and satisfied himself of its accuracy. 

Il, Index to Kirby and Spence’s Entomology. 

(To the Editor of the Annals of Philosophy.) 

_ DEAR SIR, Dec. 22, 1822, . 
I beg to submit, through your journal, to the learned authors of the 

Introduction to Entomology how important an addition to each of their 
delightful volumes a pretty copious index would be; and how imperfect 
their work is without it. It is of course intended that the last volume 
should comprise all that is necessary in this way; but this is not 
enough, for during the many years that intervene between the appear+ 
ance of the first and the last volume, the entomological student is 
deprived of all the advantages of reference, unless he make an index 
for himself. All the leading facts of the two first volumes may be very 
readily embraced in one index ; and I would suggest to Messrs. Kirby 
and Spence, that it would be desirable to furnish this assistance to the 
public without delay, as well as to provide every future volume with 

an index for itself, with the exception of the last, which will necessa+ 
rily contain general references for the whole work. 

I remain, dear Sir, yours sincerely, 
NoRFOLCIENSIs. 

III. Separation of Plumbago from Cast-Iron. 

A curious paper on this subject has appeared in No. 14 of the Edin- 
burgh Philosophical Journal; the facts related in which we shall pro- 
ceed to state, and afterwards to offer a few remarks on the theory 
which has been deduced from them by the writer of the paper, Dr. Mae 
Culloch. 

In the frequent examination of the metal of the iron guns delivered 
by the contractors to the ordnange, by solution, according to Berg- 
man’s suggestion, Dr. M. found that the quantity of plumbago in the 
metal bore no relation to its strength or goodness, but that the results 
were sometimes curious, from the very variable quantity which differ- 
ent specimens of the iron contained. ‘The trials were far from confirm- 
ing the cpinion that the worst or weakest metal contained most plum- 
bago; and on one occasion, an exceedingly tough specimen was found 
to contain a most unusual proportion of this substance, and that in a 
disengaged state, being visible on breaking the metal: which appeared 
as if it had been rubbed with powdered black-lead, and left its trace on 
paper. Where the plumbago was most abundant, the colour of the 
fracture of the iron was most grey ; and Dr. M.'s trials go to prove; in 
‘contradiction to the opinion of many iron-founders, that the greyest 
metal is the toughest. The plumbago was always obtained in the state 
of powder, and in very small proportion when compared to that 

obtained from pig-iron. ’ 
The same experiments were repeated on the pig-metal used for 

shells, which is generally distinguished into three kinds; white, grey, 
and black. All these afforded very large proportions of plumbago, but 
various in different specimens; the black metal seemed to afford the 
greatest quantity, but that which was most brilliant and. silvery also 
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yielded it in abundance. In 1807 or 1508, Dr. ‘Mac Culloch was 

requested to go to a London porter brewery to see an appearance 

which had very much surprised the people employed in it. They had 

taken some iron out of their porter backs in making repairs, and had 

found it, as they said, red-hot. This was found to be an exaggeration ; 

but on removing the iron articles from the porter, they became so hot 

on scraping off the surface, that it was disagreeable to handle them; 

while they smoked from the evaporation of the moisture ; they were 

cast cones, perforated with holes, and about an inch thick, used as 

strainers to prevent foreign substances from getting into the pipes, and 

had been immersed in the porter for many years, On examination, 

some of them were found to be entirely plumbago ; while in others 

there was a thick coat of that substance on each side, a little iron only 

remaining in the middle. 
Shortly afterwards, Dr. M. met with the following relation in one of 

his journeys in the Western Isles. In 1740 an attempt was made to 
weigh one of the Spanish Armada, which had foundered off the coast 
of Mull; this proved unsuccessful, but some brass and iron guns were 
brought up, the former bearing the date 1584. The iron guns were 
deeply corroded ; and on scrapingthem, it was said that they were found 
so hot that they could not be touched, and that they did not become 
cool till they had been two or or three hours exposed to the air. , 

The following are the general results of Dr. Mac Culloch’s experi- 
ments on this subject: The blackest pig-metal appears to yield the 
greatest quantity of plumbago, and in the most solid state. When 
the experiment is complete, the produce equals the iron in bulk, and 
is a solid mass capable of being cut by a knife, even into pencils; but 
as far as lias been observed, it is of a much more coarse grain, or scaly 
granular texture, than natural black-lead,_ To procure it in perfection, 
the acid should be very weak, and the operation is then necessarily 
very tedious. Acetic acid appears to be the best, and it is by thisthat 
it is produced in porter-backs in the waste-pipes of breweries, and in 
calico-printing-houses, where sour paste is employed. Ifthe experiment 
be perfect, the plumbago becomes hot on exposure to the air, smok- 
ing while there is any moisture to be evaporated, particularly when the 
surfaces are scraped off in succession; there is no apparent difference 
in the plumbago before and after this operation. When the substance 
does not heat, on being taken out of the fluid, the whole process of 
oxygenation appears to have taken place in the solution, probably from 
an excess of strength in the acid. 

From these facts, Dr. Mac Culloch draws the following inferences: 
that plumbago, by which name he designates the carbon, as it exists in 
cast-iron, is a metal, and black-lead its oxide: that in white-pig, proba- 
bly, ‘the combination is this metal and iron; and that in the black it 
exists in a state of approximation to black-lead: that the operation of 
the acid is to dissolve the iron, and to oxygenate the plumbago so as 
to convert it into black-lead:' and that if the acid be strong, the whole 
operation is completed in the solvent; otherwise some additional oxy- 
gen is required to produce it in a state of permanence in the air, and 
that the absorption of this generates the heat in the experiment: 
lastly, that the metallic nature of the base of charcoal is also proved 
from these facts, -And lest:this reasoning’ should be deemed unsatis- 
factory, Dr. M. adds the-following argument’: The specific gravity 
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of pig-iron is about 7'6, and that of black-lead is 2, or less. Now the 
bulk of black-lead procured in the experiment is equal to that. of the 

original iron exposed to solution. Two such bodies could not co-exist 

in the same space, or, if that could be imagined, the specific gravity of 
such iron must be far more different from that of pure iron than it is, 
If pure iron indeed is freed from the effects of condensation by heating, 

it scarcely differs in‘ specific gravity from pig-metal. Thus while we 
conclude that the plumbago combined with theiron is a metal, we may 
also infer that the specific gravity of that metal is not very different from 

that of iron.” : 
Upon this theory we trust that Dr. Mac Culloch will excuse our 

offering the following remarks: In the first place, nothing but carbon 

has been detected in the diamond by the most refined and delicate 
investigations of chemistry, those of Sir H. Davy, Messrs. Allen and 

Pepys, and others: that gem, therefore, must be a form of Dr. M.’s 

new metal ; now if black-lead be its oxide, supposing it to contain only 

one atom of oxygen, then, when equal weights of each substance are 

burnt in oxygen gas, the former should require, for its complete con- 

version into carbonic acid, twice as much oxygen as the latter ; but the 

experiments of Messrs. Allen and Pepys have demonstrated, that both 

thése substances require for their combustion precisely the same volume 

of oxygen. 
Secondly, Dr. Mac Culloch does not seem to be aware of the exist- 

ence of silicium in cast-iron. The’experiments of Mr. Daniell, recorded 

in vol. ii. of the Journal of Science, show that the absorption of oxy- 

gen, and the consequent evolution of heat, by the black-lead separated 

from the metal, is owing to the conversion of silicium into silica, and 

not to that ofany unknown’principle into black-lead. 
We are not sure that we understand the concluding argument, but 

does it not indicate, either that Dr. Mac Culloch considers cast-iron to 

be a mechanical mixture of carbon and the metal, or that he thinks, 

(which is likewise contrary to the known fact), that the arithmetical 

mean of the specific gravities of the ingredients of a compound is the 

true specific gravity of the compound itself? 

ARTICLE XII. 

NEW SCIENTIFIC BOOKS 

PREPARING FOR PUBLICATION. : bil 

A Narrative of a Voyage round the World in the Uranie, Capt. 
Freycinet, dispatched on a Scientific Expedition by the French Go- 

yerpment during the Years 1817, 1818, 1819, and 1820; in a Series of 

Letters to a Friend. By, J. Arago, Draftsman to the Expedition. 

The Work will form a Quarto Volume, embellished, with 26 Engrav- 

ings... | i 

A Description of an Antediluvian Den of Hyznas, discovered, at 

Kirkdale, in Yorkshire, in 1821, and containing the Remains ofthe 

Sie Tiger, Bear, Elephant, Rhinoceros, Hippopotamus, and 16 

other Animals, all formerly Natives in this Country., With ia Compar 
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tative View of many ‘similar Caverns and Dens in England and Ger- 
many; and a Summary Account of the Evidence of diluvian Action 
afforded by the Forms of Hills and Valleys, and the general Dispersion 
of Beds of Gravel and Loam, containing similar Bones, over great Part 
of the Northern Hemisphere. By the Rev. W. Buckland, FRS. FLS. 
and Professor of Mineralogy. and Geology in the University of Oxford. 
Illustrated by a Map, Views, and Sections of the Caves and Drawings 
of the Animal’ Remains. 
A Treatise on Navigation and Nautical Astronomy, adapted to 

Practice and the Purposes of Elementary Instruction. By Mr. Reddle, 
of the Royal Naval Asylum. 

JUST PUBLISHED. 

' Illustrations of the Inquiry respecting Tuberculous Diseases. By 
John Baron, MD, Physician to the General Infirmary at Gloucester. 
With coloured Plates, 8vo. 15s. 

Lectures on the Structure and Physiology of the Male Urinary and 
Genital Organs of the Human Body, and on the Nature and Treat- 
ment of their Diseases, delivered before the Royal College of Surgeons. 
By the late James Wilson, FRS &c. 14s. 

Journal of an Horticultural Tour through Flanders,- Holland, and 
the North of France. By a Deputation of the Caledonian Horticul- 
tural Society, consisting of Mr. Neill, Secretary; Mr. Hay, Planner; 
and Mr. Macdonald, Chief Gardener at Dalkeith Park, With Plates, 
8vo. , 16s. 

A new View of the Infection of Scarlet Fever, illustrated by Re- 
marks on other contagious Disorders. By W. Carmichael, MD, FRS, 
Fellow of the College of Physicians, &c. 8vo, 5s, 

Articte XIII. 

NEW PATENTS. 

J. Witcher, Helmet-row, Old-street, mechanic, M. Pickford, Wood- 
street, carrier, and J. Whitbourn, Goswell-street, coachsmith, for an 
improvement in the construction of wheels,—Sept. 27. 

S. Pratt, bond-street, trunk-manufacturer, for improved straps and 
bands for the better securing of luggage.—Sept. 27. 

T. Binns and J. Binns, Tottenham-court-road, engineers, for improve- 
ments in propelling vessels, and in the construction of steam-engines, 
—Oct. 18. Bt Spon 

W. Jones, Bodwellty, Monmouthshire, engineer, for improvement 
in the manufacturing of iron.—Oct. 18. : 

S. Wilson, Streatham, Esq. for a new manufacture of worsted.— 
Oct. 18. 

U. Lane, jun. Lamb’s Conduit-street, straw-hat manufacturer, for 
an improvement in the platting of straw, and in manufacturing bonnets, 
&c. therefrom.—Oct. 18. 

J. Williams, Cornhill, stationer, for a method to prevent the frequent 
removal of the pavement and carriage-path, and for laying down and 
taking up pipes, &c.—Oct. 18. 
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Mr, Howard's Meteorological Journal, 

ARTICLE XIV. 

METEOROLOGICAL TABLE. 

[29°74 29°60 

Bakomeren, | 

Max. | Min. 

29°907/29 81 
30°10\29°81 
30°36|30° 10 
30°36/30°34 
30° 34'30:29 
30 29)30°05 
30°05)30°03 

30°07|30°03 

30°07|29°85 
30°35)29°87 
30°35|/30°19 

30 19)50°01 

30°01)}29°55 

| 

2961/29 35 
29°43|29-35 
29°7 1|29-40 
29°7 2|20°7 | 
29-9329°72 
29°90|29'78 
29 782975 
29 9829-78 
29 98,20°74 
29°99|29°74 
29°92\29°70 
29 7029-65 
29°70 2968 

29°58 29°46 
29°58 29°50 
weclin jects 

$0°36,29°35 

— 

THERMOMETER, 

Max. Min. 

61 55 
62 48 

58 38 

53. |. 40 
EG 46 

Ai Fs oy Ree: (0) 

58 | 38 

52) 49g 
rays) 39 

a 40 

50 ZK6) 

56 42 

50 33 

re | 40 

51 41 

AA 32 

51 45 

55 42 

56 41 
50 49 

51 40 

52 A5 

52 43 

55 45 

52 45 

55 45 

50 36 
45 36 

46 31 

A7 34 

62 28 

Evap. | Rain. 

a Dp iss) 

6! Bla Bld el ld teed Bl Isijal 1) tl dl del 

Daniell’s - hyg. | 
at noon. 
a 

The observations in each line of the table apply to a peried of twenty-four hours, 
beginning at 9 A, M. on the day indicated in the first column, A dash denotes that 
the result is included in the next following observation. 
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~ REMARKS. 

Eleventh Month.—\. Fine. 2. Cloudy. 3. Fine. 4, 5. Cloudy and fine, 

6—8. Fine, 9. Foggy. 10. Cloudy. 11. Morning, foggy. 12. Rain at night: 

day, fine. 13, 14. Cloudy. 15. Morning, fine: night, rainy. 16. Rainy. 

17, Cloudy and fine. 18. Cloudy. 19. Cloudy: night rainy. 20. Cloudy. 

21. Fine. 22. Cloudy. 23. Cloudy and fine. 24, Fine. 25. Fine. 26, Cloudy. 

27. Cloudy and fine, 28. Rainy. 29. Showers. 30, Showers: overcast. 

RESULTS. 

Winds: N,}; NE, 4; S,1; SW, 17; W,3; NW, 25 Var, 2. 

Barometer: Mean height 

For the month. .....cseecsecece eteeccescecceeecess 29°860 inches. 

For the luiar period, ending the 6th .......+sese0+-+ 29°860 
For 13 days, ending the 8th (moon north). ....-.... 30°048 

For 14 days, ending the 22d (moon south). .....++. + 29°824 

Thermometer: Mean height 

For Ghe mi0tth, » 5's cccccecsougateawe scewwcce pes SORE 

For the lunar period. .. cvcevsccscdscvesescvecsceseoe DUGG 

For 31 days, the sun in Scorpio .....sesecceesereees 50:000 

Evaporation. .....cccceccceccecccecccnscucsecsese? ee reeszeccese “9 

coeeee SAG Rikine 0'ssie vase nai idip v.csieeinne cavee ene cece asics seiceee ein eeiles 

Laboratary, Stratford, Twelfth Month, 21, 1822. R. HOWARD, — 
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ARTICLE I. 

Experiments and Observations on Indigo, and on certain Sub- 
stances which are produced from it by Means of Sulphuric 
Acid. By Mr. Walter Crum. | Lae ey, 

(To the Editor of the Annals of Philosophy.).., x 

SIR, 4. Glasgow, Jan. 1, 1823. 

In D1Go may be obtained in a state of tolerable purity by the 
ordinary process of agitating the- yellow liquid, which forms the 
dyer’s blue vat, with common air, till the deoxidized indigo 
which is there held in solution by lime-water is revived ; and 
then digesting the precipitate in dilute muriatic acid, to remove 
a little iron, and carbonate of lime, which it contains. ‘In this 
state, it is known by the name of -precipetated andigo, and must 
be distinguished from the powder so ealled.by Bergman, a sub- 
stance to which I shall refer more particularly in the sequel. It 
generally contains a small portion of sulphate of lime, and, as 

’ Dr. Thomson observed, a little resin, which is remoyable by 
alcohol. 

It has been long known, tliat when indigo is heated, it sub- 
limes. The first mention of this fact that I have noticed is 
contained in a work on calico printing, published in 1789 by 
O’Brien, a pattern drawer in London, who also gives a method 
for collecting the sublimate. ‘The curious may sublime indigo, 
and thereby procure flowers, ,as with zinc,:sulphur, &e.,.. For 
experiments on a small scale, it may be done ina common flask 

New Series, vou. v. G 
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over a common fire, defending the flask from the contact of the 
fire.” 

To prepare these flowers, Chevreul directs* that eight grains 
of common indigo in powder, in a covered crucible, should be 
placed upon burning coals; in which case the colouring matter 
will crystallize in the middle part of the crucible, from which it 
is to be detached with a feather when cold. J have never been 
able to obtain any quantity of it in this way ; part of it is always 
discoloured, and the whole of it is condensed upon the ashes, 
which are in the state ofa fine powder, and from which it cannot 
be detached without contamination. 

I succeeded, however, by another method to procure as much 
as I needed for my experiments, perfectly pure. I used the 
covers of two platina crucibles, nearly three inches in diameter, 
of such a form, that, when placed with their concave sides 
inwards, they were about three-eighths of an inch distant in the 
middle. I placed thinly about the centre of the lower one ten 
grains of precipitated indigo, not in powder, but in small lumps 
of about a grain in weight; then, having put on the cover, I 
applied the flame of a spirit-lamp beneath the indigo. In a 
short time, this substance partially decomposed, begins to melt, 
and the purple vapour to be disengaged, which is known by the 
hissing noise that accompanies it. The heat is continued till 
this noise nearly ceases, when the lamp is withdrawn, and the 
apparatus allowed to cool. Then, on removing the cover, the 
sublimed indigo will be found planted upon its imner surface, 
with sometimes a few long needles upon the bottom of the appa- 
ratus, which are easily removed from the button of coaly matter 
that remains. In this way I have generally obtained 18 to 20 
per cent. of the indigo employed; a small quantity unavoidably 
escapes, but [ am persuaded that very little more can, by any 
means of this kind, be obtained. I have made several attempts, 
by using different forms of apparatus, to prepare this substance 
on a greater scale; but have found none that answers so well 
as that which I have described. When the cover is kept cool, 
‘as by means of a wet cloth, none of the indigo condenses upon 
it. The interior of the apparatus being then comparatively cold, 
the vapour is condensed before it reaches the cover, falling back, 
or rather crystallizing upon the cinder. The same effect is pro- 
duced when ashes are formed instead of a fused coal; and pure 
indigo when pounded, and common indigo in any shape, always 
leave a quantity of loose matter. 

Those who cannot readily procure precipitated indigo for the 
purpose of subliming, may find it convenient to combine with my 
method, one lately given in the Journal de Pharmacie, by MM. 
Le Royer and Dumas. It consists in spreading about 30 grains 
of common indigo in coarse powder upon an opén silver capsule, 

* Annales de Chimie, tom. Ixvi. Avril, 1808, 
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and applying the heat of a spirit-lamp till all the sublimed indigo 
is formed upon the surface of the ashes. On repeating this pro- 
cess, I find that ten parts of commen indigo yield one of sub- 
limed indigo, which is, however, far from being pure. By 
resublimation in my apparatus, it is again reduced one-half from 
the loss of its impurities, and some vapour. 

I shall here describe what else takes place during the sublima- 
tion. Ten grains of precipitated indigo in the apparatus I have 
described yielded 

1:88 grain of sublimed indigo. 
6:44 grains of cinder remained, and consequently 
1-68 grain of volatile matter escaped. 

——-= 

10°00 

Thirteen grains of the same indigo, kept a quarter of an hour 
at a strong red heat in a small platina crucible, firmly, though 
not exactly closed, left 7-9 grains of cinder, which is equal to 
61 per cent. 

In order to ascertain what gases were evolved during this 
destruction of the indigo, I introduced 5°28 grains into a small 
glass tube connected with a mercurial trough. On applying the 
heat of a spirit-lamp, the vapour of indigo was formed, and 
condensed in the colder part of the tube, but was at last 
destroyed by repeated applications ofheat, A quantity of water 
appeared in the tube, and 0:96 cubic inch of gas was found 

in the receiver. On removing the tube, it was found to have lost 
in weight 0:71 grain, or 13°5 per cent. of the indigo employed. 
The water that was formed had a disagreeable burnt ammonia- 
cal smell. I found, on analyzing the gas in the receiver (making 

allowance for the common air of the apparatus, and a small por- 
tion of gas remaining in the tube), that it consisted for 100 of 

indigo of 

Carbonic acid 15... 0. ene ecsenes stere cnet 2° 
Carburetted hydrogen and carbonic oxide........ 0°8 
ae Se CRIN GRA SRRr ae re ei ee oir 1-9 
The difference between the sum of these and the 

loss 13:5 was water, with a little ammonia. .... 

Sublimed Indigo. 

Indigo sublimes in long: flat needles, which readily split when 
they are bruised into four-sided prisms. 

Viewed at a particular angle, they have the most brilliant and 
intense. copper colour; but when lying in heaps, they have a 
rich chesnut-brown colour; one that would be produced by mix- 
ing a very little yellow with a bright but deep reddish purple. 

esides these needles, this substance is found in the form of 
G2 
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plates, much broader than the needles, and extremely thin ; 
twisted sometimes almost into tubes. These appear to the 
naked eye perfectly opaque. I was not a little pleased, how- 
ever, with their unexpected appearance, when seen through the 
microscope. Viewed obliquely, they appear still opaque, and 
copper coloured like the needles ; but when held perzendicularly 
to the rays of light, they are seen to be transparent, and of a 
beautiful blue colour, exactly similar to a dilute solution of indigo 
which has been acted upon by sulphuric acid. Their intensity 
varies, according to the thickness of the plate, from a blue just 
distinguishable from white, to one almost black. The bronze 
colour which these crystals assume when in heaps is obviously 
a mixture of the copper colour with this blue. : 

The vapour of indigo is transparent, and of a must beautiful 
reddish-violet colour, resembling a good deal the vapour of 
iodine, but sufficiently distinguished from it by the shade of red. 
The sublimation takes place at the heat of about 550° Fahren- 
heit; for the vapour rises at a heat lower than that of melting 
lead, and requires more than the melting heat of bismuth. 
Upon the rough bright surface of the lead, I observed some of 
the crystals melt while the vapour was rising; but 1 have in no 
other circumstances remarked any thing like fusion, till the sub- 
stance was decomposed. Hence the melting point of indigo, 
its point of volatilization, and that at which it is decomposed, 
are remarkably near each other. 

The specific gravity of sublimed indigo is 1°35. 
These crystals sublime when heated in open vessels, leaving 

no residue. In close vessels, the vapour is at first reddish- 
violet, as in the open air; but as the heat advances, it acquires 
a tinge of scarlet; and before it is entirely decomposed, becomes 
deep scarlet, and then orange coloured : a quantity of charcoal 
is at the same time deposited. 

Action of Oils—Of the essential oils, oil of turpentine dis- 
solves at its boiling heat as much indigo as gives it the fine 
violet colour of the vapour of indigo, but a slight reduction of 
temperature is sufficient to precipitate the whole of it. The 
fixed oils and fatty substances, as they may be heated to a higher 
degree, exert a more powerful action upon indigo. None of 
them that [ have tried act upon it at the heat of boiling water ; 
but when the heat is increased, they gradually dissolve it, acquir- 
ing the colour of its vapour much more deep than oil of turpen- 
tine does. Ifthe solution be cooled at this period, the indigo 
precipitates blue. As the heat is continued, mure of the indigo 
is dissolved, but the colour of the solution begins to change; it 
gradually inclines to crimson, and has then begun to be 
destroyed. It is now green when cooled. Heated still more, 
the solution is of a strong crimson; then becomes orange; and 
at last, when entirely decomposed, it is yellow, which colour it 
retains when cold. 
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Determination of the Ultimate Constituents of Indigo. 

The apparatus which I employ for the analysis of indigo with 

peroxide of copper, is simply a tube of green glass, seven inches 
long, and three-eighths of an inch wide, shut at one end, and 
connected with a mercurial! trough by means of a small bent tube, 
joined to the other by a tube of caoutchouc firmly tied. 

The indigo is first ground with a quantity of peroxide of cop- 
per, and when that is introduced into the tube, another portion 

of peroxide is put over it, and then some metallic copper thrown 

down from its sulphate by a plate of zinc, and ignited in a close 
vessel. Lastly, | fill up the remaining space (about a couple of 
inches) with a piece of glass tube, shut at both ends, which 
nearly fits the other. This keeps the materials in their place, 

and reduces as much as possible the quantity of common air in 

the apparatus. The tube is then heated with three spirit-lamps, 

of which two keep the metallic copper and the pure peroxide at 
a red heat; while the third traverses gradually that part of the 
tube which contains the indigo. 

When I began these experiments, I took the usual precaution 

of heating the peroxide of copper to redness immediately 
before I made use of it. I soon found, however, that before I 

could get the vegetable matter ground with it, and introduced 
into the tube, it had attracted a quantity of water from the air, 

which varied according to the hygrometric state of the atmo- 
sphere, and of course, the length of time employed. It then 
occurred to me that all error from this source would be obviated, 

if I allowed the peroxide to be saturated with moisture, by leav- 

ing it freely exposed to the air, and at every analysis (at least 

when the state of the atmosphere changed), press 150 grains of 
it into a small platina crucible which just holds that quantity, 
heat it dull-red within another crucible, and ascertain its loss of 
weight without removing the cover.* 

I have in this way made several analyses of indigo, which 

differed very little from each other. 1 choose the following one 
as being nearly a mean of the rest : 

Analysis.—One grain of sublimed indigo was ground with 90 
grains of peroxide of copper; 25 grains more were put over it in 
the tube; and above that, 30 grains of metallic copper. These 
substances contained 0:11 grain of water. 

* Berzelius has pointed out the instantaneous attraction of water by the oxide of cop- 
per (Ann. de Chimie, xvii. 27), and cautioned chemists against the fallacy arising from 
the neglect of it; and M. de Saussure, in a note to his analysis of hog’s lard (Ann. de 

Chimie, xi. 395), makes a general remark upon those analyses where peroxide of cop- 

peris employed. “‘ Ses resultats”’ (those of M. Berard), ‘* ainsi qu’un grand nombre 
de ceux obtenus par ce procédé, m'ont paru pécher par excés d’hydrogéene.”” This 
excess is owing in all probability to the neglect of a small portion of water attracted by 

the peroxide. I have found 100 grains when newly prepared take as much as 3-!0ths 
of a grain of water for saturation in damp weather. When it has been several times 
used, it does not take so much, 
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The tube, after the operation, had lost in weight 3:17 grains, 

of which 1 grain being indigo, and 0-11 grain water from the 
copper, 2°06 grains were oxygen supplied by the peroxide. 
The gas in the receiver was = 6°46 cubic inches, mean temper- 
ature and pressure. Of this, potash absorbed 5°82 cubic inches, 
leaving a residue of 0:64 cubic inch. 

This residue consists of the common air of the apparatus, 
together with the azote contained in the indigo. By filling the 
mouth of the tube, as I did, with a round piece of glass, and 
using a very small conducting tube, scarcely any empty space is 
left in the apparatus ; but the peroxide of copper, being a very 
loose substance, and merely shaken down into the tube, without 
being pressed, enclosesa quantity of air, which is very consider- 
able. This, on the idea that the quantity was trifling, has 
sometimes been neglected altogether; but more frequently as 
much of it as possible has been driven out, by heating a part of 
the tube, previous to the commencement of the experiment, and 
the remainder neglected. A very simple and obvious method of 
ascertaining with accuracy its amount, consists in making an 
analysis of any vegetable substance, as sugar, which contains 
no azote, in the same apparatus, and with the same quantity of 
materials. Here nothing passes into the receiver but carbonic 
acid, and the whole of the common air which the apparatus con- 
tained. The former, being absorbed by means of potash, leaves 
a quantity of common air, exactly equal to the common air in the 
indigo experiment ; of course the difference between that, and 
the total residue of gas obtained from indigo, is azote. I thus 
found that the apparatus which I employed contained 0°26 cubic 
inch of common air; which, being deducted from the total 
residue after absorption by potash 0°64, leaves 0°38 cubic 
inch, or 0'1126 grain of azote, as the quantity of that substance 
in a grain of indigo. This method, as well as that of estimating 
the water in peroxide of copper, [ communicated to Dr. Ure, 
when I mentioned to him the existence of hydrogen in indigo. 

The 5°82 cubic inches carbonic acid gas + 0:08 which I 
found to remain in the apparatus = 5:9; and this, allowing for 

29-1 —0°676 
291 

bonic acid gas, which consist of 0°7322 grain carbon, and 1-952 
grain of oxygen. But 2-06 grains of oxygen were taken from 
the peroxide of copper, which is 0-108 grain more than was 
necessary to burn the carbon. This indicates 0°0135 grain of 
free hydrogen.* The remainder is oxygen and hydrogen in the 

aqueous vapour, is 5:9 = 5'762 eubic inches dry car- 

* The results of two careful experiments made at different times with loaf sugar, 
exactly in the same manner as with the indigo, perfectly satisfied me as to the accuracy 
of this part of the experiment. ‘I hough the quantities of carbon were not precisely alike 
in these two experiments, the loss of weight sustained by the peroxide, after deducting 
the water it contained, was exactly equal to the respective quantities of oxygen in the 
carbonic acid, calculated in the same manner as in the text. In one case, I obtained 
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proportions which form water. Hence the composition of 
indigo is 

1 Carbon iin veveeccssedecdeccsdees 13°22 
ASHES CITI Ne BUN GS eee 'd dd 4126 
Onygen iy G25. 4i ooh Hoe DOES Hoses B2:60 
Hydrogen) 23d nis Jogi Ga e292 

100-00 
These numbers correspond very nearly to 

P atom. Of aZ0te ..sesedene . 1'7 OF L0%Z7 
2 atoms of oxygen........ 200 1231 
4 atoms of hydrogen...... 0°50 3°08 
16 atoms of carbon ........ 12°00 73°84 

16°25 100-00 

The gas remaining in the apparatus at the conclusion of the 
experiment, was estimated by heating the same tube with an 
equal quantity of peroxide of copper without organic matter, and 
observing how much air was driven over into thereceiver, The 
difference between this and the whole air, as found in the sugar 
experiment, is pretty nearly the bulk of gas remaining. The 
temperature of the gas when measured was 58°, and the barome. 
tric pressure 29°] inches. 

I have also made several analyses of well-dried precipitated 
indigo; and allowing for a minute portion of sulphate of lime 
which it contained, [ got results which agreed perfectly with the 
analyses of sublimed indigo. I find too, that both these sub- 
stances are acted upon in the same manner by other bodies, 
The different effect of heat depends obviously, upon some differ- 
ence in the mechanical arrangement of their particles. 

Brugnatelli has proposed to call this sublimate indzgogen, 
because, when united to the fecula of the plant, it forms common 
indigo. But such a nomenclature is inadmissible in chemistry, 
Upon the same principle, potash ought to be called potassogen, 
because, when united to ceriain foreign substances, it forms 
crude potash, ‘The same chemist considers this substance as a 
metal, because, as M. Von Mons informs us,* he found it might 
be amalgamated with mercury. Dobereiner repeated this expe- 
riment of Brugnatelli, and formed not only the amalgam, but 

41-55 per cent. of carbon, and in the other 42:14. The means of these give the follow- 
ing for the composition cf sugar: 

CATON aiatels sich aida wes «'50.0 sacs A1'8 
OSYPCU se ccc ccccseneattes 51°T 

wate yeaa slo «cle piey eqelenic cose 65 

100-0 

It is needless to add that the sugar was in both eases dried at 212° in a vacuum, 
* Annals of Philosophy, vi. 15. 
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what is still more wonderful, by placing this amalgam in a solu- 
tion of nitrate of silver, he obtained crystals in the form of an 
artichoke, which were an alloy of the metal of indigo with silver. 
In consequence of these statements, I made several attempts to 
amalgamate sublimed indigo, as well by the process of Doberei- 
ner, as by others which I thought more likely: to succeed, but in 
vain. J could in no case perceive the least alteration in the 
fluidity of the quicksilver. 

Action of Sulphuric Acid upon Indigo. 

When indigo is digested in concentrated sulphuric acid, it is 
well known to suffer a remarkable change, being converted into 
a peculiar blue substance, entirely different from indigo, with 
which the Saxon blue is dyed. 

This substance has been so little attended to by chemists that 
no one has yet thought of giving it a separate name. I shall 
venture to propose for it that of cerudin, from the colour of its 
solution. 

The mixture of the blue substance with sulphuric acid is a 
semifluid, which requires a considerable quantity of water to 
dissolve it. When potash is added to this solution, previously 
filtered, a deep-blue precipitate is formed. I was surprised, 
however, when making the experiment, to find the precipitate 
as plentiful before one-fourth of the acid was saturated, as when 
the solution was made altogether neutral. To another portion, 1 
added potash previously saturated with sulphuric acid, and found 
the same precipitate formed as with potash alone.* I threw the 
precipitate upon a filter, and washed it with water, in order to’ 
examine whether it was the pure colouring matter that had 
separated. The first washing did not take away much of the 
precipitate; the next, however, sensibly diminished it; but with 
the third portion of water, it almost wholly disappeared. 

In order to discover the cause of this increased solubility, I 
made a saturated solution of sulphate of potash in water, and, 
putting into it a little of the blue pulpy substance that remained 
upon the filter, I agitated it thoroughly. The solution remained 
altogether colourless. I found the same to be the case when 
the muriate, the acetate, or any other salt of potash, was 
employed. Alcohol also, and ether refused to dissolve this 
substance. Put into pure water, however, it immediately dis- 
solved, forming the same deep blue solution that had passed 
through the filter. 

* That the solution of indigo in sulphuric acid is precipitated by neutral salts is not 
anew fact. Berthollet-(Art of Dyeing, ii. 50) says, that the ‘‘ fixed alkalies saturated 
with carbonic acid,” as well as ‘‘ alcohol, saturated solutions of alum, sulphate of soda, 
or other salts containing sulphuric acid,” form precipitates in this solution. My expe- 
1iments show, I think, that the effect does not depend upon the presence of sulphuric 
acid in the precipitant ; that some sulphates haye no such effect; and that alcohol does 
not precipitate the original solution at all, 
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It seemed then only necessary to dissolve in water some salt 
of potash, to enable it to wash this substance without dissolving 
it. I found the acetate to answer extremely well, and this salt 
possesses the advantage over the muriate or sulphate of not 
being precipitated by alcohol from a weak solution in water, as 
they are. [t may consequently be afterwards removed by wash- 
ings with alcohol. 

Such edulcorations with acetate of potash, I repeated so often 
upon a quantity of precipitate, taking it every time off the filter, 

and agitating it well in a phial with the liquid, that not <anoth 

of a grain of. the original soluble matter could be left in it. I 
then washed away the weak solution of acetate of potash as well 
as possible by means of alcohol, without, however, being able to 
remove all traces of that salt, although I used the alcohol some- 
what dilute. The small quantity that remained could not mate- 
rially affect the experiments | made upon it. 

A portion of the substance thus prepared, when burnt in a large 
platina crucible, left a considerable quantity of ashes, slightly 
reddish coloured, which dissolved almost entirely in water. 
What remained was of a deep red, or rather brown colour, and 
was principally oxide of iron. The solution of the ashes. was 
not at all alkaline; it gave a dense white precipitate with 
muriate of barytes; a very slight one with oxalate of ammonia ; 
and with sulphate of alumina, large crystals of alum were 
formed in a few hours. It was sulphate of potash. 

To remove all doubt of the precipitate having been sufficiently 
well washed to take away from it every thing that was not really 
insoluble in the menstrua I employed, and consequently the 
sulphate of potash, if that substance were not chemically com- 
bined with the cerulin, I mixed a large quantity of muriatic acid 
with the original solution in sulphuric acid, and formed the pre 
cipitate by means of muriate of potash. Then, having washed it 
as before, with the solution of acetate of potash, and afterwards 
with alcohol, I found that the solution of the ashes when the 
substance was burnt, gave indications with muriate of barytes, 
of abundance of sulphuric acid; while with nitrate of silver, no 
precipitate appeared ; a quantity of small shining crystals alone 
being deposited after some time, which were sulphate of silver. 
From these facts, [ have no hesitation in concluding that this 
recipitate is a combination of cerulin with sulphate of potash. 
hat salt forms more than a fourth of its weight. It may, 

therefore, be called ceruleo-sulphate of potash. 
The salts of soda also form precipitates in the solution of 

cerulin with sulphuric acid, and these are likewise insoluble in 
solutions of potash or soda, though soluble to a certain extent in 
pure water. When heated, these ceruleo-sulphates dissolve 
even in solutions of their salts. On cooling, the greater part falls 
down again in blackish grains; a portion, however, remaining 1n 



90 Mr. Crum on Indigo. [Frs. 

solution. The soda compound is evidently more soluble than 
that of potash. The washings of the former precipitate, with a 
cold solution of its acetate, are a little more coloured than those 
of the potash precipitate, with its acetate of the same strength. 
This last substance is totally insoluble in water containing one 
per cent. of acetate of potash, or even a half per cent. after two 
or three edulcorations. 1 have generally employed a solution of 
two parts dry acetate of soda in a hundred of water; and any 
quantity of such a liquid may be used without the quantity of 
the substance being materially diminished, 

The salts of ammonia likewise form precipitates in the sul- 
phuric solution of cerulin, when not much diluted. The preci- 
pitate dissolves readily m hot solutions of ammoniacal salts, and 
again separates when cold, the whole mass becoming curdy. | 
believe this substance to be a combination of cerulin with 
sulphate of ammonia, from the quantity of that salt which I 
found in it, when as well washed as possible. It is much more 
soluble, however, than the ceruleo-sulphates of potash and soda, 
and, therefore, cannot be washed so freely as these fixed alka- 
line compounds. Potash and soda, and their salts, decompose 
it. It dissolves in great quantity im boiling pure water, and in 
40 or 50 parts of cold water. It has the same general proper~ 
ties with the more insoluble compounds. 

. A corresponding combination with barytes may be formed by 
decomposing ceruleo-sulphate of potash by muriate of barytes. 
The compound formed is extremely insoluble. An abundant 
blue precipitate is thus formed in soiutions of ceruleo-sulphate 
of potash, containing so little sulphuric acid, that they are not 
troubled in the slightest degree by a barytic salt, when the 
eerulin has been previously destroyed by nitric acid. 

Similar compounds may be formed with other bases, whose 
sulphates are difficultly soluble in water; but these I have not 
particularly examined. 

The salts of magnesia have no power of precipitating cerulim 
from its solution. The whole of the sulphuric acid in the original 
solution may be saturated with magnesia, without any precipitate 
being formed. 

Ceruleo-sulphate of Potash. 

This substance is of so deep a blue, when wet with water, as 
to appear absolutely black. When dry, it has a shining strong 
copper-red colour. By transmitted light it is blue. It attracts 
water from the air with great rapidity. In two hours, a portion 
which had been dried attracted a tenth of its weight. 

It is soluble to a considerable extent in hot water. Cold water 
r i ' ; . 

takes up jioth of its weight of this substance, and forms a solu- 

tion so deeply coloured, that when diluted with 20 parts of water 
in a phial of an inch in diameter, it may just be seen to be 



1823.] Mr. Crum on Indigo. 91 

transparent, Water in a wine glass containing szomaoth of its 

weight of this substance is distinctly blue coloured. 
The saturated solution is precipitated by spring water, and 

by every liquid that I have tried, except distilled water. From 
this it appears that the mere presence of any foreign substance 
in pure water greatly diminishes its solubility. 

If the solution be diluted with 20 parts of pure -water, it is 
still precipitated by solutions of the salts of potash and soda, 
lime, barytes, strontian, lead, and mercury. An addition of 
sulphuric or muriatic acid does not redissolve them. But nei- 
ther ammonia nor any of its salts precipitate this weak solution. 
None of the salts of magnesia, zinc, or copper, nor the solutions 
ofalum, sulphate of manganese, permuriate of tin, protosulphate 
or persulphate of iron, or nitrate of silver, decompose it. It is 
not precipitated by any of the acids, by infusion of galls, or 
‘by pure gelatine. Alcohol and ether do not precipitate the weak 
aqueous solution, though they do not dissolve any of the dry 
substance. Ceruleo-suiphate of potash dissolves readily in con- 
centrated sulphuric acid, but not in concentrated muriatie acid. 

When chloride of tin is mixed with the solution of this sub- 
stance, its colour is immediately changed to yellow. This 
yellow product is not very soluble in water; it becomes blue 
again on the addition of any substance, as a salt of copper, capa- 
ble of imparting oxygen to it. 

When heat is applied to the blue substance, it does not melt ; 
no purple vapour is given off, and in consequence of its being 
defended by the saline matter, a strong heat long applied is 
necessary for its being reduced to ashes. 

When luminous objects, as the sun or moon, or the flame of a 
eandle, are viewed through the blue solution of this substance, 
of the proper degree of intensity, they appear of a fine rich 
scarlet colour. It is worthy of remark, that a single drop of 
nitrate or sulphate of copper, mixed with a quantity of this 
solution, makes the same objects appear blue through it, although 
the general appearance of the liquid is not in the least degree 
altered. Zinc produces the same effect, though not so power- 
fully. Any acid restores to these mixtures the property of mak- 
ing luminous objects appear red, unless when a large quantity 
of copper has been added, which makes the liquid itself green. 

Sir H. Davy* was the first to discover that a vegetable sub- 
stance had the power of precipitating in combination with 
certain neutral salts, which are themselves abundantly soluble in 
water. The carbonates of potash, soda, and ammonia, and the 
chlorides of tin and of iron, are among the substances which 
that philosopher found undecomposed in combination with 
tannin, in the precipitates formed by these salts in an infusion of 

* On Astringent Vegetables, Phil. Trans. 1803. 
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galls. It appears that cerulin acts a similar part, at least with 
the sulphuric salts. I am not aware, however, that any sub- 
stance has been hitherto described by chemists which possesses 
the property I have found in the one here treated of, that of 
dissolving in pure water, and refusing to do so in neutral saline 
solutions which produce no change upon it. But in common 
life, some idea of this singular fact seems to have been long 
acted upon. Those who are in the habit of washing printed 
gowns, particularly dark ones, of colours not very permanent, 
always rince them in a solution of common salt, or at least in 
very hard water, before they hang them up to dry. The salt, 
they say, fixes the colour, and prevents it from spreading -out 
into the white, which it always does when they are suffered to 
dry in a cool place, without such immersion. 

On the Phenomena which are exhibited during the Formation of 
Cerulin. 

Some of the phenomena which attend the action of sulphuric 
acid upon indigo, have been noticed by different chemists. 
Bergman, in 1776, observed, that when indigo in powder was 
sprinkled upon sulphuric acid, greenish clouds were produced, 
which became blue by the addition of a drop of water.* He 
added that the same effect was produced, but more slowly, with- 
out water. Haussman, of Colmar,+ observed, that the acid in 
contact with indigo, became at first greenish-yellow, then deep- 
green, and at last blue. That gentleman remarked also, that 
the ‘ effervescence and disengagement of sulphurous vapours, 
always observed in making the blue compound, leave no room 
to doubt that the acid exerts an action upon the particles of 

indigo, and that we should be wrong in considering this as a 
mere solution of indigo unaltered.” Berthollet, in his excellent 
work on Dyeing,{ considers the change that takes place a spe- 
cies of combustion ; the sulphuric acid furnishing the indigo 
with oxygen, and thereby being converted into sulphurous acid. 
Dr. Bancroft, whose work appeared soon after that of Berthol- 
let, conceived the solution to be oxygenated indigo combined 
with sulphuric acid. Hence he gave it the name of sulphate of 
indigo.§ ; 

Such, as far as my information goes, is the extent of our know- 
ledge, or rather our opinions, upon this subject. I shall state 
what appearances I have myself observed during this process. 
When indigo is put into sulphuric acid, it is dissolved, and the 

acid assumes a yellow colour. When this solution is dropped 
into water, it becomes instantly blue ; but the substance so pro- 
duced is by no means the same as that which is formed after 

* Opusc. tom. vy. p. 7. Edit. 1788. 
+ Journal de Physique for March, 1788. 
t Vol. ii. pp. 50, 66, English translation. 
§ On Permanent Colours, pp. 104, 132. 
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some time, without the assistance of water. It is indigo altoge- 
ther unchanged, which precipitates, and leaves the sulphuric 
acid perfectly colourless. If the yellow solution be exposed to 
the open air in a watch glass for a short time, the blue colour is 
restored in the same manner, and the indigo falls down. This 
effect is produced, not by the action of the air, but merely by 
the absorption of moisture. 

A considerable increase of heat takes place when the two 
substances are put together. There can be little doubt that this 
is caused by the sulphuric acid abstracting and combining with 
the 14-2 per cent. of water contained in the indigo. 

If the yellow solution above mentioned be allowed to remain 
without dilution, it becomes blue in a few hours, and this is 
effected without the assistance of air, as I found by making the 
experiment in a small phial, the mouth of which was sealed up, 
as soon as the materials were put together. In consequence of 
the darkness of the liquid, these changes of colour can only be 
observed in the thin film which wets the empty part of the phial, 
when it is agitated. 

All the chemists who have treated of this process, mention the 
formation of sulphurous acid during the solution of indigo, and, 
attributing this to the action of the indigo itself upon the acid, 
they naturally concluded that that substance became oxidated at 
the expense of the acid. But these chemists employed only the 
indigo of commerce in their experiments ; a substance which con- 
tains more than half its weight of impurities, and great part of 
these vegetable matter. 1 have found that it is these impurities 
alone which decompose the acid; for during the solution of 
sublimed indigo, not a trace ofsulphurous acid can be detected, 
though the heat of boiling water be applied for hours. Neither 
is there any production of hyposuiphuric acid ; for, if there were, 
it would be decomposed by the heat to which the liquid was 
exposed, or even by the presence alone of concentrated sul- 
phuric acid, in which case sulphurous acid gas would be 
given off. ; 

In less than 24 hours, if a slight degree of heat be applied, 
the indigo, is entirely converted into cerulin; and, when mixed 
with water, it passes through the filter, leaving no residue 
whatever. 

On the Constitution of Cerulin. 

Since there is no production of sulphurous acid, nor absorption 
of air, during the formation of cerulin, it is clear that there can 
be no oxidation either of the carbon or hydrogen previously 
existing in the indigo. No carbon being deposited, and no gas 
evolved, during this process, prove also that the azote exists in 
the new substance, in the same proportion to the carbon that it 
does in indigo. That sulphuric acid does not enter into its compo- 
sition, is evident from its precipitating with almost any sulphuric 
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salt, and carrying down no additional sulphuric acid of its own. 
It is only in the amount of combined water, then, that any alte- 
ration can possibly have taken place, and to ascertain whether 
in this case there has been an abstraction, or an addition of 
water to the indigo, it were onlv necessary to convert a given 
weight of that substance into cerulin, and to weigh the product, 
as M. de Saussure has done in the case of starch sugar. There 
are difficulties, however, which prevent such an experiment 
from being performed with any precision; principally the large 
quantity of sulphuric acid necessarily mixed with the product, 
and the solubility of the substance in water. I have contented 
myself with analyzing, by means of peroxide of copper, the 
ceruleo-sulphate of potash, after having ascertained as nearly as 
possible, by incineration, how much saline matter it contained. 
But, as this caunot be done with absolute precision, owing to the 
dissipation of a small portion of acid along with the vegetable 
matter, my results, particularly with regard to the hydrogen, 
were by no means so uniform as those which I obtained when 
operating upon indigo. All that is really necessary in this case, 
is to determine the quantity of carbon, which may be done with 
very little risk of error. The deficiency, after adding to the 
carbon the proportion of azote, and of free hydrogen found in 
indigo, is water. 

Accordingly, I first of all dried a quantity of the blue sub- 
stance at the heat of 212° in vacuo, and having weighed it as 
rapidly as possible, I exposed it to the air during a whole night, 
_and noted the increase of weight from moisture. One portion of 
this was burnt to ashes. Another portion was ground with per- 
oxide of copper, and the carbonic acid it produced was received 
over mercury. In this manner [ found that 1 grain of pure 
cerulin yielded 4°5 cubic inches dry carbonic acid gas, which is 
equivalent to 0°5718 grain of carbon, reckoning 0°12708 grain as 
the quantity of carbon in a cubic inch of gas. The composition 
of the substance consequently is : 

RRR jos. <y005 05 oubinita as §n.2 eimme 6 dt es LS 
AZOLE... vais pan iapfert:sfeanas onal ash werk 8°79 
DEO o| » ns ohlbe <wii dengoashs + as acne . 29°32 
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This approaches so near to indigo + 4 water, that there can be 
little doubt such is its constitution. 
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The quantity of azote in proportion to the carbon, I found by 

experiment to be the same as in indigo; but as all my attempts 
failed to determine the amount of free hydrogen, I preferred 
stating all the numbers after carbon, by calculation from the 
‘analysis of indigo, which is susceptible of much greater preci- 
sion. The heat of aspirit-lamp is quite sufficient for the analysis 
of most vegetable substances which are not mixed with saline 
matter; but with cerulin, it is necessary to employ the full red 
‘heat of a charcoal fire for its entire combustion by the peroxide 
of copper. 

There is not the slightest proof that any combination exists 
between cerulin and sulphuric acid in the original liquid. Alka- 
lies, it is true, precipitate it from the solution; and this has 
been supposed to be the effect of a superior attraction on the 
part of the acid for the alkali, by which the vegetable substance 
was left at liberty ; but such a theory falls to the ground as soon 
as it becomes known that neutral salts produce exactly the same 
effect; that magnesia does not precipitate it at all, though it 
neutralizes the acid; and that cerulin is itself soluble in water. 
Cerulin dissolves, indeed, in sulphuric acid, and that more - 
abundantly than in water ; but this does not argue the formation 
of a compound which we are entitled to call sulphate of indigo. 
Such a solution differs in no respect from that of resins and other 
organic bodies in the same acid, or even from the solution of 
these substances in alcohol or ether. 

Those who are fond of speculating upon the manner in which 
the elements of water are arranged in organic bodies, may find it 
curious that sulphuric acid should abstract water from indigo, and 
not from cerulin, a substance which contains three times as much 
oxygen and hydrogen; or that the same acid which robs indigo 
of its water, should immediately restore three times as much. 

On a new Substance produced from Indigo by Means of 
Sulphuric Acid, 

While engaged, with these experiments, I discovered that if 
the action of sulphuric acid upon indigo be stopped at a certain 
point, a new substance, altogether different from cerulin, is pro- 
duced, possessing rather singular properties. It is formed at 
the instant that indigo changes from yellow to blue by the action 
of sulphuric acid. 
By the following process, it is obtained of greater purity than 

by any other method I have been able to discover. Prepare a 
quantity of indigo by boiling it in sulphuric acid diluted with 
three parts of water, and drying, after it is well washed. By 
such treatment, it is deprived of more than a third of its weight 
of impurities. Mix one part of this purified indigo with seven or 
eight parts of concentrated sulphuric acid in a stoppered phial, 
and agitate the mixture occasionally, till it becomes of a bottle- 
green colour. Then mix it with a large quantity of distilled 
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water, and throw it upon a filter. By continuing to wash the 
filter with distilled water, the liquid which at first passes through 
colourless becomes more and more blue, and after some time, 
all the indigo which has been changed, passes through. The 
colourless washings must be thrown away. The blue liquid con- - 
tains the newsubstance in solution, and does not differ in appear- 
ance from a solution of cerulin. On the addition of muriate of 
potash, the new substance precipitates of a most beautiful 
reddish-purple colour, exactly similar to the colour of the vapour 
of indigo. Let this precipitate be thrown upon a filter, and 
washed with distilled water, till the liquid which passes through 
forms no longer a whitish, but a red precipitate with nitrate of 
silver. It may then be dried. 

If instead of precipitating by means of muriate of potash, we 
take the blue liquid which passes through the filter after all the 
sulphuric acid has been washed away, but while it is still deeply 
coloured, and evaporate this to dryness, we obtain the new sub- 
stance, not purple coloured, but blue, like ceruliu; and but for 
the difficulty of separating entirely the sulphuric acid, this would 
be the best method of preparing it. Indeed in no other way is it 
obtained free from saline matter. 

From the property possessed by this substance of becoming 
purple-coloured on the addition of a salt, I have called it 
Phenicin, from the Greek word going, purple; and, to prevent 
circumlocution, I shall hereafter make use of this term. 

This substance, prepared with muriate of potash, is, when 
dry, of a brownish-black colour. Heated in a erucible, it gives 
off a little vapour of indigo. I was at first uncertain whether this 
might not proceed from indigo formed by the decomposition of 
part of the phenicin by the heat; but I shall state a fact which 
shows that the indigo may have another source, and that it may 
exist in a small quantity in the purple substance. After the 
filter is washed, till the washings are very slightly blue coloured, 
the liquid that passes through is precipitated blue, instead of red, 
by muriate of potash, and the precipitate consists of indigo with 
a little phenicin. Thus it appears that even indigo is, in certain 
circumstances, capable of dissolving in water. By drying the 
phenicin, prepared as I have stated, and redissolving it, a small 
quantity of indigo remains; but still the phenicin yields a little 
purple vapour when heated. 

hen the purple substance is burnt, it leaves about 15 per 
cent. of ashes, which dissolve in water, and consist of sulphate 
and muriate of potash. 

Phenicin dissolves both in water and alcohol, and the solution 
in both cases is blue. It is precipitated again of its original 
purple colour by all saline substances whatever. Different salts, 
however, possess different powers of precipitation. Thus muriate 
of ammonia, chlorate and prussiate of potash, and muriate of 
soda, precipitate the phenicin entirely from about 60 times their 
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weight of any aqueous solution, and nitrate, muriate, and sul- 
phate of potash, from about 100 times their weight. But the 
sulphates of magnesia, zinc, and copper, precipitate 2000 times 
their weight of a solution of phenicin; sulphate of iron about 
3000 times ; and alum and muriate of lime as much as 8000 
times. 

The phenicin being previously combined with a salt of potash, 
is not altered by being again precipitated by any alkaline salt. 
These salts do nothing more than saturate the water to such a 
degree, that the substance is no longer capable of dissolving in 
it. But the earthy and metallic salts combine with this substance, 
and displace the salt of potash previously united with it; and L 
have observed very little difference in the quantities necessary to 
precipitate solutions of different strengths. The precipitates 
formed by lime, barytes, alum, and copper, are totally insoluble 
in pure water, however well they may be washed. Those formed 
by iron and magnesia dissolve to a small extent, when freed 
from their former menstrua by filtration, Their solution is 
purple coloured. 

Acids have no effect in preventing the precipitation of pheni- 
cin by saline bodies ; and the precipitates once formed are not 
redissolved in the same liquid by the assistance of heat. 

The method which I have given for preparing the new sub- 
stance is tedious, As only a small part of the indigo is converted 
into phenicin, the quantity obtained each time is very small, and 
requires a great quantity of distilled water, and a long time to 
filter. But if we allow the indigo to be wholly converted into 
phenicin, its solution cannot be made to pass through any filter, 
however porous, or however well washed it may haye been with 
water orammonia. It was by accident that I discovered the 
peer abty of filtering it when only a small portion of the indigo 
ad had time to be changed ; and it was only by preparing it in 

this manner that I found the purple colour to be owing to the pre- 
sence of saline matter, and its own colour to belike that of cerulin. 

The following is a method of preparing this substance in 
greater quantities, though not so pure. Mix together one part 
of indigo in. powder, and 10 parts of concentrated sulphuric 
acid, ina phial, and agitate from time to time, till the blue colour, 
which the indigo loses at first, is completely restored. This, at 
the ordinary heat of summer, requires nearly three hours. At 
100° Fahr. it is effected in about 20 minutes ; and indigo mixed 
with sulphuric acid, at the heat of boiling water, becomes blue 
the instant the mixture is made. At 45° Pahr. 10 or 12 hours 
are necessary ; and at lower degrees of heat, a still longer time, 
supposing always the quantity of materials small enough to cool 
very soon after mixture to the stated point. Pour this mixture 
into a large quantity of distilled water, and filter, Take the pre- 
cipitate off the filter, wash it well with distilled water, contain- 

New Series, vot.v. i 
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ing the proportion of muriate of ammonia necessary to prevent 
the substance from dissolving in it, and filter again. Dissolve 
anew the precipitate ina large quantity of distilled water ; heat 
the solution to drive off any particles of air which might prevent 
the impurities from subsiding, and let it stand two or three days 
in a tall vessel. Then draw off with a syphon as much as may 
be thought perfectly clear, leaving the remainder to be washed 
with more distilled water. Add tothe solution any alkaline salt, 
till the substance be precipitated ; then throw it upon a filter, 
and wash with distilled water till the liquid refuses to pass 
through. 

The colour of the substance thus prepared is not much inferior 
in beauty to that prepared by the former process. Dried and 
burnt to ashes, a considerable quantity of earthy matter is always 
left, but very little of the alkaline salt that precipitated it. Its 
solution is always more or less purple, particularly if it be some- 
what strong. In alcohol, it is completely blue, and the aqueous 
solution becomes blue when it is heated. After being dried, it 
does not dissolve in water. ; 
When a solution of phenicin is precipitated, the liquid tha 

remains is always more or less coloured with cerulin ; and how- 
ever often this be repeated upon the same material, a little ceru- 
lin is always left. If it has been heated, more cerulin is formed. 
It follows from this, that phenicin is changed into cerulin by the 
action of water alone. : 

Phenicin dissolves in the water of liquid ammonia without 
injury; but the fixed alkalies destroy it, though not very readily. 
Chloride of tin precipitates the solution, but gradually redissolves 
the precipitate, forming a yellow solution ; and the phenicin is 
thrown down again of its own colour, by the salts of copper. 

Phenicin dissolves readily in concentrated sulpnuric acid, 
forming a blue solution; and if this be poured immediately into 
water, the greater part of it is precipitated again, the impurities 
of the acid being sufficient to prevent its solution in water. A 
lai is converted into cerulin, which remains in solution. 

hen allowed to remain dissolved in sulphuric acid, it is soon 
entirely converted into cerulin; consequently in preparing 
phenicin by the second process, it is impossible to prevent the 
formation of a certain portion of cerulin. 

Constitution of Phenicin. 

The facts which I have stated to prove that cerulin differs 
from indigo only in containing more or less water, equally apply 
to this substance. 

The perfect insolubility of phenicinin weak saline solutions ena- 
bles us to determine pretty nearly how much of it a quantity of 
indigo is capable of producing. Ten grains of sublimed indigo 
were put into a small phial with 300 grains of sulphuric acid ; 
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and after two hours and a half, when quite blue, the mixture was 
poured into a pint of water, and heated to boiling. It was then 
thrown upon a weighed filter, and washed ; first with boiling 
water, in which had been dissolved a minute portion of sulphate 
of lime, and afterwards with boiling pure water. The purple 
substance remaining upon the filter, when thoroughly dried, 
weighed 9°61 grains; a portion of which being burnt, left a 
quantity of ashes, equal to 1:37 grain of the whole ; consequently 
only 8:24 grains ot pure phenicin had been produced. The 
washings, which were deeply blue coloured from the cerulin that 
had been formed, were put together; and when diluted with 
water to 95 cubic inches, exactly equalled in intensity a solution 
of 1 grain of indigo converted into cerulin, in 30 inches of water. 
Hence 3°16 grains of the indigo had been expended on the pro- 
duction of cerulin, and 6°84 grains had produced 8-24 grains of 
phenicin. 

{n another experiment, 4:2 grains of indigo produced 5:13 
grains of phenicin; and. in a third, 4°79 grains produced 5°65 
grains. The mean of these makes 100 of indigo produce 120 of 
phenicin. 

By analysis with peroxide of copper, I have obtained results 
which indicate a smaller increase of weight ; and I am inclined 
to prefer these to the synthetic result, because the phenicin 
operated upon is much more pure, and the experiment altoge- 
ther less liable to error. One grain of pure phenicin produced 
5085 cubic inches of dry carbonic acid gas, which contain 
0-6462 grain of carbon. Hence, calculating as in the case of 
cerulin, the substance consists of 

Garbo As ties 3s Meaee 2 i hg eo 
Se ge ea ape raed set ee 
EN ORT ns dao duced abe watine os 21:49 
Hydrogen..... ofa = jeg omy Sine athe wowe 

100-00 

_ This is very nearly indigo + 2 water, and its atomic propor- 
tions may be thus stated : 

1 atom azote. ...... Leite 1:75 or 9°46 
4 atoms Oxygen .......005 4:00 21°62 
6 atoms hydrogen. ........ 0°75 4:05 

16 atoms carbon. ...... ene pt 2/00.) (GA87 

18°50 100-00 

The experiments of Mr. Smithson, related in the Philosophical 
Transactions, have given us very correct ideas on the nature of a 
number of the vegetable colouring matters. It is sufficiently 
obvious that, phenicin is not the principle which colours any of 

H 2 
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the purple or blue vegetables examined by that chemist. I col- 
lected a number more of such purple flowers as are most com- 
monly met with, and dipped them separately in concentrated 
sulphuric acid. But instead of becoming blue, they were 
uniformly changed to red, and formed red coloured solutions on 
the addition of water, Future inquiries, therefore, must deter- 
mine whether phenicin exists ready formed in nature either in 
the blue or in the purple state. 

Alcohol modifies remarkably the action of sulphuric acid upon 
indigo. A mixture of three parts of alcohol, of specific gravity 
0:84, and two parts of acid, dissolves indigo without rendering 

it yellow, and the solution may even be filtered through strong 

paper. Probably a larger quantity of pure alcohol might be 
employed. On the addition of water, the indigo is precipitated 
without alteration; and if common indigo has been used, resin 
precipitates along with it. It may remain dissolved in this mix- 
ture any length of time without conyersion into phenicin. A 
solution of phenicin in sulphuric acid may also be mixed with 

. alcohol without precipitation, and the acid is rendered incapable 
of converting it into cerulin. . 

ARTICLE II. 

Some Experiments on the Changes which take place in the fixed 
Principles of the Egg during Incubation. By William Prout, 
MD. FRS* 

“Iw the year 1816,” says Dr. Prout, “ I was induced to com- 
mence a series of experiments on the egg during incubation, 
with the view of ascertaining the nature of the changes which 

_ take place during that process. My inquiry was chiefly limited 
to the fixed principles ; namely, the earthy and saline matters ; 
but my attention was more particularly directed to the source 
whence the earthy matter, constituting the skeleton of the chick, 
was derived.” 

“ With these views, the egg was analyzed in its recent and 
unaltered state, and at the end of the first, second, and third 
weeks of incubation. My experiments were chiefly confined to 
the eggs of the domestic fowl, but have been likewise partially 
extended to those of the duck and turkey. The investigation 
has been renewed, and the experiments repeated at various inter- 
vals since the period above-mentioned ; but the difficulty of the 

* Abstracted from the Philosophical Transactions for 1822, Part II. 
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subject and various accidents have prevented me from complet- 
ing them till the present time; and the results, which, after all, 
are much less perfect than I could wish, I have now the honour 
of submitting to the Society.” 

Preliminary Experiments on the Egg in its recent and unal- 
tered State. 

It is here stated, that “ the specific gravity of new laid eggs 
has been found to vary from 1-080 to 1:090;” and their appa- 
rent diminution in specific gravity is shown to depend “on the 
substitution of air for a portion of the water of the egg which 
escapes.” A table is given, showing the gradual loss of 
weight of an egg during a period of two years. The original 
weight on the 19th May, 1820, the day it was laid, was 907°5 
grains ; and on the 19th of May, 1822, it had become reduced 
to 3632 grains; having sustained aloss of 544:3. 

“Hence we learn,” says the author, “ that a moderately 
sized egg loses on an average about 75 grain in 24 hours, and 
that uniformly during a very long period...... On being broken, 
the whole of the contents of this ege were found collected at the 
smaller extremity in a solid state ; but on being put into water, 
they absorbed a large portion of that fluid, and assumed an 
appearance not much unlike those of a recent egg; the smell 
also was perfectly fresh.” 

“The relative weights of the shell, albumen, and yelk of 
different eggs,” continues Dr. Prout, “‘ are very different. With 
the view of investigating this point, and of obtaining something 
like an average, the following experiments were made. The 
eggs were boiled hard in distilled water, and the different parts 
weighed immediately in their moist state.” 

Shell and membrane. Albumen. Yelk. Total. 

80:0 8943 289-0 763°3 | 
108-0 593°0 273°5 974°5 
107°3 5758 236°2 919-3 
71°5 516°5 215°0 803-0 

103-0 LOB OF) 269°3 876-0 
107-0 5153 273°4 895:7 
93°2 605°5 252°4 951:1 
92°7 SS 257-0 865°4 
96°8 510°6 210°8 §18-2 
77:6 567-4 241°5 886°5 

93°7 §29°8 251°8 875:3 

A similar table is then given, in which the weight of each of 
these eggs is supposed to be 1000 grains; and Dr. Prout thus 
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continues: “ Hence, if we suppose a recent egg to weigh 1000 
parts, the relative proportions of the shell, albumen, and yelk, 
will be as 106°9, 604-2, and 288-9; and for the sake of easier 
comparison in all the subsequent experiments, the numbers are 
reduced to the above standard, or to the supposition that the 
original weights of the eggs employed were, when just laid, 
exactly 1000 grains. 

“« When an egg is boiled in water, it loses weight, particularly 
if it be removed from the water when boiling, and be permitted 
to cool in the open air; the water also on examination will be 
found to contain a portion of the saline contents of the egg. 
The loss of weight from boiling is by no means constant, but 
has been found to vary from 20 to 30 grains, on the supposition, 
that the original weights of the eggs employed were 1000 grains. 
On the same supposition, also, it has been found, that the quan- 
tity of saline matter obtained by evaporating to dryness the 
distilled water in which an egg has been boiled, amounts, at an 
average, to about *32 grain. This saline residuum is strongly 
alkaline, and yields traces of animal matter, sulphuric acid, 
phosphoric acid, chlorine, an alkali, lime and magnesia, and 
carbonates of lime and magnesia; in short, of almost every prin- 
ciple existing in the egg. The carbonate of lime, however, is 
generally most abundant, and is obtained by evaporation in the 
form of a fine powder. 

“The shells of eggs have been analyzed by Vauquelin and 
Merat Guillot ; but these chemists seem to have over-rated the 
quantity of animal matter, and of phosphate of lime contained in 
them. When shells which had been dried in vacuo at 212°, 
were dissolved in dilute muriatic acid, the quantity of animal 
matter obtained was only about 2 per cent.; while the quantity 
of phosphates of lime and of magnesia never amounted to quite 
1 per cent.; the rest was carbonate of lime mixed with a little 
carbonate of magnesia. When burnt, egg-shells, as Vauquelin 
has observed, yield traces of sulphur and iron. 

“The membrana putaminis, on the supposition that the origi- 
nal weight of the egg be 1000 grains, weighs, when dried in 
vacuo at 212°, about 2°35 grains; and, on being burnt, yields 
traces of phosphate of lime. 

“« Jt may be observed here that the great differences in the 
quantities of the earthy matter existing m the shells of different 
eggs, have rendered the average totally inapplicable in these 
experiments, as will be shown hereafter; hence a more detailed 
analysis of this part of the egg was deemed unnecessary.” 

Saline Contents of the recent Egg. 

Prior to giving the results of his investigation of this part of 
the subject, Dr. Prout relates the manner in which his analyses 
were conducted, premising generally, “‘ that all the results were 
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obtained by combustion ; and that the following observations are 
to be understood as applicable to the whole of the experiments 
subsequently related in this inquiry.” 

“The albumen burns with difficulty, unless care be taken to 
remove the saline matter by frequent washings ; but if this point 
be attended to, the whole of the carbonaceous matter may be 
burnt off even in acovered crucible. In the subsequent experi- 
ments, the saline and earthy matters were removed from the 
crucible after combustion by distilled water; a little ammonia 
was then added, and the whole permitted to remain at rest for 
24 hours; the clear solution containing the alkaline salts was 
now carefully poured off, and the insoluble residuum, consisting 
of the phosphate of lime and triple phosphate of magnesia and 
ammonia, after being washed with distilled water, was dried and 
weighed. ‘The alkaline solution, together with the washings of 
the earthy phosphates, were then evaporated to dryness, and 
exposed to a low red heat; and the weight of the saline residuum 
being accurately noticed, the whole was again dissolved in 
distilled water. A few drops of nitric acid being now added to 
neutralize the excess of alkali present, nitrate of barytes was 
dropped into the solution as long as any precipitate fell. The 
precipitate was obtained by decanting off the solution as before, 
and, after being well washed, its weight ascertained : from this 
the guantlly of sulphuric acid present was determined by calcu- 
lation.* To the solution, thus freed from sulphuric acid, nitrate 
of barytes, and afterwards ammonia, were added. The phosphate 
of barytes thus obtained was collected, washed and weighed as 
before, and the quantity of phosphoric acid present obtained by 
calculation.| Nitric acid was again added in slight excess to 
the original solution, and nitrate of silver dropped into it as long 
‘as any precipitate fell; from the chloride of silver obtained, the 
quantity of chlorine present was estimated. Lastly, the weights 
of the sulphuric and phosphoric acids and chlorine were added 
together, and their amount subtracted from the weight of the 
alkaline residuum formerly obtained by evaporation, the remall- 
der, of course, indicated the quantity of potash and soda,§ and 
carbonates of potash and soda present. Finally, the proportion 
of the earthy phosphates to one another was determined, and the 
quantities of the bases and acid obtained by calculation. 

“The yelk of the egg is exceedingly difficult of combustion ; 
and indeed without proper precautions cannot be burnt at all, on 

* On the supposition that the weight of the atom of sulphuric acid is 50, and that of 
barytes 97°5, oxygen being 19. 

+ On the supposition that the weight of the atom of phosphoric acid is 35, that of 
oxygen being 10. 

{ On the supposition that the weight of the atom of chlorine is 45, and of silver 
131°5, that of oxygen being 10, 
§ The quantity of soda equivalent to the sodiam in union with the chlorine, was 

determined by calculation. 
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account of the large quantity of phosphorus it contains ; which, 
by undergoing a partial combustion, forms a glassy coating that 
effectually excludes the contact of the air from the coal, and 
prevents its further combustion. After a variety of attempts, 
the following were the two methods employed: The yelk of an 
egg which had been boiled hard, and dried by exposure to the 
air, was rubbed in a mortar with a quantity of bicarbonate of 
potash. The mixture was then introduced into a platina crucible, 
and exposed to a strong red heat, till the flame had ceased to 
escape from a small hole in the lid. The crucible being now 
removed from the fire, its contents when cold, were again pulve- 
rised in a mortar with nitre. The mixture was then introduced 
a little at a time into the covered crucible till the whole was 
burnt. To the residuum, distilled water was added, which, of 
course, took up every thing but the earthy phosphates, which 
were separated and weighed; while the alkaline solution, like 
that before mentioned, obtained from the albumen, was submitted 
to the action of the appropriate reagents, and thus the quantities 
of the different acids present ascertained. In this manner, every 
thing was determined, except the proportion of alkaline matter 
present ; and to ascertain this, other experiments with different 
elks were made, in which lime and nitrate of lime were substi- 

tuted for the bicarbonate and nitrate of potash.” 
The foregoing detail is succeeded by the statement, that the 

probability that the sulphuric and phosphoric acids obtained 
from the egg, exist in it naturally as sulphur and phosphorus, 
and that the metallic bases of the earthy principles ‘are to be 
considered as constituent principles of the primary animal com- 
pounds,” induced the author “ to state the quantities of the acids 
obtained separately from the bases.” Dr. Prout also remarks, 
that as his experiments “ were made almost entirely with the 
view of comparison only,” he did not ‘ enter into any very 
minute discriminations, which did not appear to be immediately 
necessary to his purpose.” 

The contents of the following table of the relative proportions 
of the saline principles of different eggs, were selected as exam- 
ples from a variety of other analyses; the weight of each egg 
being reduced to 1000 grains: 
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Potash, so-|Lime, mag- 
Sulphuric | Phosphoric : da, andj nesia, and 

acid, acid. Slee carb. off carb. of 
ditto. ditto. 

ee eee | ———_ —_——_— 

No. 1. Albumen.| 0°29 0°45 Fe 2°92 0°30 
Yelk...) 0-21 3°56 0:39 0°50 0°68 

—SS=| | | ee 

Total...| 050 | 401 | 1:33 | 342 | 0-98 
eS | | | pe | a ———e 

No, 2. Albumen.) 0°15 0:46 0-93 2°93 0:25 
Yelk....| 0°06 3°50 0:28 0:27 0-61 

"Total. ..; 0-21 | 3-96 | 1:21 | 3:20 | 0:86 
—_ 

No. 3. Albumen.| 0:18 0°48 0°87 ade 0:32 
Welk..:.,.:|,. 0:19 4-00 0:44 0°51 0:67 
ieee 

Jotal.....) OS? 4:48 | 1:31 3°23 0oo* 

Dr. Prout next gives the following analysis of the shell of the 
recent egg: The egg from which the yelk had been taken, 
which is the subject of the following experiment, had been 
boiled hard in distilled water, and the yelk, in its moist state, 
was found to weigh 316°5 grains. It was then partially dried by 
exposure to the air for several weeks; and to remove the 
remainder of the water was reduced to powder, and exposed to 
a temperature of somewhat more than 212°. The total loss of 
weight was 170-2 grains, which was supposed to indicate the 
quantity of water present. The remainder was now digested 
repeatedly in alcohol of specific gravity °807, till that fluid came 
off colourless. The residuum was perfectly white and pulveru- 
lent, and possessed many of the properties of albumen ; but it 
differed from that principle by the large proportion of phosphorus 
it contained in some unknown state of combination. The alco- 
holic solution was of a deep-yellow colour, and deposited crystals 
of a sebaceous matter, and a portion of a yellow semi-fluid oil. 
On distilling off the alcohol, the oil was obtained in a separate 
state. On cooling, it became nearly solid, and weighed 91 grains. 
The albuminous principle above-mentioned weighed 55°3 grains. 
Hence this yelk consisted of 

* “ Besides the above principles, iron is met with in almost all products of ecombus- 
tion; and the quantity in the egg, as the process of incubation proceeds, apparently 
increases considerably ; but it was found impossible to ascertain its quantity with any 
degree of precision,” 
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NR Nag ss diy snot hs ia'te toe YR Wo sal RS 
AlnERODT ccs esaw wes eedes eee OOD 
NNNRNMEPOEE Sg vei sie: ch GS eiladele vs oa Ate 

316°5 

“ But I have reason to believe that the proportions of these 
ingredients differ a little in different eggs.” 

Experiments on the Egg at the End of the first Week of Incuba- 
tion, or about the 8th Day. 

At the end of the first week, it was found, on an average, that 
the egg had lost about 50 grains in the 1000, and the weights of 
its constituent principles in their moist state, were as follows : + 

Unchanged albumen. ........eee0seee04 2328 
Modified albumen 3). h cr neiwee eee hie 
Liq. amnii, membranes, blood vessels, &c.. 97-0 
Aa Das twil Ge bis te'e Sate io stale Rie beAe ETP ee 
PRM a ob ie oid alnid: 5 Wal c.n! dha Rrata vate ent ae 
SORA II TOSS {fc sive os wis «p's cha Gladalp Rolla PROMI 

1000°0 

Dr. Prout here makes the following brief remarks on the 
general phenomena presented by the different constituent prin- 
ciples of the egg at those periods at which it has been submitted 
to examination. 

“« It has been remarked by many observers, that soon after the 
process of incubation has commenced, the yelk becomes more 
fluid than usual; and that as the liquor amnii increases, that 
portion of the albumen occupying the upper and larger end of 
the egg, begins to assume a peculiar appearance. In the pre- 
sent experiments (in which the egg was always previously boiled), 
the liquor amnii and portion of albumen in question, at the period 
now under consideration, exhibited somewhat the appearance of 
curds and whey. Nor did the analogy consist in mere appear- 
ance; for the curdy-looking matter, which was of a yellow 
colour, and which I have termed modified albumen, resembled 
the curdy part of milk in its properties, so far as to contain inter- 
mixed with it an oily or butyraceous principle. A portion of 
this oily principle, on being separated and examined, was found 
to be soluble in alcohol, of a bright yellow colour; and, in short, 

* ¢ This proportion of the albuminous principle does not differ much from that stated 
to exist in the yelk of the common fowl, by Mr. Hatchett. Philos. Trans. vol. cvi. 

. 308. 
+ In the original paper, the weights of the constituents of two eggs are here given ; 

the same is the case with the following series of experiments, and with all the remaining 
analyses except two; but as no striking differences are thus presented, only one of each 
kind is given in this abstract. 
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to possess all the properties of the yellow oil existing in the yelk. 
The yelk at this period, as before observed, has become more 
fluid, and appears larger, and of a paler colour than natural. 
Haller, indeed, asserts, that it has not increased in weight ; but 
the above table renders. the reverse very probable. These 
appearances of the albumen and yelk have induced most obser- 
vers to believe that an interchange of principles takes place 
between them; while others seem to have mistaken the yellow 
modified albumen for the yelk itself. That an interchange of 
principles has taken place, at least under the above circum- 
stances, there can be no doubt; yet the two are not indiscrimi- 
nately mixed; for when the egg has been previously boiled, the 
yelk, though softer than natural, is nevertheless rendered of a 
firmer consistence than the modified albumen, and can thus be 
readily separated from it; there is, moreover, a distinct line of 
demarcation between them, arising, apparently, from the proper 
membrane of the yelk. Another argument in favour of the 
opinion of the intermixture of the albumen and yelk at this 
period, is derived from the following analyses of these-constituent 
principles of the egg ; from which it will be found that the quan- 
tity of the saline matter is diminished in the albumen, and 
increased in the yelk. It is a singular and striking fact, how- 
ever, that although the oily matter of the yelk has made its way 
to the albumen, very little of the phosphorus, which exists in such 
large quantities in the yelk, has been removed with it.” 

Potash, so-|Lime, mag- 
Phos- 2 

Sulpbu- z . da, and] nesia, and 
ric acid. mee Chlorine. ie of| carb. of 

ditto. ditto. 

Unchanged albumen. 0:13 | 0:27 | 0-19 1:03 0°18 
Modified albumen, li- 

quoramnii, animal, 
membranes, &c. ..| 0°08 | 0°38 | 0°45 1:17 0°12 

Me EMT, IE 0:09 | 4:03 | 0°60 0-80 0°68 

0:30 | 4:68 | 1:24 | 3:00 | 0:98 

The results of an analysis made on the 10th day of incubation, 

show, that at this period ‘the proportion of phosphorus is 

somewhat diminished in the yelk, and increased in the animal 

and its appendages. The chlorine and alkaline principles seem 

also to have diminished in the yelk and to have increased a 

little in the albuminous portion.” 

Experiments on the Egg at the End_of the second Week, or 
about the 15th Day of Incubation. 

The egg has now lost, upon an average, about 130 grains in 
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the 1000, and the weights of its constituent principles are as 
follows : 

Grains, 

Unchanged albumen. ........se0606 1755 
Liquor amnii, membranes, &c..... so. 273°5 
Winds ss ee 884 (Weeds. TOO 
MONON iii esl. CRE BE Rey Q2EOF 
Shell and loss. cb. sey. ies Vees. 2390 

1000-0 

“ At this period, the animal has attained a considerable size, 

while the albumen has become diminished in a corresponding 

degree. The albumen has also acquired a very firm consistence, 
especially when coagulated by heat. 

“The liquor amnii has become more fluid, and the modified albu- 
men, formerly mentioned, has very much diminished in quantity, 
or disappeared.* The yelk, which at the end of the first week 

seemed to have increased in bulk and fluidity, has now appa- 
rently acquired its original size and consistence.” 

ole Phos psi so-|Lime, mag- 
Sulphu- is : a, and} nesia, and 
ric acid. ei Chlorine. carb. of carb, of 

ditto. ditto. 

Unchanged albumen.} 0°07 | 0°22 | 0:09 
Liq. amni, mem- 

branes, &c..5....| 0°06 | O21 | O-7I 0-96 0:08 
Aninial. oo... a4. s..| 0°06 | 0°23 | 0-09 0°46 0:27 
Velkiss' dae SSCs. 5] 030.) 394.1,.046 0:68 0:69 

| a es ee 

0°49 | 4:00 | 1:05 2°83 1-14 

0-73 | O-10— 

From the results ofan analysis made two days later, or on the 
17th day of incubation, it appears that at this period the yelk 
has yielded some of its phosphorus and sulphur to the other prin- 
ciples of the egg; that the chlorine has increased in the yelk, 
and diminished in the other principles ; that the relative propor- 
tions of alkaline bodies remain much the same as on the 15th 
day ; and that the earths have increased in quantity a little in the 
yelk, and very considerably in the other principles. 

Experiments on the Eag at the End of the third Week, or at 
the full Period of Incubation. 

At this period an egg has lost upon an average about 160 

* “ About this time Harvey, and other observers, have noticed the appearance of a 
curdy or coagulated substance in the zsophagus, crop, stomach, and intestines of the 
animal. Is this a portion of the modified albumen above-mentioned ?”” 
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grains in 1000; and the weights of its constituent principles in 

their moist state and without boiling, are as follows: 

Grains. 

Residuum of albumen, membranes, Kc. 29°65 

Malioal, AIOE ABS MAE PHT 

Welk v.05. Pg eR ae Li, bay? 

RhieWand loads Wd POS, PEF BEE 
——— 

1000-0 

« At this period all the important changes of incubation are 

completed. ‘The albumen has now disappeared, or is reduced to 

a few dried membranes and an earthy residuum (apparently con- 

sisting of the original earthy matter of the albumen which has 

remained unappropriated). The yelk is considerably increased 

in size,* and is taken into the abdomen of the chick; while the 

animal has attained a weight nearly corresponding to the original 

weight of the albumen, added to that lost by the yelk, minus the 

total weight sustained by the egg during incubation, The alka- 

line matters and chlorine which have been decreasing from the 

commencement of incubation, have now undergone further dimi- 

nution in quantity, while the earthy matters have increased in the 

most striking manner. The other principles seem to have suffered 

very little change in quantity.” 

Potash, so-|Lime, mag- 

Sanh| phone | Chere. | 3h, an nee 
kag 29 ditto. ditto. 

Residuum ofalbumen, , 

membranes, &c. ..| 0°04 | 0°12 | 0:09 0:23 0-12 

Animal .....- cs Wat | ole 0°55 2°26 2°58 

wa ee. et Grae | 0G 0:03 0:06 1:26 

0-52 | 420 | O67 | 255 | 3:96 

Dr. Prout observes, that the analyses in his paper are selected 

as the most perfect, from a variety of others made at each period, 

all of which confirm the results he has given : and he then states 

his conclusisns from them, thus : 

«These experiments, then, demonstrate, or render probable, 

the following circumstances : 

ses This has been denied or doubted by some writers, especially Haller and Dr, Ma- 
ey.” ; . 
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, “1. That the relative weights of the constituent principles of 
different eggs vary very considerably. | é alt 

«2. That an egg loses about one-sixth of its weight during 
incubation, a quantity amounting to eight times as much as it 
loses in the same time under ordinary circumstances. 

«3. That in the earlier stages of incubation, an interchange of 
principles takes place between the yelk and a portion of the 
albumen ; that this interchange is confined on the part of the 
yelk to a little ofits oily matter, which is found mixed with the 
above-mentioned albumen ; that this portion of albumen under- 
goes some remarkable changes, and is converted into a sub- 
stance analogous in its appearance, as well as in some of its 
properties, to the curd of milk ; and lastly, that a portion of the 
watery and saline portion of the albumen is found mixed with 
the yelk, which becomes thus apparently increased in size. 

“4, That as incubation proceeds, the saline and watery parts 
again quit the yelk, which is thus reduced to its original bulk ; 
that in the last week of the process, it undergoes still further 
diminution in weight, and loses the greater portion of its phos- 
phorus, which is found in the animal converted into phosphoric 
acid, and in union with /ime, constituting its bony skeleton; and 
lastly, that this lime does not originally exist in the recent egg, 
but is derived from some unknown source during the process of 
incubation.” : 

Dr. Prout concludes this valuable communication with some 
remarks on the uses of the yelk, and ihe apparent generation of 
earthy matter. The opinion “that the yelk is analogous to the 
milk of viviparous animals, but more concentrated, and that its 
chief use is to afford a pabulum to the young animal during incu- 
bation,” is, he says, “ corroborated in a striking manner by the 
present inquiry.” 

“With respect to the earthy matter found in the skeleton of 
the chick when it quits the shell,” continues Dr. P. “I think I 
can venture to assert, after the most patient and attentive inves- 
tigation, that it does not pre-exist in the recent egg ; certainly 
not, at least, in any known state. The only possible sources, 
therefore, whence it can be derived, are from the shell, or trans- 
mutation from other principles. Whether it be actually derived 
from the shell, cannot be determined by chemistry ; because, as 
we have seen, the shells of different eggs differ so much, that the 
application of averages is out of the question; and we are of 
course precluded from ascertaining the exact quantity of lime 
any particular shell originally contains. There are, however, 
very strong reasons for believing, that the earthy matter is not 
derived from the shell. In the first place, the membrana puta- 
minis never becomes vascular, and seems analogous to the epi- 
dermis ; hence the lime of the shell, which is exterior to this 
membrane, is generally considered by physiologists as evtra- 

Ce a ee 
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vascular ;* it is, therefore, extremely difficult to conceive how 
the earth in question can be introduced into the economy of the 
chick from this source, particularly during the last week of 
incubation, when a very large portion of the membranes are 
actually separated from the shell.. Secondly, both the albumen 
and yelk contain, at the end of incubation, a considerable pro- 
portion of earthy matter (the yelk apparently more than it did 
originally) ; why is this not appropriated in preference to that 
existing in the shell? In opposition to these arguments, it will 
be doubtless stated, that the shell of the egg becomes brittle at 
the end of incubation, and appears to undergo, during that pro- 
cess, some other changes not at present understood. To which 
it may be answered, that this brittleness has been attributed to 
the separation of the membrana putaminis, and the exsiccation 
of the parts by so long an exposure to the heat necessary to the 
process of incubation ; and in this manner all the known changes 
produced in the shell by incubation may, perhaps, be satisfacto- 
rily accounted for. Until, therefore, 1t be demonstrated that 
some other changes take place in the shell, I confess this argu- 
ment does not seem to me to have much weight. I by no 
means wish, however, to be understood to assert, that the earth 
is not derived from the shell ; because, in this case, the only 
alternative left me is to assert, that itis formed by transmutation 
from other matter; an assertion, which I confess myself not bold 
erough to make in the present state of our knowledge, however 
strongly I may be inclined to believe that, within certain limits, 
this power is to be ranked among the capabilities of the vital 
energies.” 

Dr. Prout has requested me to insert the following correction 
of a passage in his paper :—In the twenty-second page of the 
paper itself, or p. 398 of the Philosophical Transactions, line 6 
from the bottom, ties “after incubation,” read “ after it had 
left the ege.”—Ldit. 

= “ See an essay ‘On the Connexion between the Vascular and Extra-vascular 
Parts of Animals,’ by Sir A. Carlisle—('Thomson’s Annals, yol. yi. p. 174).” 
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Articte III. 

Summary of Aeron ical Table kept at Bushey Heath during 
822. By Col. Beautoy, FRS. 

1822, | Barom. | Ther. |Hygr.| Rain. | Evap. |? |N |NEIE |SE | S|SW|WINW 
temp. 

Inches. Inches. |Inches. 
Jan...| 29°614 | 37:0 | 71:0) 0:420} 1:702]38°5 | 3} 2 | 0} 1} O| 7 | 8} 10 
Feb. ..| 29°612 | 41:5 | 72:0} 1080} 2-118] 42:6 | J} 1 | 0} 4 | 2} 16) 1) 3 
March.| 29°561 | 45-6 | 69-0} 0-715] 3°780)46°6 | 0} 1 | 0} 2] 0| 18) 7) 3 
April. .| 29°454 | 46:3 | 64:0) 2-482) 3°230/47-2 | O}10 | 1) 5 | 0} 8 | O 6 
May..| 29°523 | 566 | 59°0| 1°666| 4:240|/57:2 | O)l4 | 3)6 |} 0; 5/1] 2 
June..} 29:°636 | 64:3 | 56-0} 0-780) 6°520|65°3 | 1/11 | 5) 2] 1) 6] 0) 4 
July ..| 29°391 | 62:0 | 59:0} 2-504) — | 62-4] 0) 2] 0} 4) 2) 13) 5} 5 
August} 29°445 | 62-4 | 62:0] 1°654| 4860/61-3 | 0} 3 | 1) 2/1) 13} 6) 5 
Sept..,| 29°503 | 55:3 | 64:0] 1:060| 3°760/ 56-1 | O14 | 2}1/ 0) 6/4) 8 
Oct...| 29:197 | 51:0 | 73:0} 3°479| 1°930) 51-4 | O} 3 | 2/12 |} O| 13 | O| I 
Noy...| 29°171 | 45:4 | 78-0} 3°097| 1:550|46°3 | 0} 4 | O} 4) 0) 21; 1) O 
Dec i,2 29°52 32:0 | 71:0} 1-400| 1-000) 33:2 | 0112 | 4) 4} O| 6] 1) 4 

Mean .| 29° 482 49:9 | 66:6/20-337| — {50-7 | 5177 |18/47 | 61192 '34] 46 

Greatest height of the thermometer during the year was 853°, June the 10th; least 
height; 183°, December the 30th. 

This table is similar to the one published in the Annals of Philosophy, Feb, 1822, 

ARTICLE IV. 

Astronomical Observations, 1822, 1823. 
By Col, Beaufoy, FRS. 

Bushey Heath, near Stanmore. 

Latitude 51° 37’ 443’ North. Longitude West in time 1’ 20: 93”, 

Dec. 21. Emersion of Jupiter’s third Th 43! 58” Mean Time at Bushey. 
satellite..... = eniag aden Hoar 7 45 19 Mean Time at Greenwich. 

Dec, 25. Emersion of Jupiter’s first 9 28 A9 Mean Time at Bushey. 
9 30 10 Mean Time at Greenwich, 

Dev. 28. Egress of Jupiter’s thizd sa- 8 26 28 Mean Time at Bushey. 
TeLLee ate nt, otis carentclatesce 8 27 49 Mean Time at Greenwich, 

Dec, 28. Emersion of Jupiter’s third 1 45 47 Mean Time at Bushey. 
Satellites. cows ies cles sletetelsiele } 1 AT O8 Mean Time at Greenwich. 

Dec. 29. Emersion of Jupiter’s second 9 36 20 Mean Time at Bushey. 
BHLENILE| orn cimieeintelse aieiaioieote 9 37 Al Mean Time at Greenwich. 

Jan, 8. Emersion of Jupiter’s first ¢ 13 19°53 Mean Time at Bushey. 
Satellite 2. .ceqeoreccecsces 5 13 21 14 Mean Time at Greenwich, 
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ARTICLE V. 

An Account of the Process of smelting Copier as conducted at the 
Hafod Copper Works, near Swansea. By John Henry Vivian, 
Esq. FRS. MGS. 

[Having lately been consulted by Messrs. Vivian and Sons, 
proprietors of the Hafod Copper Works, as to the means by 
which the inconvenience arising from the smoke of the copper 
works. might be remedied, the following account, forming a part 
of Messrs. Vivian’s statement, appeared to me to possess much 
general interest: I, therefore, requested, and readily obtained, 
permission to publish it.—Ldit.] 

_ THE copper ores smelted in the works in South Wales are for 
the most part raised in the mines of Cornwall and Devon. They 
consist chiefly of pence, copper ore or copper pyrites, and the 
grey sulphuret of copper. The yellow ore is a compound of 
sulphur, iron, and copper, in nearly equal proportions. The 
grey ore, at least what is known in Cornwall under that deno- 
mination, is almost a pure sulphuret of copper containing about 
80 per cent. of metal. Yellow ore, which is by far the most 
abundant, is usually accompanied by iron pyrites, or sulphuret 
of iron. The earthy minerals that occur with these metallic 
substances are chielly siliceous, although in some mines the 
veins are of an argillaceous or clayey nature, while in others they 
contain fluor spar, or fluate of lime. Thus the component parts 
of the Cornish copper ores, as prepared for smelting, may be 
said to be sulphur, copper, iron, and from 60 to 70 per cent. of 
earthy matter, To these may be added, as accidental, tin and 
arsenic; for although these substances are not chemically 
combined with the copper, still as the ores of tin and copper fre- 
quently occur in the same vein, it is impossible to effect their 
complete separation by mechanical means. The quantity, how- 
ever, compared with the substances above enumerated, is incon- 
siderable ; for as the miner is not paid for the tin when contained 
in copper ores, it is of course his interest to separate it as clean 
as possible. The arsenic is derived from the arsenical pyrites 
which usually accompanies tin ores. The average produce in 
copper may be stated at 8+ per cent. 

he ores are conveyed from Cornwall to Wales to be smelted 
on account of the supply of fuel, as not only carrying the smaller 
quantity to the greater, the ore to the coal, but because the ves- 
sels load back coai for the use of the engines of the mines. The 
principal smelting works are situated on the navigable rivers of 

New Series, vou. v. I 
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Swansea and Neath. The processes in a copper work are simple: 
they consist of alternate calcinations and fusions. By the former 
the volatile matter is expelled, and the metals previously com- 
bined with the copper oxidized, the general fusibility of the mass 
being thereby increased. The. calcination is in. fact a prepara- 
tory process to the fusion, in which the metallic oxides and 
earthy matters, being rendered specifically lighter than the metals, 
float on the surface, and are skimmed off as slags. 

The furnaces.in which these operations are performed. are 
reverberatory, and of the usual construction. ‘The substance to 
be acted onis placed on the body of the furnace or hearth, which’ 
is separated from the fire place by a bridge of bricks about two 
feet in thickness. The flame passes over this bridge, and, rever- 
berating along the roof of the furnace, produces the required 
temperature, and escapes with any volatile matter that may be 
disengaged from the ore or metallic sulphurets through a flue 
at the opposite extremity of the furnace, which flue communicates 
with a perpendicular stack or chimney. 

These furnaces are of two descriptions, varying in their dimen- 
sions and internal form. The calcining furnaces, or calciners, are 
furnished with four doors or openings, two on each side the 
furnace, for the convenience of stirring the ore, and drawing it 
out of the furnace when calcined. They vary in their dimensions, 
but are commonly from 17 to 19 feet in length from the bridge 
to the flue, and from 14 to 16 in width; the fire-place from 44 
to 5 feet across by 3 feet. 

The melting furnaces are much smaller than the calciners, 
not exceeding 11 or 11+ feet in length by 71 or 8 feet in the 
broadest part: the fire-place is larger in proportion to the body 
of the furnace than in the calciner, being usually from 34 to 4 feet 
across, and 3 or 31 feet wide, as a high temperature is required 
to bring the substances with as little delay as possible into 
fusion. These furnaces have only one door, which is in the 
front part of the furnace. The accompanying sketches may 
convey some idea of the construction oF these furnaces ; fig. 1 
being a plan of a calciner; fig. 2 of a melting furnace. 
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a. Hearth or body of furnace. 
b, Bridge. 
c. Fire place. 
d, Flue. 
e. Stack, or chimney. 

 f. Tapping hole. 
~“g, Skimming door in melting furnace. 
hhkh, Stirring doors in calciner. 

The processes are conducted in the following order : 
1. The copper ore calcined. 
2. Calcined ore melted. 
3. Coarse * metal from Process 2, calcined. 

_ 4, Calcined coarse metal melted. 
5. Fine+ metal from Process 4 calcined. 
6, Calcined fine metal melted. 
7. Copper from Process 6 roasted. 
8. Coarse or blistered copper refined. 

_ © Metal, means sulphuret when thus used ; and coarse metal, sulphuret of copper and 

aron, 

+ Fine metal, ditto with larger ert of copper. 
I 
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Process 1.—The Calcination of the Ore. 

The copper ores, when discharged from the vessels in which 
they are brought from Cornwall, are wheeled-into yards or plots 
contiguous to the works, and there deposited, one cargo over 
the other, so that, when cut down perpendicularly to be carried 
to the furnaces, a tolerably general mixture is formed of the ores 
of the county. This is always desirable in a smelting work, as, 
the ores being of different qualities and component parts, the one 
acts as a flux forthe other. A more accurate mixture, calculated 
from the chemical analysis of each parcel of ore, might be prefera- 
ble; but this on alarge scale cannot be practised, as it would be 
impossible to keep the ores separate, on the different wharfs in 
Cornwall, to ship them separately, and to have sufficient space on 
the wharfs at the works to receive them. 

The ore in the yard is weighed over to the calciner-men 
in boxes, containing each one hundred weight. These are 
carried on men’s shoulders to the calciners, and emptied 
into iron bins or hoppers, formed by four plates of cast iron 
tapering to the bottom, placed over the roof of the furnace, and 
supported by wrought iron frames resting on its sides. From 
these bins, the ore is passed into the calciner through a hole in 
the roof immediately below the bottom of the hopper. Two of 
these bins are usually placed over each calciner, and nearly 
opposite the side doors, so that the charge of ore, when let into 
the furnace, may be conveniently spread, which is done by means 
of long iron tools, called stirring rabbles. 

This charge of ore usually consists of three to three and a half 
tons. It is distributed equally over the bottom of the calciner, 
whichis made offire bricks orsquare tiles. The fire is then gradually 
increased: so that towards the end of the process, which lasts 
12 hours, the heat is as great as the ore will bear without being 
fused or baked together. To prevent this taking place, and to 
assist the disengagement of the sulphur, the ore is frequently 
stirred during the operation, and fresh surfaces exposed. At the 
expiration of the 12 hours, the charge is drawn out through holes 
in the bottom of the calciner, of which there is one opposite to 
each door, and, falling under the arch of the furnace, remains 
there till it is sufficiently cool to be removed, when water is 
thrown over it to prevent the escape of the finer particles ; it is 
then put into barrows, and wheeled to the proper depots. In'this 
state it is called calcined ore. If the process has been well 
conducted, the ore is black and powdery. The dark colour is 
no doubt owing to a portion of the iron being oxidized during 
the process, by which the ores acquire an increased degree of 
fusibility. The quantity of iron oxidized during the first calcina- 
tion is, however, small in proportion to the contents in the ore, 
as the metal is protected from the action of the air by the mass 
of earthy matter with which it is combined, and by the sulphur 
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and other volatile substances. The sulphur that is expelled is 
in no part sublimed as flowers of sulphur, but is all acidified, 
and the process being conducted with admission of atmospheric 
air is properly a roasting. 

Process II.—The Melting of the Calcined Ore. 
The calcined ore is delivered, as in the raw state, to the worke 

men in boxes containing 1 ewt. each. The charge is deposited 
in the same manner in a bin placed on the top of the furnace, 
and from thence passed into the interior as required. When the 
charge is let down and spread over the bottom, the door of the 
furnace is put up, and wellluted. Someslags from the fusion of 
the coarse metal or sulphuret are added, not only on account of 
the copper they contain, but to assist the fusion of the ore, being 
chiefly composed of oxide of iron. These are thrown into the 
furnace through the front door. 
_ After the furnace is charged, the fire is made up, and the main 
object of the smelter is to bring the substances into fusion ; it is, 
therefore, in this respect different from the calcining process: 
When the ore is melted, the door of the furnace is taken down, 
and the liquid mass well rabbled, or stirred, so as to allow of 
the complete separation of the metallic particles from - the 
slags or earthy matters, and to get the charge clear of the 
bottom of the furnace, which is made of sand, and soon becomes 
impregnated with metal. The furnace being ready ; that is, the 
substances being in perfect fusion, the smelter takes an iron 
rabble, and skims off, through the front door, the sand or slags 
consisting of the earthy matters contained in the ore, and any 
metallic oxides that may have been formed, which, being speci- 
fically lighter than the metals in the state of sulphuret, float on 
the surface. When the metalin the furnace is freed from slags, 
the smelter lets down a second charge of ore, and proceeds with 
it in the same manner as with the first; and this he repeats until 
the metal collected in the bottom of the furnace is as high as 
the furnace will admit of without flowing out at the door, which 
is usually after the third charge; he then opens a hole, called the 
tapping hole, in the side of the furnace, through which the metal 
flows into an adjoining pit filled with water. It thus becomes 
granulated, and collects in a pan at the bottom of the cistern, 
which is raised by means of a crane. It is then filled into bar- 
rows, and wheeled to the place appointed for its reception. 

The slags received into moulds made in sand in the front of the 
furnace, are removed after each charge, and wheeled out of the work 
{0 the slag bank, where they are broken, and carefully examined ; 
any pieces found to contain particles of metal, are returned to the 
smelter to be remelted; and unless the slag is very thick and 
tenacious, the copper which they may contain is found at the 
bottom. What is clean or free of metal is rejected. These 
slags are composed of the earthy matters contained in the ore 

; 
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and the oxides of iron and other metals that were mixed with 
the copper. The oxide of iron gives them ablack colour. The 
silex or quartz remains in part unfused, and gives the slags a 
porphyritic appearance. 

In this process, the copper is concentrated, and a mass of 
stuff with which it' was combined in the ore got rid of. The 
granulated metal usually contains ‘about one-third of copper. It 
is thus four times as rich as the ore, and must consequently 
have diminished in bulk in the same proportion. Its chief com~ 
ponent parts are sulphur, copper, and iron. Ve 8 

The most important point to be attended to in this process is to 
make a fluid good mixture of earthy and metals, so that the copper 
which is combined with the sulphur, may from its greater specific 
gravity, settle at the bottom, and yield clean slags. ‘This object 
is effected chiefly by means of metallic oxides, the slags from 
Process 4, which are melted with the ore, being almost wholly 
black oxide of iron. When the ores are very stubborn or diffi- 
cult to melt, a box of fluor spar is added 'to the charge, but it is 
not desirable to increase the bulk of matter in the furnace unless 
required, ee Bd VN 

The men work round the 24 hours, and commonly melt in this 
time five charges. Under favourable circumstances, as fusible 
ore, strong coal, furnace in good repair, they even do six charges. 
They are paid by the ton. i! 

Proczss III.—Calcination of the Coarse Metal, the Product of 
the first Fusion. 

This is conducted in precisely a similar manner to) the calcin- 
ing of the ore The charge is nearly of the same weight; but as 
it is desirable to oxidize the iron, which is more readily effected 
in this process than in the ore calciners, where it is protected 
from the action of the air by the earthy mattérs with which it is 
combined, the charge remains 24 hours in the furnace, -and dur- 
ing that time is repeatedly stirred and turned. The:heat during 
the first six hours should be moderate, and from that time gra- 
dually increased to the end of the operation. Bey 

Process IV.—Melting of the Coarse. Metal after it has under- 
gone Calcination. talus 

This is performed in furnaces precisely similar in construction 
to those in which the ore is melted ; and with the calcined metal 
are melted some slags from the last operations in the works which 
contain some oxide of copper, as likewise pieces of furnace bot- 
toms impregnated with metal, the proportion of each’ varying 
according to the stock or to the quality of the calcined metal. 

The chemical effect which takes place is, that the oxide of cop- 
perin the slags becomes reduced by a portion of the sulphur which 
combines with the oxygen, and passes offas sulphurous acid gas, 
while the metal thus reduced enters into combmation with the sul- 
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phuret. That there may be a sufficient quantity of sulphur in 
the furnace to promote these charges, it is sometimes necessary, 
when the calcined metal is in a forward state, to carry a small 
quantity of raw or uncalcined metal, so that a clean slag may be 
obtained. 9) | ' . 

The slags from this operation are skimmed off through the 
front door, as in the ore furnaces. They have a high specific 
gravity, and should be sharp, well melted, and free from metal 
inthe body of slag. , Such particles of metal as are drawn off, 
which, from the thinness of the. slags, will commonly happen, 
should sink to, the bottom,of the slag while it is in the liquid 
state. These slags, as has, been before, observed, are melted 
with the, ore, not only for the purpose of extracting the copper 
they may contain, but on account of their great fusibility, as, 
being composed chiefly of the black oxide of iron, they fuse 
readily, and act as solvents for other substances, earthy mat- 
ters, &c, In some cases, the slags from the metal furnaces 
are melted in a distinct furnace with some small coal or carbo- 
haceous matter, and in this case, the slags resulting therefrom 
are even sharper than those from the metal furnaces, they have a 
crystalline splendent.appearance, and crystals are frequently to 
be observed in the interior. , 
_. The metal in, the metal furnace, after the slag is skimmed off, 
is either tapped into water, as from the ore furnaces, or into 
sand beds, according to the mode of treatment it is to be sub- 
jected to in subsequent operations. In the granulated state, it 
is called fine metal; in the solid form, blue metal, from the colour 
of its surface. The former is practised when the metal.is to be 
brought forward by calcination, Its produce in fine copper is 
about 60 per cent. : ! 

Process V.—Calcination of the Fine Metal. 
‘This is performed m the same manner as the calcination of the 

‘coarse metal, 

Process VI.— Melting of the calcined Fine Metal. 

This is performed in the same manner as the melting of the 
‘coarse metal; the resulting product is a coarse copper from 80 
to 90 per cent. of pure metal. 

Process VIT.— Roasting. 
-, This is chiefly an oxidizing process, It is performed in fur- 
naces, of the same description as the melting furnaces, although 
distinguished by the appellation of roasters. . 

The pigs of coarse copper from the last process are filled into 
the furnace, and exposed to the action of the air, which draws 
through the furnace at a great heat ; the temperature is gradually 
increased to the melting point, and the expulsion of the volatile 
substances that remained is thus completed, and the iron or 
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other metals still combined with the copper are oxidized: The 
charge is from 25 to 30 cwt. The metal is fused towards 
the end of the operation, which'is continued for 12 or 24 
hours, according to the state of forwardness when filled into 
the furnace, and is tapped into sand beds. The pigs, are 
covered with black blisters, and the copper in this state is known 
by the name of blistered copper. In the interior of the pigs, the 
metal has a porous honeycombed appearance, occasioned by the 
gas formed during the ebullition which ‘takes place in the 
sand beds on ate ai It is in this state fit for the refinery, the 
copper being freed from nearly all the sulphur, iron, and other 
substances, with which it was combined. . 

' Another mode of forwarding the metal for the refinery, still 
ractised in some works, is by repeated roastings from the state 

of blue or fine metal; this, however, is a more tedious method 
of proceeding. + mapa 
, The oxidizing processes, whether conducted in a calcimer or 
furnace, aden diy on the admission of atmospheric air into the 
body of the furnace, are greatly assisted by a patent, the exclu- 
sive right to which we purchased of Mr. Sheffield, the inventor, 
by which a constant stream of fresh air is kept passing over the 
metal. This is effected by means of a channel formed in the 
middle of the bridge, communicating with the external air at its 
two extremities, and with the interior of the furnace by square 
holes formed in the bridge at right angles with the channel. 
This has a very powerful effect in forwarding the process, and 
not only promotes the oxidation of the metals, but has the effect 
of igniting and consuming the coal smoke, assists in the disen- 
gagement of the sulphur, and, by keeping the bridge cool, admits 
of a more regular heat throughout the furnace. | ‘ 

’ Process VIII.— Refining or Toughening. 

~The refining furnace is similar m construction to the melting 
furnaces, and differs only in the arrangement of the bottom, 
which, is made of sand, and laid with an inclination to the 
front door instead of to one side, as is the case in those furnaces 
in which the metal is flowed out; the refined copper being 
taken out in ladles from a pool formed in the bottom near the 
front door. The pigs from the roasters are filled into the fur- 
nace through a large door in the side. The heat at first is mode- 
rate, so as to complete the roasting or oxidizing process, should 
the copper not be quite fine. After the charge is run down, 
and there is a good heat on the furnace, the front door is taken 
down, and the slags skimmed off; an assay is then taken out by 
the refiner with a small ladle, and broken in the vice; and from 
the general appearance of the metal in and out of the furnace, 
the state of the fire, &c. he judges whether the toughening pro- 
cess may be proceeded with, and can form some opinion as 
to the quantity of poles and charcoal that will be required 
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to render it malleable, or, as it is termed, to bring it to the 
proper i The copper in this state is what is termed 
dry. It is brittle, is of a deep-red colour inclining to purple, 
an open grain, and ‘a erystallime structure. In the process 
of toughening, the surface of the metal in the furnace is first 
well covered with charcoal. A pole commonly of birch is then 
held in the liquid metal, which causes’considerable ebullition, 
owing to the evolution of gaseous matter, and this operation 
of poling is continued, adding occasionally fresh charcoal, 
so that the surface of the metal may be kept covered until from 
the assays which the refiner from time to time takes, he perceives 
the grain, which gradually becomes finer, is perfectly closed, so as 
even to assume a silky polished appearance in the assays when 
half cut through and broken, and is become of a light-red 
colour. He then makes further trial of its malleability by taking 
outa small quantity in a ladle, and pouring it into an iron mould, 
and when se?, beating it out while hot on the anvil with a sledge. 
Tf it is soft under the hammer, and does not crack at the edges, 
he is satisfied of its malleability, or as they term it, that it is in 
tts proper place, and directs the men to lade it out, which they 
do in iron ladles coated with clay, pouring it into pots or moulds 
_of the size required by the manufacturer. The usual size of the 
‘cakes for common purposes is 12 inches wide by 18 in length. 

The process of refining or toughening copper is a delicate 
operation, requiring great care and attention on the part of the 
refiner to keep the metal in the malleable state. Its surface 
should be kept covered with charcoal, otherwise it will go back 
between the rounds of lading, the cakes being allowed to cool 
in the pot, and others laded thereon. In this case, fresh poling 
must be had recourse to: over-poling is to be guarded against, 
as the metal is rendered thereby even more brittle than when in 
the dry state. Its colour becomes a light yellowish-red ; its 
structure fibrous. When this is found to be the case, or as they 
say, gone too far, the refiner directs the charcoal to be drawn off 
‘the surface of the metal, and thus by taking down the side door, 
and exposing the copper to the action of the air, it is brought 
back to its proper pitch ; that is, it again becomes malleable. 

Are we to conclude from this, that copper in its dry state is 
combined with a minute portion of oxygen? or that some oxide 

_ of copper is diffused through, or combined with, the metal; that 
it is deprived of this by gaiina: and is then rendered malleable ; 
and that, when gone too far, itis combined with a minute portion 
of carbon; that, like iron, either substance willrender it brittle, and 
that it is only malleable in a certain intermediate state when free 
from bothcarbon and oxygen ?* Oristhe effect of the pole merely 

* Another indication of the presence of oxygen in the dry copper, is afforded by the 
extraordinary action which it has upon the iron tools ; they become bright, like iron in 
a smith’s forge, and are consumed much more xapidly than when the copper is in a 
malleable state, oN 
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mechanical, that of closing the grain, and altering the texture or 
structure of the metal ? used 
_ Itis a remarkable circumstance that when copperis gone too 
far, it oxidizes slowly on the surface, thus strengthening the 
supposition of its being combined in that state, with carbon, as 
that substance, from its union with the oxygen of the air, would 
prevent the oxidation.of the metal., The surface of the liquid 
metal.in the furnace is also more than usually, splendent. when 
over-poled, reflecting every brick in the roof, being then quite 
free from oxide. “ esis ' 
_ Sometimes when copper is difficult to refine, a few pounds of 
pig lead are added to the charges of copper. . The lead acts asa 
purifier, by assisting, on being oxidized itself, the oxidation of 
the iron or any metal that may remain,.combined with the copper, 
and not, as may. be supposed, by uniting with the copper, and 
thereby increasing its malleability. This isa mistaken notion, 
and may lead to further embarrassment, as the smallest portion 
of lead combined with copper renders the metal difficult to pickle, 
_or clean from oxide, when manufactured, as the scale or oxide 
will not rise clean from the surface of the sheets. The lead should 
be added immediately on the door being taken down, preparatory 
to,skimming, and the copper should be well rabbled, and exposed 
to the action of the air, so as to promote the entire oxidation of 
the lead. rg Hike? 
..» Copper for brass making is granulated that its surface may be 
inereased, so as to combine more readily with the zine, or cala- 
mine. rpireyes | bi athmatemat 

.) This is effected by pouring the metal from the ladles in which 
it is taken out of the furnace into a large ladle pierced in the 
bottom with holes, and supported over a cistern of water. , The 
water may be either hot or cold, according to the form to be given 
to the metals. When warm, the copper assumes a round.form, 
and is called bean shot. When a constant supply of cold. water 

“is kept up, the metal has a light ragged appearance, and is called 
feathered shot. . The former is the state in which it is prepared 
for brass wire-making. | 

Another form into which copper is cast, chiefly for exports, to 
the East Indies, is in pieces of the length of six inches, and 
weighing about eight ounces each. These are called Japan 
copper. The copper is dropped from the moulds immediately on 
its becoming solid, into acistern of cold water, and thus, byaslight 
oxidation of the metal, the sticks of copper acquire a rich red 
colour on the surface. 

The charge of copper in the refining furnaces at Hafod is 
from three to five tons. The quantity of pure copper made 
weekly in the Hafod works, is from 40 to 50 tons. yi the 12 
-months ending June 30, 1822, the purchases of ore amounted to 
24,400 tons, containing 2144 tons of pure copper. 

Contiguous to the Hafod smelting work is a powerful rolling mill. 
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It is worked by a steam-engine of 40 inch cylinder, and contains 
four pair of rolls. The cakes of copper are here manufactured 
into sheets and sheathings for export and home consumption. 
It is packed into cases which’ are lowered from the mills into 
vessels, and forwarded to ‘the different markets. The shruff, 
that is, the edges (cut off on’trimming the sheets), and the pickle 
dust, or oxide of copper, that is collected in the cisterns on 
cleaning them, are sent back to the refinery, and remelted. 

In other mills situated on the river about two miles above these 
smelting works, and worked by water wheels, are also two pairs 
of rolls for sheathing copper; a pair of rolls for cold: rolled 
sheathing ; a pair of bolt rolls, and two hammers. And at Hafod 
is a nail manufactory for casting mixed metal nails and spikes 
of all descriptions, brasses for engines, &c. 
‘These establishments contain 84 furnaces; and are lighted 

by gas lights, the operations being continued day and night. 
In these works with the engine, and the shipping dependent on 

them, from 1400 to 1500 tons of coal are consumed weekly, aftord- 
ing employment to nearly 1000 people, or support to 3000 in family, 
and producing a revenue to the port of Swansea from 400/. to 5007. 
per annum, causing a circulation in the country of 1000/. a week; 
in’ fact, we need only look to the rapid rise and prosperous 
situation of the town of Swansea, to see at once the manifold 
advantages of the smelting establishments to the neighbourhood. 
At the period of the establishment of the first.copper work ‘on 
the Swansea river, ‘about a century ago, Swansea was a mere 
insignificant village. In 1801 its population amounted to 6099, 
and in 1821 to 10,255, making an increase in the last 20 years 
of 4156. Hate he 

The trade of the port has increased to such an extent that the 
number of vessels entering its harbour now amount to 2600 
annually, producing a great revenue for the improvement of the 
navigation, and employing a very considerable number of sea- 
men, Reckoning 10 voyages'a year to each vessel, the copper 
trade would require constantly upwards of 100 sail, of 100 tons 
each. The Swansea market is frequented from the country for the 
distance of 15 to 20 miles, such is the demand for agricultural 
produce of all’sorts ; and land in the neighbourhood, owing to the 
wealth and prosperity of the town, lets for doublets real agricul- 
tural value: The ‘current expenditure of the smelting works in 
South Wales cannot be less than 200,000/. and their consumption 
and‘ export of coal upwards of 200,000 chaldrons; and in 
Cornwall from 50,000 to 60,000 souls are dependent on’ the 
mines. — e398 . 

It appears from the statement in the second volume of the 
Transactions of the Royal Geological Society of Cornwall, that 
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the produce of the different copper mining districts of the king» 
dom, in the 12 months ending in June, 1822, was as follows : 

Devonshire . «»¢.0,0.00\¢ 0049 900 ba. Dee 
StaflOrdshare, vs 00 0.n021¢9 00,410,¢ sin ae 
Anglesea... .cesieeserencncans . 738 
Other parts of North Wales .... 55 
PCOMBDG an ne roles patton: OWES 
TEGO ot ots namie ied Liklen ee LLP 

11042* 

purchased by the following companies : 

Vivian and Sons. ......5+ » +e» 2145 tons. 
Williams, Grenfells, and Co..... 2103 
Daniell and Co. ...... vvivie oola i AOSD 

. Crown Company. ......+++ o> 1257 
Birmingham Company........ . 1042 
English Company ...,..+-++++ 616 
Fox, Williams, and Co. ...,.... 580 
Freeman and Co..... ob -deuhu 504 
Mines Royal Company ...-.... 320 
Rose Company. ....++.+++ sedenie 98 
Anglesea Company, smelted..,.. 738 

11042* 

Examination of Mumia, &c. By the Rev. J.J. Conybeare, MGS, 

(To the Editor of the Annals of Philosophy.) 

MY DEAR SIR, 

resinous and aromatic nature, 

DECRTAWIOIL « & a oan kiitian © Adbed tet 9331 tons. 

ArTicLe VI. 

“> 

Bath Easton, Jan. 14, 1823, _ 
Ir is well known that the substance found in the interior of 

Egyptian mummies, and thence termed mumia, once obtained 
not only a place, but a high reputation, in the Materia Medica, 
Its use was not entirely exploded so late as the days of Neuman, 

_ who justly ridicules the folly of such as believed it possessed of 
any virtues beyond those of other and cleaner preparations of a 

Neuman too, was, as far as 1 am 
aware, the last person who subjected it to chemical examination. 

* There is an errorin this account; the amount is 11448, instead of 11042,.-Hdit, 
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He obtained from four ounces of this substance 

: Ounce, Drams. Scruple, 

Fixed salt . ean eevee 1 eeeese 0 

Gummy extract. .... 0 0. ¢ee 5D cveeee 
IER CE nae) ocaaed ee aac E 

The remainder (nearly two ounces) he considered as insoluble, 
and as composed (as I gather from a foregoing pesverah) of 
asphaltum and earthy matter. (See Neuman’s Chemistry,  p. 
552.) Some later authors appear to suppose the mumia to con- 
sist entirely of asphaltum. (See Thomson’s Chemistry, vol. ii,) 
Having obtained a portion of this substance taken from 
the skull of a mummy, and unquestionably genuine, I sub~ 
mitted it to a careful examination, and obtained the following 
results : / 

1. By digestion in water, it affords a small portion of extract- 
ive matter, of a dark reddish-brown colour, which, during evapo- 
ration by boiling, emits a disagreeable and somewhat urinous 
smell, readily oxidates, and thus becomes only partially soluble. 
The aqueous solution contains also a very minute portion of 
earbonate of soda. 

2. Alcohol digested on the mass, previously acted on by water, 
dissolves a considerable portion. The solution is of a dark- 
brown colour; when mixed with water, it becomes turbid, and of 
a much lighter hue. No precipitate falls, nor does any altera- 
tion take place (except by evaporation) in the emulsion, if it may 
be so termed, thus produced. Evaporated to dryness.in a glass 
vessel, the alcoholic solution leaves a residuum of a dark-brown 
colour, readily fusible by heat, semitransparent, of a glossy 
lustre, and powerful odour. ‘This portion, therefore, may be 
considered as consisting of one, or perhaps more, of the gum- 
resins. 

3. The portion which resisted the action of alcohol dissolved 
readily, and almost entirely in sulphuric ether. The solution 
was of a much deeper and blacker-brown than No. 2, and gave 
by evaporation a copious residuum, which, when dried, had all 
the characters of asphaltum. 

4. There remained yet undissolved a very small portion of 
carbonaceous, and, perhaps, earthy matter, in which the lens 
detected some minute fibres not unlike those of decayed vegeta- 
bles. As the mixture is evidently mechanical, and as I found by 
even rude experiments of comparison that of its principal ingre- 
dients (the resinous and bituminous), sometimes the one, and 
sometimes the other, was in excess, I have not attempted to 
give their proportions in numbers. 

he mumia examined was taken, as before stated, from the 
interior of a skull. Herodotus informs us, that the so filling the 
skull (previously emptied of the brain) formed a part of that only 
which was. deemed the most sumptuous mode of embalming. 
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The specimen, therefore, may be regarded as mumia in its most. 
perfect state. It appears to differ from that examined by Neu- 
man chiefly (supposing that I am nght in considering his resi- 
duum of two ounces as asphaltum), in the small proportion which 
it gives of saline and extractive matter. It is probable that .a 
mass taken from any other part of the body might retain the 
salt originally added for the purpose of preservation, and a 
greater proportion of decayed animal or vegetable matter, either 
of which would probably afford an extractive soluble in water. 
The carbonate of soda obtained in the present case could not. 
have exceeded the proportion in which Neuman states himself 
to have found an alkaline salt in native asphaltum (seven grains 
in two ounces). Herodotus (it may be added), does not describe 
the substance used for filling the scull; he simply says, they. 
injected certain drugs (¢uppexa). The compound used for fillmg 
the body, he states to have consisted of myrrh, cassia, and 
other aromatics. - His editor Wesseling (who yet wrote after the 
publication of Neuman’s works), has a note which insinuates a 
doubt of the accuracy of the historian on the authority of Nar- 
dius, and: other early writers, who aflirmed that they found 
nothing in the mummies which they examined but masses of bitu= 
men. They were probably deceived by its external appearance, 
and unacquainted with the method of ascertaining its constituent 
parts. It is remarkable that Herodotus does not specify the use 
of bitumen, unless we regard him as including it im the general 
term aromatics (Qvwuetx). Mumia, though long since discarded 
from the Pharmacopeia, has, I believe, retained some value as 
a pigment, especially with those artists who are somewhat of 
dilettanti in the choice of their materials... I am not sufficiently 
acquainted with the practical part of oil-painting to say with 
what justice. It may possibly afford a somewhat richer brown 
than the common asphaltum. ' 

I have during the last week had an opportunity of ascertains 
ing the indestructibility of common amber... A bead of that sub- 
stance dug from a British tumulus.on Mendip, where, it must 
have remained on a low computation’ for 1600. years,,though 
rifty, and covered externally with a thin crust nearly opaque, 
yet retains in the rest of the mass its peculiar fracture and tran- 
sparency, and when exposed to the action of sulphuric ether, is 
dissolved as readily as specimens recently dug, and more care- 
fully preserved, 9 Bia. . HALAS 

Having obtained through the kindness of a friend (T. Grimes, 
Esq.) a further portion-of the bituminous substance found near 
Merthyr Tydvil, to-which:1 have ventured tougive the name of 

———S ee eee 



1823.] Accumulation of Bones in the Vale of Pickering. 127 

Hatchetine,* I am confirmed in my opinion as to its differing” 
specifically from every variety of bitumen yet described. As in 
its external aspect, it partially resembles the napthaline obtained 
by Dr. Kidd,+ I wished to ascertain whether it resembled that’ 
substance in one of its most striking empirical characters. I 
made, therefore, a small candle by covering a cotton wick with 
hatchetine, softened by the heat of a warm hand.’ On lighting 

it, I found that instead of producing the bulky smoke which’ 
issues from a candle of napthaline, it gave a remarkably clear 
and bright light, and when blown out exhibited no trace of the’ 
beautiful phenomena described by Dr. K. 

Sulphuric ether dissolves it, as I have before stated, entirely ; 

but somewhat sparingly. If thus treated in somewhat larger 
portions than the solvent is capable of taking up, it first sepa- 
rates into small lamine of great tenuity and brilliancy, not 
unlike the scales scraped from the bleak for the purpose of 
manufacturing artificial pearls. After a time, these increase in 
bulk, lose their brilliancy, and concrete by uniting with a portion 
of the ether into a light mass, much resembling common opo- 
deldoc. The increase in bulk is very striking, especially in a 
substance already so light as hatchetine ; it must at least be as 

40 to 1. The mixture is now found to contain two distinct 
compounds ; the one a fluid solution of hatchetine in ether; the 
other, a combination of the same substances in a more solid 

form, The addition'of water to the ethereal solution separates 
the hatchetine as a thin greasy pellicle, transparent, and of a 

consistency between that of oil and tallow. Neither ty this 
process nor by evaporation have I ever found it to reassume its 
flaky or semicrystalline aspect. 

, Iam, my dear Sir, very truly yours, 
J. J. CONYBEARE. 

ARTICLE VII. 

On the Origin of the Accumulations of Bones in the Caves of 
the Vale of Pickering, in Yorkshire, and other Places. By 

’ G, Cumberland, Esq. MGS. 

(To the Editor of the Annals of Philosophy.) 

SIR, eg Bristol, Dec. 10, 1822." 

Mveu has been ingeniously written and reviewed on the sub- 
ject of the accumulation of Rossa of various animals found in 
the caves in the vale of Pickering, in Yorkshire, and the probable 
mode in which they were brought there ; but the general dispo- 

_* See Annals of Philosophy for Feb. 1821. ‘ 
+ See Philosophical Transactions for 38260 kd 
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sition to believe it to have been the work of the hyena, [am free: 
to confess does not satisfy me, since there is a much easier way, 
to account for it, failed. on a great event, now, I believe, dis- 
puted by no party of geologists whatever, and a strong proof of 
which we may, acquire from the limestone caves near Plymouth, 
if any were wanted. | 

Wherever there are limestone rocks, or any usually termed 
secondary, immense irregular cavities are found, whose forms 
distinctly point out their origin to be from subsidence, and these 
are so numerous in Yorkshire, Derbyshire, and Somersetshire,, 
that itis needless to insist onthem. Those of the Peak, Pool’s 
Hole, and those near Wells, are well known; but smaller ones 
are, tn the neighbourhood of Bristol, continually opened by our; 
quarrymen ; and I have witnessed several, now broken up, parti- 
cularly one at Redland, of some hundreds of feet in length, at 
different levels, yet connected by narrow passages with many 
smaller ones; the whole resembling, when the section was laid 
open, those settlements we -often find in ancient castle walls, 
when undermined and sinking to decay. 

These short of cavities are called in the west of England 
swallowits, from their heing the conveyers of land-waters to the 
interior reservoirs in the limestone hills, and usually commence, 
with a funnel-shaped cavity on the levels on the tops of the hills, 
and thus the great spring at Chedder is fed, which, in the 
autumn, bursts out from overflowing reservoirs : thus decidedly 
proving that great and terrible subsidences have occurred at some 
time or other, among these stratified hills, whose interstices 
probably were once nearly horizontal, resting on intervening 
clay, marl, or schistous clay, the material of which was no doubt 
the body that helped to launch them from their original position 
when. first cht, by that fluid which once covered the earth, 
and by its lateral and downward pressure produced those effects 
which must have been the cause of a considerable change in the 
position of the rocks, such as is made evident on the sides of the 
Avon, near Bristol. 

Now, Sir, I apprehend what the quarrymen did at Oreston, 
near Plymouth, viz. opening a way into one of these cavities 
by art, nature had done in the vale of Pickering by the action o 
the retreating waters of the great Noahtic flood, which undoubt- 
edly must have torn away many large fragments of the sides of 
the hills in its passage downwards; and hence the discovery of 
this winding cave, so common in limestone hills. Thus much 
for the facts of the two caves. And it so happens, that in the 
cave, one mile from Plymouth, so effectually examined by 
Mr. Joseph Coldle of this place, there were found (and I have 
seen them) teeth of horses in abundance, those of deer, of seve- 
ral species of kine, many connected with their jaws, several 
specimens of wolves’ and hyenas’, a few of tigers’, and of other 
animals a great number, some resembling’ otters’ ; they are also 
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of great variety of sizes, and many much worn down, of which 
he will no doubt, by and by, give a particular account to the 
public. Suffice it for our purpose, that these and an immense 
number of bones of horses, many of the legs complete, though 
small, were all found enclosed in a cavern that might almost 
have been said to have been hermetically sealed until the quarry= 
ers broke into it on cutting’down a wall of limestone for masses 
tocomplete the Breakwater. Wesee, therefore, that these could not 
have been brought there by either wolves or hyznas, as all were 
involved in one common ruin when the hill closed on them at its 
subsidence ; and, like the Yorkshire cave, this had at its bottom 
mud in abundance, by carefully searching into which Mr. Cottle 
disclosed these interesting remains, after some of the larger 
bones on the surface had been extracted by earlier visitors. 
‘Among the teeth and bones, many are very well preserved ; 

even many teeth have their enamel perfect, especially those of 
the tiger and the hyena’; and many of the bones are so saturated 
with the matter of stalactite as to be almost fossil. 

From all these circumstances, it is plain that these animals 
were at some time congregated in this cave for security (for only 
necessity could have brought that about on account of their very 
different habits), and it seems probable to me, that to this cir- 
cumstance alone we owe these great monuments of the Noahtic 
flood ; for all bones that have not been so preserved must inevi- 
tably have partaken of that friction which we see has even 
rounded the quartz fragments, and left only the debris of tusks 
and teeth, and other deposits, among the alluvial gravels ; and as 
the remains are quite similar in both the caves, I think we may 
be allowed to conclude, that both assemblages of animals had once 
been in asimilar-situation ; that is, totally enclosed by the subsi- 
dence of the rocks under which they had taken shelter from the rising 
waters at the dehige. Much stress has been laid on the bones hay- 
ing been gnawed in the Yorkshire cave; but that, I think, can 
oy prove that some outlived the others; and, being shut up, 
made their last meals on them; as rats, it is known, will do, 
when long enclosed in a vessel without other focd than their 
own species. And as to the dung of hyenas, dogs, or wolves, 
found in the Yorkshire caves, that would naturally have been 
preserved where bones were not decomposed, being chiefly, if 
not altogether, a phosphate of lime, I believe. With the greatest 

ect for the opinions of the gentlemen who have given us 
their very plausible conjectures on the first cave, I take the 
liberty to request your publication of mine; for truth must be 
the object of us all. yes Yours, &c. 

‘3 , G..CUMBERLAND. 

P.S. Animal matter of half an inch in thickness, it is said, 
covered the surface of the mud, which was about two feet deep; 
but none:of this has been preserved for examination. - 

New Series, vou. v. K 
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ArticLe VIII. 

Account of a new Mineral. By Mr. A. Levy, MA. of the Uni- 
versity of Paris. ; 

(To the Editor of the Annals of Philosophy.) 

SIR, Great Russell-strect, Bloomsbury, Jan. 23, 1823. 

In the select collection of minerals lately Mr. Heuland’s 
small private collection, but now the property of C. H. Turner, 
Esq. 1 found two specimens from the Seisser Alpe in the Tyrol, 
containing small brilliant transparent crystals, which were 
described as datolite ; but which, from their crystallographical 
characters, ought, I believe, to be separated from that mineral 
species. 

In order that the difference between the two substances ma 
be the better shown, I shall first : 
describe one of the new varieties Fig. 2. 
of datolite which I have observed 
in the same collection. This va- 
riety is represented by fig. 2, and 
indicates for the primitive form a 
right rhombic prism, the lateral 
planes of which would correspond 
to the faces marked m, and the 
base to the face p. Moreover, in 

1 

order to make the face °a, the result of a simple decrement on 
the lateral angles of this prism, it is necessary to determine 
its height by, assuming that the face a' is produced by a decre- 
ment by one row on the obtuse angle of the base. If the 
height were to be determined by any other condition, it would 

PG 

make the faces ‘a the result of an intermediary decrement. The 
dimensions of the right rhombic prism being thus determined, 
not only the modifications of the crystal represented in fig. 2, 
but all that I have observed, result from very simple decrements 
on its different parts; there can be no objection, therefore, to 
consider it as the primitive form. Now I find, by the reflective 
goniometer, that the incidence of 

Pon 7118s". etek és.» oecepeu ane ae 
PUTA do in cease 00 oe opel eleaee eee: koe 
a' on p. Seve Peete eT ee || 46 

The first of these incidences was to be expected from the 
Jaw of symmetry; it results from the other two, that the primi- 
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tive form of datolite may be consi- 
dered as a right rhombic prism, 

Fig. 1. 

tig. 1, of 103° 25’, in which one ates b 

side of the base is to the height, ¢ Peles $s e 
in the ratio of sec. 51° 42’ 30” to 9 

tang. 32° 14’, or, nearly, as 13 to 4| 
15. Uaiiy, in the new edition of 
his Traite de Minéralogie, has 
preseived the determination he had previously given of the pri- 
nitive form of datolite. It is, according to him, a right rhombic 
prism of 105° 28’, in which the length of one side of the base is 

‘to the height in the ratio of 3 to 10. This determination 
differs from the preceding by 6° 3’ in the incidence of the lateral 
‘planes. Itis not likely, therefore, he had measured the same 
rangle as I have. I suppose that the lateral planes of his 
ptimitive form are those of some modification of the one I have 
adopted, composed of two pairs of parallel planes, and must 
consequently be the result of some decrement either on the 
angles of the base, er on the lateral edges. This modification, 
two planes of which should be inclined at an angle of 
109° 28’, I have never observed, nor does any simple law of 
decrement give any thing very near it. | 

Prof. Mohs in his Natural Historical System of Mineralogy, 
has called the crystallization of this mineral hem2-prismatic, and 
as this denomination is applied only to those substances, the 
crystalline forms of which may be conceived to be derived from 
an oblique rhombic prism, it might be inferred that he does: 
not consider the primitive form of datolite to be a right rhom- 
bic prism. But it appears to me that this inference would be 
in contradiction with the incidences he has given for the faces 
of the octohedron he takes for the ground form of this sub- 
stance, since they are calculated in the hypothesis the result of 
a decrement by one row on the edges of the base of the primi- 
tive form adopted by Haiiy. However, there can be no doubt, 
I presume, from what I have stated, that the forms of datolite 
can be derived from a right rhombic prism. 

I shall now describe the crystals from the Tyrol which I have 
already mentioned. The greater : 
number of them have the form ~ 
represented by fig. 4, which is 
obviously a rhombic prism, the 
edges and angles of the base 
of which are not similarly mo- 
dified. Consistently with the law 
of symmetry, this form cannot 
be derived, like those of dato- 
lite, from a right rhombic prism, 
but only from an oblique one ; 
and, therefore, according to ny 

K 
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principles of classification generally adopted, these crystals 
should form a distinct mineral species, 

The face marked p in fig, 4, is always very small; and in the 
crystals I have measured, it is entirely obliterated. The angles 
which I could measure with the greatest accuracy, were. the 

incidences of m on m, that of d~ on m, and that of ¢' on the simi- 
lar face below. I could, besides, deduce from my measurements, 
that, supposing the faces m, m, to correspond to the lateral 
faces of the primitive, the plane p to the base of it, and 
e' to be the result of a decrement by one row on’ the angles 

e of the base, then d’ might be considered as produced by. a 
decrement by two rows in height on the edges d. These were 
the data from which I had to determine the dimensions of the 
primitive form, as the other incidences that I measured could 
not be relied upon. For this purpose J made use of the follow- 
ing formule relative to an oblique rhombic prism; the inyestiga- 
tion of which presents no difficulty. 

h sin. (p, m) . sin. (dz, m) 
cS n 

sin. (m1, m) . sin. (d, p) 

Li h sin. (p, m) 

Xe sin. $ (m, m) . tang. (e¥, p) 

h is the length of the lateral edge, one side of the base being 
supposed to be equal to one, axd (mm, m), (p, m), (d*, m), (e', p), 
denote, respectively, the incidences of m on m, of pon m, of a 
face produced by wv rows in breadth on the edge d of the base 
on m, and of a face produced by y rows in breadth on the angle 
e of the base on p*. To apply these formule to thé present case, 
it is sufficient to observe, that here x = 1 and y = 1. ; 

Substituting these values in the two preceding formule, and 
dividing the one by the other, there will arise . 

tang. (e', p), sin. (d*, m), = cos. 1 (m, m), sin. ad, p): 

The only unknown quantity in this equation is the angle 

da, p), as the others are precisely those which I could measure 
with accuracy. The angle (e', p), is not the immediate result of 
observation, but is evidently the supplement of half the incidence 

of e' on the similar face below it, The angle Ce P) will, 
therefore, be easily calculated, and by subtracting 180° from the 

sum of the two angles ca, p), (d°, m), the value of the angle 
{p, m), will be obtained, This last angle being known, the first 

; 
* I think that this notation, which consists in denoting the incidence of two faces, by 

placing their crystallographical signs, separated by a comma, between two brackets, if 
generally used, would considerably abridge the language of crystallography... I believe 
it will also be found very convenient to write, as I have done in figs. 2 and 4, on each 
face of the drawing of a crystal, its crystallographical sign. It is certainly preferable to 
the method used by Haiiy and the Count de Bournon; in which each new modification 
is designated by a new sign which has no reference to the decrement that produces it, 
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formula will give the value of /, and thus the dimensions of the 

primitive form will be completely determined. There will then 

be no difficulty in calculating from the measured incidences of 

the other faces, either on m, or some other known plane, the 

indices of the decrements from 

which they are derived. Thus I Fig. 3. 

find that the primitive form may 

be supposed to be an oblique 
rhombic prism, fig. 3, in which 

the incidence of m onmis 115°45’, 

that of m on p 91° 25’, and one 
side of the base is to the lateral 
edge nearly in the ratio of 15 to 
16. The letters placed on the 
faces of the crystal, represented 
in fig. 4, indicate respectively the 
decrements which produce them, 
and theirincidences on p and mare 
as follows : 

Incidence of h' on p....+-s. 91° 41’ 30” 
GPE Pats bie =: eye" 128 45 0 
POON Pose ness ae eo 
OF OL Poo turs wera | seria a 

d’ onm....... 157. 6 30 
B.0N Mis: Jenks 138 55 10 

Bon m «et. 127. 6 30 
GOR Msksvese tty is. 

I was unable to measure the faces marked 7 in the drawing + 

they result from an intermediary decrement. The intersections 

of these faces with the two faces m and 0° appear to be parallel. 

Therefore, by supposing the face o* the result of a decrement by 

one row instead of two, the faces i would be produced by simple 

decrements on the lateral angles 0 of the prism. In this hypo- 

thesis, the ratio of h to d would be half what I have taken it, 

and the indices of all the modifications observed, except 

that of h’ should also be divided by 2. The oblique rhom- 

bic prism, the dimensions of which have just been stated, does - 

not possess the property which, according to Haiiy, belongs to 

all primitive forms of this kind, and which consists in their hav- 

ing such dimensions that the diagonal joining the solid angle o, 

fig. 3, with its opposite, is perpendicular to the edge h. Butin 

the present case, the incidence of p on m being nearly 90°, it is 

very obvious that if the ratio between / and one side of the base 

of the prism were determined by such a condition, it would be 

considerably less than I have made it; and consequently that 

even on the supposition that the observed modifications could be 
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derived frem a prism with such dimensions, there can be no 
doubt but that the indices of their decrements would be very 
complicated, when compared with those resulting from the ratio 
of the edge h to the edge d, which I have assumed. Thus, 
although the alleged property of oblique rhombic prisms may 
really exist in the primitive forms of some substances, yet this: 

example proves that it is not of universal occurrence. 
{ am sorry that I cannot add to the determination of the primi- 

tive form of this substance, a satisfactory account of its physical 

and chemical characters, but the quantity of it which I could 

procure was so small, that no very decisive experiments upon it 

could be made. Dr. Wollaston, however, to whom I never 

applied in vain for assistance, was so kind as to examine a very 

minute quantity cf it; and he found it to contain the same prin- 
ciples as datolite. I[t still remains to determine in what propor- 
tion these are combined, if in the same as in datolite, or as in 
botryolite, or whether it differs from both in this respect. 

The mineral is sufliciently hard to scratch fluor spar, but it 
will not scratch glass. I found an indication of cleavage, paralle? 
to a plane passing through the small diagonals cf the bases of 
the primitive prism. In one of the two specimens in which J 
have observed it, it is mixed with carbonate of lime; and in the 
other, with the same substance, and with small flat crystals of 
apophyllite. 

Should it be found necessary to designate this substance by a 
new appeliation, when an exact and complete chemical analysis 
of it shall have been inade, I would propose to call it Humbold- 
ite, from that eminent philosopher to whom natural science is 
so much indebted ; and [ hope that he would see, in the liberty 
{ had taken of associating his name with this new mineral, no 
other motive, than my desire to evince the respect and gratitude: 
J have for him.* 

I am, Sir, yours, Ke. 
A. Levy. 

_ * Itmay be useful to remark, that the name of Humboldt is already recorded in mine-- 

ralogical nomenclature; for the protoxalate of iron found by M. Breithaupt in friable 

lignite at Kelowserux, in Bohemia, has been denominated Iwmboldtine by its analyst, 

MM. de Rivero.—(See Ann. de Chim. xviii. 207, or Journal of Science, Ke. xii, 422.)— 
Edit. 
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ArticLe IX. 

Memoir illustrative of a general Geological Map of the principal 
Mountain Chains of Europe. By the Rev. W. D. Conybeare, © 
FRS. &c. 

(Continued from p. 16.) i 

[Some copies of the map having been, in the haste of publica- 
tion, incorrectly coloured, the reader is requested to compare the 
colours with the dotted outlines. Where they do not coincide, 
the former are erroneous; the errors are generally of a nature 
which will admit a ready correction by these means. It will be 

seen that some parts of the present article are taken from a 
former publication by the same author.] 

Carboniferous Series. 

The carboniferous series, considered in the largest acceptation 
of the term, comprises, besides the coal measures properly so 
called, certain other formations of limestone and sandstone, so 
associated with them, that the attempt to separate them would 
materially interfere with the clearness of a natural division. 

1. The coal measures, properly so called, consist of numerous 
alternations of seams of coal with beds of slate clay and sand- 
stone. 

' 2. These repose on an alternating system of shale and grit, in 
which the peculiar limestone characterising the coal districts 
makes its first appearance in any considerable quantity. The 
coal seams here become few and unimportant. 

3. A system succeeds characterised by the predominance of 
the limestone called, from its relation to the coal fields, carboni- 
ferous. The coal seams in this. system are reduced to slight 
traces which have never yet been worked. 

4. A vast deposit of quartzose conglomerate and sandstone, 
commonly called old red sandstone, forms the lowest formation 
in this great natural order. No coal has yet been observed in 
or below this formation.* 

5. Trap rocks of various kinds (basalt, greenstone, porphyry, 
and amygdaloid) occur associated with the preceding formations 
in various modes of combination, as dykes, irregularly interposed 
or overlying masses, and sometimes as alternating beds. The 
phenomena are such as often to render it doubtful whether they 
are of cotemporaneous origin with the rocks among which they 

* The case of Portishead Point cited by Mr. Weaver as 2ffording an example of this 
position is erroneous; the coal is there associated with the regular sandstone of the coa 
measures, and reposes very distinctly on the great carbonifcrous limestone. Mr. W 
who had not visited the place himself, was misled by an incorrect report. I hav 
enees examined the spot in company both with Prof, Sedgewick and Prof. Buck 
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occur; and in the opinion of many geologists favour the hypo- 
thesis of their ignigenous formation. 

All these formations are shown in their constant and regular 
order of succession in the greater part of the English and Irish 
coal fields ; and the only Scotch coal field of which we have 
any distinct account (that of Clackmannan), entirely harmonises. 
The structure of the carboniferous districts of the Netherlands, 
and (if we may judge from Beudant’s description), of Hungary 
also, is exactly parallel. In some instances, however, the third 
and fourth systems being deficient, the coal measures repose 
immediately on the transition limestones, slates, &c. (as in Cole- 
broke Dale, and Dudley, in England; in the Hartz, and many 
places on the Continent. 

. The order of superposition, howeyer, is never inverted, nor 
as there oie single mstance on xecord in which any workable seam 
of coal has been found below the third or fourth system above 
enumerated, unless we consider the anthracite sometimes asso- 
ciated with transition slates, and which may be readily distin- 
guished from the true coal formation, as an exception, 

The limestones of the third series, and the conglomerates and 
sandstones of the fourth, are generally referred by continental 
geologists to the transition class. (See Von Raumer on the 
Slate Mountains of the Netherlands, &c. Daubuisson, Geologie ; 
Beudant, Hongrie; Humboldt, &c.), The representations of 
every one of the above writers render it absolutely impossible 
to confound the rothetodteliegende of Germany with the conglo- 
merates of the fourth system above described. 

I have, in another work, assigned my reasons at length for 
constituting a separate order to include the whole of these four 
systems rather than referring any part of them to the transition 
class with which, however, they are very nearly allied.- 

The geologists of the Continent very commonly consider the 
rothetodtelieyende (a formation immediately overlying the coal 
measures), as forming part of this series. 

I prefer the view entertained by Prof. Buckland, who has, in 
repeated journeys in the north of Germany, minutely examined the 
relations of the rotheliegende with reference to this question, and 
who considers it as the lowest member of the great sandstoneseries 
forming the next natural group above the carboniferous series. 
Though conscious how little weight my own evidence will add to 
this high authority, I may briefly state that my own personalexami- 
nation of the Thuringerwald led me to the same conclusion. I 
have only at present to repeat my assertion, that Lehman, Freis- 
leben,* Von Buch, Von Raumer, Karsten, Keferstein, Daubuis- 

* Although I purposely avoid entering into details at present, I shall subjoin one 
extract from Freisleben, which is entirely decisive. He observes that some geologists 
are inclined to consider the coal rocks and the rotheliegende as subordinate members of 
one great formation ; but opposes his own view of the subject to theirs, stating that he 
considers them ‘ als zwey einander zwar ganz nahe stehende, aber dennoch von cinander 
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son, and Humboldt, all concur in assigning to the great mass of 

the rothetodieliegende a position above the coal measures. As 

that assertion has been questioned, I shall shortly support it by 
detailed quotations in their own words ; and | have only to 

regret a controversy which renders inevitable a method of proof 

that must necessarily occupy so many pages usually devoted to 

much more interesting and valuable matter. 

[have thought it necessary thus far to explain the principles 
on which I proceed in separating the consideration of the rothe- 

todteliegende from the description of the continental coal 
districts. 

A rock placed-exactly in the situation of the rotheliegende 
(that is, between the coal measures and magnesian lime), 

is specified in Smith’s map of Yorkshire, under the name of the 

Pontefract rock. He classes it with the coal measures ; but the 
course he assigns to it is unconformable to these, and conforma- 
ble to the superjacent magnesian limestone. This rock ought to 

be carefully examined and described. 
It should be observed that as the rocks overlying the coal 

measures cover them unconformably throughout England, 
instead of succeeding in a regular and conformable series, we 

have no evidence that the highest beds of the coal formation are 

zu trennende formationen,” as two very neaily allied formations, but nevertheless dis- 
tinct from each other ; and, conformably with this view, he carefully distinguishes cer~ 
tain coal seams which, according to him, actually are subordinate to the rotheliegende 
from the true coal formation. ‘* My observations,” he states, ‘* lead to the conclusion, 

that a part of the beds hitherto referred to the coal formation (properly so called) ought 

to be separated from that formation, and regarded as subordinate to the rotheliegende. 

“ Bin theil der bisher zu den cigentlichen Steinkohlen gebirgen gerechneten Steinkohlen 

flosse von solchen abzusondern, und dem rothlicgenden unterzuordnen ist.” Mr. Wea- 
yer has suffered himself to be misled by neglecting to advert to the circumstance, that 
the passages he has quoted from Freisleben, as proving that the coal formation generally 
is included in the rotheliegende, have no kind of reference to the “‘ eigentlichen Stein~ 
kohlengebirgen,” the proper coal formation, but are confined to that part of the series 
thus carefully separated from it by that author on account of this very position. The 
cause that seems to haye led to this misconception is, that the two formations being con- 

terminous, the true coal formation, and these subordinate beds, often occur nearly in the 
same localities. A careful collation of the map accompanying Freisleben’s work with 
his text removes in the most convincing manner this source of confusion. 

The plan of Freisleben’s work does not extend to the coal formation properly so called. 
I should add that the passages above cited from Freisleben are not incidental notices ; 

but form the express declaration of his opinion on this point deliberately pronounced in 
the section dedicated to the consideration of the relations to which they refer. 

I refer to the account of the environs of Glatz by Von Buch for his testimony in this 
controversy. Dr. Anderson’s notes in this translation of that work will convince Mr, 
Weaver that I am not singular (as he appears to suppose) in my interpretation of Freis- 
leben’s sentiments, but have the authority of those best versed in the geological writings 
of Germany. 

Freisleben cites from an author (Karsten) who classes the coal and rotheliegende toge- 
ther as subordinate members of one great sandstone formation, the following enumera~ 
tion of the several beds included by him in that formation, taken in an ascending order, 
1. Conglomerate of ancient rocks. 2. Siliceous conglomerate. 3 to 8. Coal sandstone 
and shale. 9. Trap rocks. 10, Clay ironstone. 11, Rotheliegende. , 12, Weiss~ 
liegende. Now if we look among these rocks for the representative of our own old 

sandstone, it must be sought in Numbers | and 2, not in Number 11. 
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in any part of the island displayed, inasmuch as all the beds of 
that formation come indifferently into contact with the super- 
strate. It is possible that were those highest beds visible, they 
might be found to exhibit a gradual transition (as is the case in 
so many otherinstances) into the characters of the next sandstone 
series. If we are to refer the rotheliegende to the coal forma- 
tion in any manner, it can only be in considering it as thus inter- 
mediate in place and character between the regular coal mea- 
sures and the sandstones of the next era. 0 identify it in any 
way with the lowest beds of ihe whole systen isto invert every foun- 
dation of geological arrangement, aud to unsettle all those princi- 
ples to which the science owes its present precision. 

DistriBuTION OF THE CARBONIFEROUS SERIES. 

(A.) Coasts of the Baltic. 

Following the same course which was pursued in indicating 
the distribution of the ancient chains, we may first trace the 
coal formation, where it appears to rest against the most north- 
erly of these chains, that of Scandinavia. 

In this line, we find coal in the island of Bornholm, and again 
in Sweden on the south of the primitive tract near Helsingborg, 
at the mouth of the Baltic. 

(B.) Scotland. 

If we regard the Grampian mountains as a prolongation of the 
Scandinavian chains, the great coal district of Scotland must also 
be considered as similarly related to those above-mentioned. 
It occupies the tract forming what may be called the great 
central valley of Scotland (speaking relatively, for considered in 
itself its surface is very considerably varied), which lies between 
the great transition chain on the south, and the still loftier primi- 
tive ranges of the highlands on the north. The whole of this 
wide tract is occupied by the coal measures, the carboniferous 
limestone, and the old red sandstone, associated in every possi- 
ble manner with vast accumulations of every variety of trap. 

In the low district on the east of Sutherland, where the 
secondary formations again intrude among the primitive high- 
land chains, coal has been discovered at Brora; but from the 
slight description incidentally given of this tract in the memoir 
of Mr. Bald (vol. iii. Trans. wea Soc.), before referred to, it. 
may be conjectured that this does not belong to the principal 
coal formation, but to those beds which occasionally occur in 
more recent formations, being, perhaps, of the same era with 
the coal of the Cleaveland district in Yorkshire. 

In Dumfrieshire, near the southern or transition chain of 
Scotland, we find many limited coal-fields reposing against, or 
forming narrow basins in, the valleys of the latter chain; these 
are associated with, and rest upon as usual, thick beds of the 
carboniferous limestone. ; 
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‘Trap rocks (porphyry, greenstone, basalt, &c.) occur exten- 
sively associated with and overlying the coal districts of Scotland. 

(C.) Ireland. 

. We shall next proceed to Ireland, postponing the enumeration 
for the present of the English coal districts ; because the former 
country is more immediately connected in its geologica! relations. 
with Scotland. 

As we have already traced the primitive and transition chains 
from the south-west of Scotland to the north-east of Ireland, 
the formations of the great central valley of Scotland here like- 
wise intervene, and among them the coal measures, which may 
be seen emerging from beneath the overlying basalt at Fairhead 
on the north-east, and again just beyond the south-west of the 
basaltic area at Coal Island and Duncannon; but other parts of 
Ireland present far more important coal districts. Indeed the 
island may generally be described (with the exception of the 
north-east basaltic area) as being almost surrounded with a series 
ef primitive and transition groups, including a great central area 
entirely occupied by the old red sandstone, carboniferous lime, 
and coal measures. ‘The structure of these districts very closely 
corresponds with the tracts of the same formation in England. 

The coal district already mentioned is termed by Mr. Griffiths 
the. Ulster coal district. There are three other principal coal 
fields. 

2. The Connaught coal district occupies an extensive tract, in 
the cenire of which Lough Allen is placed. . 
.3. The Leinster coal district is situated in the counties of 
Kilkenny, Queen’s county, and county of Carlow. lt also 
extends a short distance into the county of Tipperary, as far as 
Killenaule. This is the principal carbonaceous coal - district. 
It is divided into three detached parts, separated from each 
other by the carboniferous limestone, which not only enve- 
lopes, but in continuation passes under, the whole of the coal 
district. 

4. The Munster coal district occupies a considerable portion 
of the counties of Limerick and Kerry, and a large part of the 
county of Cork. It is by much the most extensive in Ireland ; 
but as yet there is not sufficient information respecting the num- 
ber, extent, or thickness, of the beds of coal it may contain, 

(D.) England. 

The coal fields of England will, from geographical position, 
naturally fall under the following arrangement: 1. The great 
northern district, including all the coal fields north of Trent. 
2. The central district, including Leicester, Warwick, Stafford, 
and Shropshire. 3. ‘lhe Western district, which may be subdi- 
vided into North-western, including North Wales, and the South- 
western, including South Wales, Gloucester, and Somersetshire. 
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Physical circumstances also confirm this geographical arrange- 
ment. 

1. The Northern District.—A chain of hills, denominated in 
the time of the Roman colonists of Britain the Penine Alps, 
forms a continuous ridge (locally, I believe, called the back lope 
of England), through the northern counties, from Northumber- 
land to Derbyshire. At its northern and southern extremities 
{that is to say, in Northumberland, and the West Riding of 
Yorkshire, and in Derbyshire), this chain exhibits the carboni- 
ferous limestone (No. 3 of the carboniferous series). All other 
parts of it are composed of the shale and grit (No. 2); round the 
sides of this chain the regular coal measures (No. 1) are disposed 
so as to constitute several distinct fields. ; 

These may be enumerated in the following order: (a) The 
great coal field of Northumberland and Durham. (6) Some ~ 
‘small detached coal fields in the north of Yorkshire. (c) The 
great coal field of South Yorkshire, Nottingham, and Derby. 
On the south, we find only (d) some successful trials for coal in 
the neighbourhood of Ashborne, which have, however, never 
been further prosecuted. On the west (e) the coal field of North 
Stafford. ') The great Manchester, or South Lancashire coal 
field. (g¢) The North Lancashire coal field. (4) The White- 
haven coal field ; between this and the preceding coal field, the 
transition mountains of Cumberland rise on the western side of 
the Penine chain, bret a zone of carboniferous limestone is 
detached from the Penine chain, and mantles round this group. 
On the north-west of this zone, the last mentioned coal field 
reposes. (?) The indications of coal at the foot of the western 
escarpment of Cross Fell. 

2. The Central Coal Districts include four detached fields 
emerging from beneath the great plain of new red sandstone 
covering our midland counties. 

a. Ashby dela Zouch. 6. Warwickshire, between Atherston 
‘and Nuneaton. c. South Stafford, round van 8 the coal 
measures here repose on the transition limestone, Nos. 2, 3, 4,’ 
being here deficient. d. Indications of coal near the foot of the 
Tickey Hill; also in contact with transition limestone. 

3. Western Districts, subdivided into 
a. North Western, including, 1. A trough of coal measures 

reposing on carboniferous limestone traversing the town of 
Anelesea. 2. A coal field resting on the same rock in Flint- 
shire ; the carboniferous limestone range continuously on the 
north of the transition mountains of North Wales. 
» 6. Middle Western, or Shropshire-—This includes several 
detached fields. 1. In the plain of Shrewsbury. 2. In Coal- 
brook dale (this reposes on transition limestone). 3. On the 
summits of.the Clee Hills, and in South Shropshire. 4. Near 
the Abberley Hills (resting on transition limestone). 

c. South Western.—Yhis includes three principal basins occu- 
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pied by the coal measures, and surrounded by zones of carboni- 
ferous limestone, the whole reposing on one vast tract of old red 
sandstone. Of these basins, the largest is situated in South 
Wales, and occupies the greater part of Glamorganshire, extending. 
ito Monmouthshire on the east, and Caermarthen and Pem- 
brokeshire on the west. The next in importance occupies the 
south of Gloucester, and the north of Somersetshire. It is parti- 
cularly interesting to the geologist, because the more recent 
formations sweep over a part of it; and their relations with the 
coal series may here be ascertained by actual sections. Coal 
shafts being sunk even from the lower oolite through the lias and 
new red sandstone into the coal measures. The third basin in 
point of extent is intermediate in position between the other two 
occupying the forest of Dean, between the Severn and the Wye. 
Trap rocks (principally basalt, greenstone, and amygdaloid), 

are associated with and overlie many of these districts, especially 
those, of Northumberland, Staffordshire, and Shropshire. 

(E.) France. 

As we have already traced coal fields in the north of Europe, 
apparently connected with the central system of Scotland, so we 
might naturally look for the resumption of those of the south- 
western English counties in the opposite regions of France. It 
is true, indeed, that in’ the south of Somerset and through 
Devonshire, no coal has been observed ; being probably con-- 
cealed by the advance of the overlying deposits of new red sand- 
stone which are there in close contact with the transition chains. 
These transition chains cross, as is well known, from Devon to 
the peninsula of the Cotentin in Brittany ; and we find, as might 
be expected, a small coal field reposing against their eastern side 
at Litry on the south-west of Bayeux; further south, where the 
Loire enters between the continuation of these chains, between 
Angers and Nantes, are more extensive deposits of this formation. 

In the centre and south of France, there are some limited coal 
deposits lying in the valleys of the Loire, the Allier, the Creuse, 
and the Dentoene; the Aveyron and the Ardeche between 
ridges proceeding from the primitive central group connected 
with the Cevennes, and also on the south-east between the 
Cevennes and the Rhone. 

Several particulars concerning some of these districts maybe 
found in the account of the geological speculations of Mr. Rouelle 
in the first volume of the Geographie Physique, forming part of 
the great Encyclopedie Methodique; the Annales des Mines 
for 1821 contains some information concerning of those near St. 
Etienne, department of the Loire, and a full account of those 
of the Aveyron. _ 
From the south of France we may proceed to Spain, which 
could not so conveniently be included in any other part of our 
survey. Coal is here mentioned as occurring in eight places in 
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Catalonia, in three in Arragon, and one in New Castile ; but no 
perenne are given: a list of these localities may be found in 
aborde’s view of that country. 

(F.) Northern France, the Netherlands, and adjacent Parts of 
Germany. 

A great carboniferous tract occupies these countries. 
It may generally be described as extending westwards from 

Hardinghen near Boulogne (only a few miles from the coast of 
the channel) by Valenciennes, and thence up the Scheldt and 
down the Meuse to Eschweiler beyond Aix la Chapelle; and 
still further west, many of the coal districts of Northern Ger- 
my may with great probability be considered as a prolongation 
of it. 
On the east and north, the great deposits of chalk and the 

strata above the chalk, skirt and partially (particularly within - 
the limits of France) overlie this tract. On the south, it is 
bounded by the transition ridges (of slate, greywacke, &c.). 
which ree the forest of Ardennes, overhang the magnificent 
defile of the Rhine from Bingen to Bonn, and thence extend to 
the Westerwald. This tract does not consist of a single conti- 
nuous coal field, but of many insulated and basin-shaped deposits 
of this formation, encircled by carboniferous limestone and old 
red sandstone. In many respects it bears, even down to the 
character of its picturesque scenery, a remarkable analogy to the 
coal districts (likewise consisting of many insulated basins) in 
the south-west of England. 
We find the most westerly point of this extended chain of 

coal fields at Hardinghen, in the great denudation exposing the 
beds beneath the chalk, which comprises the Boulonnais on the 
French side of the channel, and the Weald of Kent and Sussex 
onthe English; of this we have before given a general descrip- 
tion. These coal mines, and the quarries of the carboniferous 
limestone associated with theni, which appear at Marquise, are 
situated at the very foot of the escarpment of the environing 
zone of chalk hills ; for the outcrop of all the intermediate form- 
ations crosses this part of the denudation to the south, and, as it 
were, withdraws to expose the coal ; proceeding westwards, the 
coal is worked at several places within the general limits of the 
overlying chalk-formation. The environs of Aniche near Douay, 
and of Monchy le preux near Arras, present deposits of this 
nature; the mines surrounding Valenciennes are still more 
extensive. 

In. the environs of Mons, Charleroy, and Namur, in a tract, 
surrounding Liege; and lastly close to Eschweiler on the east of 
Aix la Chapelle, other very considerable coal fields are worked. | 

A general account of this line of coal formation may be found 
in Omalius d’Halloy Geologie du Nord de la France, Journal des 
Mines, and in Von Raumer’s Geognostich Versuche; many 



1823.) the principal Mountain Chains of Europe. 143 
interesting details are also given in Villefosse sur la richesse 
minerale (tom. il. p. 432 & seq.) and illustrated in the magni- 
ficent atlas of that work by sections exhibiting the contortions, 
&c, of the beds, and the mode of working them, from Pl. 26 
to 27. 

Proceeding still further along the northern border of the same 
transition chain, against which all these deposits of coal repose, 
we find the more recent formations (probably of the tertiary 
class) intruding upon it, and concealing the coal till we cross 
the Rhine near Bonn. On the right bank of that river, these 
again recede to the north, and in this direction we again find an 
extensive coal field proceeding along the small river Ruhr a little 
above its junction with the Rhine: on the south the beds of this 
coal field describe the segment of a circle, cropping out against 
alternations of limestone, shale, and what is called greywacke 
(our old red sandstone probably), which separate them from the 
regular transition slate: on the north they are bounded by the 
overlying and more recent deposits. An account and plans of 
this district may be found in Villefosse, tom. ii. p. 424, and 
Pl. 24. 
A little on the south of the same district of transition rocks, 

whose northern border we have been hitherto pursuing, limited 
coal fields occur in the country between the Moselle and Rhine; 
first, between Sarrebruck and Sarre Louis on ‘the river Sarre, 
and, secondly, near Waldmohr on the banks of the Glane, 
extending to its confluence with the Nahe: the beds of the for- 
mer coal field are described as ranging south-west and north- 
east, and dipping north-west; they are covered with red sand- 
stone, and also surrounded by the same formation on the points 
to which they rise, appearing, therefore, to repose upon it ; but 
these appearances are very vaguely described ; “sur ces grés 
rouges semblent quelquefois s’appuyer les couches de houille ;” 
they are probably deceptive. .A careful examination of the 
country between this coal field and the northern transition chain 
is necessary to ascertain its true relations. Villefosse, tom. ii. 
p. 447, and Pl. 27, may be consulted on this district. 

Keferstein has given a brief but very clear description of this 
porpbyry and coal district, extending on the south of the slate 
mountains between the Rhine and the Moselle by Zweybruck 
and Sarrebruck (Teutschland, &c. p. 81, No. 1). 

He describes the coal measures, exhibiting the ordinary mem- 
bers and characters of this formation as extending between Sar- 
rebruck and Neukirch ; they contain some alternating beds of 
carboniferous limestone. The stratification is extremely con- 
torted and dislocated; masses of unstratified trap rocks (com- 
prising porphyrywacke, amygdaloid, greenstone, and basalt), are 
interposed among the coal measures. Agates abound in the 
amygdaloid. 
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_ Quicksilver occurs. both in the porphyritic conglomerate, and 
in the coal sandstone. 

«“ The red sandstone) (by this term, Kaferatemn always, denotes 
the rothetodteliegende as distinguished fr omthe bunte sandstein), 
lies in several places on these formations.” 

(G.) Coal near the Vosges. 

Coal occurs on the west side of the Vosges, but I am not 
acquainted with any particular description of this tract. 

(EL.) Coal of the Alps. 

Traces of the coal formation are rare in this mountain range ; 
but such have been observed in some parts of it. 

M. de la Beche thus notices one remarkable instance of this 
kind: 

“The Col de lin.) whieh closes the valley of Chasers to 
the north-east, and separates Savoy from Switzerland, has long 
been known for the superb view which it commands of the valley 
of Chamouny, with the Mont Blanc range im one direction, and 
the mountains of the Valais on the other. The iron cross on the 
highest part of the Col, or passage, is, according to M. de Saus- 
sure, 7086 French feet (7558.6. English feet) above the level of 
the sea. The Col is composed ‘of beds of clayslate, of limestone, 
and of a few thin beds of sandstone. The rocks of the Col de 
Balme have been called primitive by M. Ebel, in his Bau der 
Erde en dem Alpen-Gebirge, but were with more justice named 
secondary by M. de Saussure. The beds which compose them 
seem to be a continuation of limestones, which are remarked: in 
patches in the valley of Chamouny, and which probably once 
occupied the whole length of the valley. 

“While crossing the “Col de Balme, in the autumn of 1819, 1 
picked up two. portions of the thin beds of sandstone above- 
mentioned, which I found to contain vegetable impressions pre- 
cisely similar to what have been termed coal plants, because 
they are usually found in coal formations. But I tried in vain to 
find these fossil plants 7 s¢tw, many parts of the Col being too 
precipitous to allow of my approaching them.” 
From further conversation on the subject with M. de la Beche, 

Tam persuaded that this spot presents a trough of nearly vertical 
beds belonging to the true coal formation squeezed in, as it were, 
between. the pr rimitive ridges. 

Keferstein notices traces of coal associated with porphyry on 
the south side of the Alps near Botso. Humboldt also notices 
these coal deposits : they are on the banks of the Adige between 
Sais and St. Peter. 

(1.) Coal of Osnabruck. 

Pursuing the line of Northern Germany, a tract containing 
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coal appears to range many miles on the south-west and south 
of Hanover between Osnabruck and Hildesheim, but we cannot 
refer to any description of it; it may probably form the prolong- 
ation of the northern line of coal fields which we lately traced as 
far as the Ruhr. 

(K.) Coal and Porphyry Formations surrounding the Hartz.* 

These associated formations succeed to the slate mountains of 
the Hartz, near the east end of which they present themselves in 
three points: 

1. The Opperode district. 
2. The [letield district. 
3. The Petersbirge district. 
Both the first ie immediately on the slate, and form a portion 

of the Hartz chains. The third forms an insulated district in 
the Saale kreisse. The coal formation presents the ordinary 
alternations of bituminous shale and coal sandstone, of the usual 
varieties, and some calcareous beds with marine fossils. Three 
beds of coal are sometimes found; the principel variety is slate 
coal. 

1. Near Opperode (on the north-east of the Hartz), the coal 
lies under, and in part} also in the red sandstone; no porphyry 
is found in this tract. 

2. But in the Ilefield district (on the south-east of the Hartz), 
porphyry prevails near Neustadt. The more ancient members of 
this formation pass immediately into the greywacke through 
modifications approaching to hornstone rocks. The younger 
memvers are mixed with more clay, become sandy and conglome- 
rated, and thus pass into the red sandstone. The coal strata le 
between the porphyry and the slate hills, so that they have the first 
place in the order of superposition (sie ersten zum hangenden 
haben). Jn the upper formations, the conglomerates and sand- 
stones exhibit themselves. 

3. The Petersbirge. This is a great mass of the porphyry 
formation bounded by Lobegun, Wettin, Halle, Landsberg, Bitter- 
field, and Zorbig (lying a few leagues south-east from the Hartz). 

* Ihave abridged (but without any other alteration than that ef condensation) this 
account from Keferstein (Teutschland, p. 138, No. 1). I have done this because the 
statements I formerly published have been controyerted by Mr. Weaver. It is well, 
therefore, to callin an impartial witness as arbitrator. I must leave the reader to judge 
towards which side the evidence thus introduced inclines. 

+ This is the part which Freisleben separates from the true coal formation; it extends 
to Meisdorf and Endorf, and is coloured in the map accompanying his work as rothe- 
todte; but that map exhibits also the true coal formation as here interposed between the 
rothetodte and the transition rocks. 

{ The true coal formation lies (see the map accompany Freisleben) considerably on 
the north of Neustadt. The coal beds described by him as subordinate to the rothe- 
todte are on the contrary on the south-east of that town, extending thence towards He- 
field. The whole of this tract is coloured as rothetodte in the map, which presents the 
regular series; transition rocks, coal, porphyry, rothetodte, overlying each other in 
succession, 

New Series, vou. v. L 
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Porphyry is the prevalent rock ; the upper beds (as at Neustadt) 
become conglomerated and approximate to the red sandstone. 

The coal measures occur at Lobegun, Wettin, Dolau, Brach- 
wich, and Giebicenstein ; they occur in the porphyry, sometimes 
covering, sometimes covered by it (the map accompanying Freis- 
leben represents them as generally beneath the porphyry); the 
porphyry above and below the coal are distinguished by the more 
granular structure of the former, which is associated with the 
conglomerates ; the coal is stratified, but disposed in saddles, 
troughs, &c. and often swells into irregular masses. Where the 
coal measures are thickest, and no porphyry is found beneath 
them (as at Wettin), the coal sandstone prevails to the greatest 
depth, and is often much hke the greywacke. 

The red sandstone lies either upon the slate mountains of the 
Hartz,* or upon the porphyry of Llefield and the Petersbirge, and 
forms a range of hills stretching through Mansfield between the 
two points.+ 

With regard to the porphyry associated in these coal districts, 
I have to add to the above account, that its relations with the 
formations among which it occurs are very obscure. Humboldt 

* That is where the porphyry and coal are wanting, as appears from the remainder 
of the sentence. Sce also the map in Freisleben. 

+ It appears from the statement of Freisleben, that the rothetodte of these hills 
reposes upon the Wettin coal field. His localities include all the rothetodte represented 
by the map accompanying his work in that quarter; so that the fact of the superposition 
ofthe great mass of the rothetodte above that coal field cannot admit a doubt. It 
appears, however, that a conglomerate resembling the rothetodte also occurs in some 
places beneath these coal measures. On this account, Freisleben is inclined to rank this 
field, not with the true coal formation, but with the carbonaceeus beds subordinate to 
the rethetodte. His inferences are, however, open to doubt, first, because, he says, he 
had never himself seen the inferior conglomerate in situ, and reasoned from specimens 
only ; and, secondly, because the occurrence of conglomerates of similar character above 
and below the coal measures can never be admitted as a proof of identity of formation, 
otherwise our own conglomerates of the old and the new red sandstone must be considered 
as a single formation, and the carboniferous limestone and coal measures be treated as 
subordinate to that formation—a conclusion which, in the mind of every instructed geo- 
logist, will be fully equivalent to a reductio ad absurdum. I, therefore, demur to the 
statement that any part of these coal districts are really subordinate to the rothesandstein, 
as one requiring further confirmation. Be this as it may, however, it will not prove that 
the true coal formation (which, as we have seen, is distinct from these subordinate beds), 
is similarly related. The whole evidence shows, as clearly as any evidence can do, that 
the appearance of this rock is confined to the upper regions of the coal formation ; 
and if it be not referable, as (following Buckland), I believe it to be, to the sandstone 
series of the succeeding geological zera (with which I again assert, from personal exami- 
nation, and not with our old red sandstone, it most closely agrees), it can only be consi- 
dered as an upper member in the coal series. Humboldt inclines to consider the red 
sandstone as associated with the coal series: La honille, he adds, paroil le plus souvent 
au dessous du gres rouge, quelquefois i! est placée evidlemment ou dans cette roche ou dans 
la porphyric. He adds no other facts than those above alluded to; and I, therefore, 
adhere to the interpretation before given of the cases in which it is said to occur in the 
red sandstone. 

In concluding this note, I have to correct an error which has arisen from hasty trans- 
cription in Mr. Weaver’s account of the beds in the Lobegun colliery: he makes the 
lowest stratum rothetodteliegende, whereas it stands in his original rothethonartigerlie- 
gende ; not the rothetodte, but a red argillaceous stratum. The point is not very mate- 
rial; because Freisleben probably considered it as belonging to that formation ; but 
questions of this kind can only be settled by minute accuracy. 
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observes that it penetrates the coal measures in various manners ; 
sometimes it covers the coal immediately; more generally it 
reposes on the sandstone, elevating itself above this rock in 
domes, towers, and escarped rocks. When the transition rocks 
are immediately covered by the red sandstone, it is difficult to 
say whether the porphyry associated with the coal is referable 
to the transition or sandstone series. The porphyry seldom 
forms true beds in the coal measures, but rather transversal andin- 
terposed masses. Headds, that these masses offer many analogies 
with volcanic rocks, and inclines to favour the opinion, that the 
pretended passage of the porphyry into the sandstone is an illu- 
sion produced by regenerated porphyrics ; i. e. by the subsequent 
reunion of porphyritic debris. These remarks are applicable 
generally to the porphyry associated in the coal districts of 
Germany. From its intimate connexion in geographical posi- 
tion with the coal districts, I have included it under the same 
colour, though strongly inclined to consider it as of subsequent 
formation. 

(L.) Coal and Porphyry of the Thuringerwalde.* 

The porphyry of the Thuringerwalde constitutes the highest 
portion of that chain ; it contaims, according to Keferstein, sub- 
ordinate beds of coal between IImenau and Sahl. 

(M.) Coal, §c. on the Western Borders of the Chains extending 
from the Thuringerwalde. 

A small coal district occurs on the.borders of the Saxon slate 
mountains, not far from Steinach, near the point where they 
join the Fichtelgebirge, and porphyry is found on the borders of 
the Bohemerwald, near Ratisbon. 

(N.) Great Saxon District of Coal and Porphyry. 

This is an extensive district which may generally be described 
as lying along the course of the Zwickau between Leipzig and 
the Erzegebirge ; porphyry prevails. Coal accompanied by the 
usual rocks occurs near Zwickau, at Schonfield, Planenschen 
grund near Tharand, &c. sometimes overlying, sometimes under- 
lying, and sometimes associated with the porphyry. This dis- 

* The following articles are chiefly from Keferstein. 
+ At Schonfeld, the coal alternates with porphyry, above which occur the following 

beds: 1. A conglomerate of porphyry and gneiss. 2. Bituminous shale with vegetable 
impressions. 3. Red sand, At Zwickau the beds (beginning with the lowest), 1. Wacke. 
2. Basalt. 3. Nine or ten coal beds alternating with white grit and shale containing 
vegetable impressions. 4. Sandstone. 5. Red grit. The coal field of PJaneschen 
grund is more extensive than either of the former; here a range of sienite, extending on 
the right bank of the Weisseritz, forms the fundamental rock on which a secondary por- 
Pphyry reposes; then succeed four beds of coal alternating with grit and shale, and 
inclined at an angle of 65°, 

There is no bitumen in the coal of Schonfeld ; although it abounds at Planenschen 
grund: the same fossil vegetation is presented in all these mines. (See Sternberg ‘ Flora 
zur Vorwelt,’) 

pp? 
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trict is supposed to have a subterraneous connexion with that of 
Petersbirge near the Hartz. 

(O.) Coal and Porphyry of Bohemia, and Bohemian Silesia. 

A zone of these formations crosses these countries from 
south-west to north-east. It may be thus subdivided : 

1. The Pilsen Coal District—A series of detached coal 
basins reposing on transition slate, extending from Merklin, by 
Pilsen and Radnitz, to Prague. Porphyry does not occur in 
this tract. 

2. Fhe Waldenburg District.—Extending from Landshut to 
Waldenburg and Glatz between the Riesengebirge and Eulenge- 
birge. It exhibits both porphyry and coal.* These formations 
alternate ; a chain of them follows the slate mountains ; then 
succeeds the red sandstone. The coal is very irregular in its strati- 
fication; the principal variety is slate coal, the ordinary coal 
rocks occur: the beds are numerous, 

3. The Pilsen and Waldenburg Districts have evidently a sub- 
terraneous communication beneath the intermediate plains in 
which the coal formation often makes its appearance. No por- 
phyry is seen at these points. : 

4, At Freiheit. Semile and Liebenau, the porphyry alone 
appears. 

(P.) Moravian Coal District. 

Coai, unaccompanied by porphyry, occurs in the environs of 

Brann. 

(Q.) Upper Silesian Porphyry and Coal District. 

This is an extensive district including the followmg towns : 
Pless, Freystadt, Troppau, lagerndorf, Kosel. It lies partly in 
Silesia, and partly in Poland: in the former, it exhibits coal 
only; in the latter, coai and porphyry. The coal formation 
reposes immediately on the slate mountains of the Sudetenge- 
birge. The strata are elevated in approaching that chain, but 
more horizontal as they recede from it, The coal measures are: 
covered by the porphyry, which, in its turn, supports the Alpine 
(magnesian) limestone. The coal measures pass by such a gra- 
dual transition into the greywacke on which they repose, that, 
according to Keferstein, it is difficult to, ascertain the exact 
demarcation betweenthem. The usual rocks of the coal forma- 
tion prevent grits of various textures ; mzl/stone grit, shale, with. 

* According to the map and sections of Von Raumer, the outcrop cf the principal 
coal beds follows the border of the transition rocks; but this writer mentions a conglo- 
smerate and a limestone among the upper beds of the transition series ; aad as he (in 
common with Beudant, Humboldt, Daubuisson, &c.) always refers the old red sand- 
stone and mountain limestone of English geologists to the transition class, he very pos- 
sibly thus designates them here. The same map and sections show that a great part of 
the porphyry and the red sandstone generally are placed above the great coat formation, 
But he adduces instances of coal subordinate to the red sandstone, and inclines to const- 
der them as referable to one great formation, 
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nodules of clay ironstone, and (carboniferous) limestone ; the 
coalis mostly slate coal: there are numerous beds, and some of 
very considerable thickness. 

(R.) Coal of Hungary. 

The lower series of our coal formations ; that is to say, our 
old red sandstone and mountain limestone, are expressly, and by 
name, recognised by Beudant, as reposing on both sides the 
‘Tatra and Kralova mountains (a portion of the Carpathian chain) : 
he refers them to the transition class, and describes them as grit 
of a red or white colour, having a siliceous cement supporting a 
compact limestone with nodules of chert. On these repose the 
coarser coal grits; then some beds associated with limestone, 
and also containing traces of coal (which, however, from his 
description, I should rather refer to the rothetodte series); then 
amygdaloid and red grit; and, lastly, the saliferous sandstone. 
Coal is found at. Balligorod and Rosocky, near Sanok. 

Another coal district occurs at Funfkirchen, on the borders of 
Sclavonia ; it presents (beginning with the fundamental rock), 
1. Black limestone. 2. Coarse coal grit. 3. Slaty coal grit- 
4. Shale and fetid limestone. 5. Carbonaceous grit. 6. Coal. 
7. Several varieties of grit. 8. Greenstone. 9. Red gnit. 
10. Red porphyry. The latter beds clearly belong to the rothe- 
todte of Germany. 

(S.) Coal of Russia. 

Coal or other bituminous formations are represented by Mr. 
Strangways as occurring, 1. In the north of Russia near Yarousk. 
2. Onthe east reposing against the Ural mountains, near the source 
of the Chusovaga. 3. Inthe centre of Russia, at Calouga and 
Toula (where the great iron works are established). 4. In the 
south, at Bakmont on the Donetz. 5. In the Crimea, and repos- 
ing against the Caucasian chain; but these districts have not 
yet been examined with sufficient care to ascertain whether the 
beds really belong to the true coal formation. 

(To be continued.) 

ARTICLE X. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

Dec. 19.—A paper was read, On the Chinese Year, by J. F. 
Davis, Esq. FRS. The introductory portion of this paper was 
occupied, in proving that no scientific knowledge of astronomy 
existed in China prior to that which was introduced in early 
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times by the Arabians, and afterwards by the European mission- 
aries. The 36 eclipses recorded by Confucius, are useful in 
determining points of chronology, but furnish no evidence of 
astronomical science ; the Chinese had been in all ages attentive 
observers of the sky, and of the apparent changes of the heavenly 
bodies. The encouragement and promotion by that ever-jealous 
people, of foreign professors of astronomy, evince that they 
could not, originally, have been acquainted with it themselves ; 
and this is also shown by their adoption of the errors of those 
foreign professors. The author has seen in an ancient Chinese 
book, a complete delineation of the Ptolemaic system, with its 
crystalline orbs, and the earth in the centre. The inscriptions in 
the Chinese language on some of their ancient instruments, do 
not prove their own knowledge of astronomy; those instru- 
ments were made for them by the Arabians: the cannon cast for 
the Chinese by Europeans have inscriptions on them in the lan- 
guage of the former. : 

It has ever been the ungrateful practice of that people to appro- 
riate as their own every invention of other nations. When 
r. Pearson transmitted to China some of the vaccine matter, 

he sent with it a pamphlet in Chinese, containing directions for 
its use ; an expurgated edition of this was published, shortly 
after its arrival, in which nothing appeared, from which it could 
be learned that vaccination was not a Chinese discovery. 

The nature of Mr. Davis’s astronomical details concerning the 
Chinese year, precludes us from giving an account of them ; 
they were accompanied by an illustrative drawing, showing the 
28 constellations of which the year consists, with the degrees 
they respectively occupy: the Chinese have no solar year. 

At the same meeting a portion of the following paper was read: 
—On Rocks that contain Magnesia, by Charles Daubeny, MD. 
MGS. Professor of Chemistry, Oxford : communicated by Prof. 
Buckland ; after which the Society adjourned over the Christmas 
vacation until Jan. 9, 1823. 

Jan. 9, 1823.—The reading of Prof. Daubeny’s paper was 
resumed and concluded. This paper commenced with an 
account of the localities of the secondary magnesian rocks in 
England and on the continent of Europe. The presence of 
macnesia in many simple minerals, and in the primary strata, had 
long been well known; but Mr. Tennant was the first to detect 
its presence in certain secondary limestones, which occupy a 
considerable space in the north of England ; and corresponding 
magnesian beds have since been discovered to exist extensively 
on the continent. This earth appears to extend almost through- 
out the secondary strata: it occurs in the mountain or carboni- 
ferous lime series ; in the zechstein of the Alps, referred by Prof. 
Buckland to the English magnesian limestone; it has been 
found by Mr. Warburton in the blue and in the white lias, and 
its presence in them is indicated by the springs containing sul-. 
phate of magnesia with which they abound. The presence of 

~ yaa». 
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this earth in the oolites has not been ascertained with certainty, 
and it lias not yet been discovered in the chalk of this country ; 
though Brongniart has detected it in that near Paris; and he 
ascribes the sterility of Champagne, to its presence in the chalk 
of that province. Magnesia also occurs in the tertiary forma- 
tions which, in many countries, succeed the chalk; its presence 
in the London clay is shown by the efflorescence of its sulphate 
from the bricks which are made of it, and the springs of Epsom 
may also be adduced in proof of tis : it has likewise been found 
in the calcaire grossier of France, aud in a specimen of the same 
formation contaming nummulites, from near Verona. 

After some remarks on the importance of the subject, in its 
connexion with building and with agriculture, from the modifica- 
tion by the magnesia ot the characters of the rocks into which it 
enters, and from the effect of that earth upon vegetation; 
Dr. D. proceeded to describe the chemical methods he employed 
in his examination of the magnesian rocks. He stated that our 
object be merely to detect the presence of magnesia in a lime- 
stone, we may adopt Dr. Wollaston’s process, by carbonate of 
ammonia and phosphate of soda; or that in which oxalate of 
ammonia is used in conjunction with those salts ; but these can- 
not be employed in ascertaining the quantity of it which may 
exist ; for in both of them a portion of magnesia is thrown down; 
and in the first, a part of the lime remains unprecipitated. For 
the last mentioned purpose, Dr. D. suggested the following pro- 
cess, for the details of which he referred to his paper on the 
subject lately published in the Edinburgh Philosophical Journal. 
Dissolve the substance under examination in nitric acid, evapo- 
rate the solution to dryness, so as to expel the nitric acid ; then 
dissolve the lime and magnesia in acetic acid, and separate them 
by converting them into sulphates: the only objection to this 
method of separating the two earths is, that by too great a heat, 
part of the acid may be driven off from the sulphate of magnesia, 
and so the proportion of that earth underrated ; or, in consequence 
of not employing sufficient heat, some water may remain in the 
salt, and thus the quantity of magnesia may be overrated. 

The paper concluded with a catalogue of the secondary rocks 
in which the author has found magnesia, with some account of 
their external characters; the primitive rocks were omitted 
because the presence in them of the earth in question is so well 
known. Some of the characters of magnesian limestones afford a 
presumption of their nature; their colour varies from honey- 
yellow to saffron-red, and their fracture presents small crystalline 
points, having a glimmering lustre: slight effervescence with 

acids, of course, is a test only when the proportion of magnesia 
is large; but it is a sufficiently accurate one for agricultural 
purposes. 

At this meeting likewise, the following paper was read : 
—Corrections applied to the great Meridional Are extending 
from Latitude 8° 9’ 38°39”, to Latitude 18° 3’ 23-64” to reduce it 
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to the Parliamentary Standard, by Lieut.-Col. William Lambton, 
FRS. In this paper, Col. Lambton expressed his satisfaction, 
on account of the uniformity thereby obtained, that the com- 
missioners appointed to consider the subject of weights and 
measures have adopted Mr. Bird’s standard. Jn order to reduce 
the above arc to this standard, the measurement of it deter- 
mined by the brass scale must be multiplied by -0000018, and the 
product subtracted for the correction; and that by Ramsden’s 
bar must be multiplied by -000007, the product being added for 
the correction. Col. Lambton has just completed some measure- 
ments, which, when the requisite calculations are made, he 
pee to submit to the Royal Society. He is proceeding with 
is arc through Hindostan ; if Scindiah’s country continue quiet, 

a section of it will pass through Gwalior, his capital, and end at 
Agra on the Jumnah. 

Jan. 16.—Some practical Observations on the Communication 
and Concentration of the Magnetic Influence, by Mr. J. H. 
Abraham, of Sheffield; communicated by the President. This 
paper was divided into three sections; the first being on the 
depth to which magnetism penetrates. In this, the author 
stated, as the result of a number of experiments with steel bars 
of various dimensions, that magnetism does not penetrate deeper 
than the 1-20th of an inch; and that bars of 1-l0th of an inch 
thick are as powerful as those of greater thickness, the increase 
of surface in the latter being taken into consideration. The 
second section related to the communication of the magnetic 
influence: in this, some minute directions were given for the 
formation of magnets of the bar and horse-shoe kinds, both 
simple and. compound ; the construction of a very powerful 
compound magnet in the author’s possession was explained by 
means ofa drawing. It was stated that magnetism, like electri- 
city, extends at once over the whole surface of the body exposed 
to its influence. If an octagonal bar of steel be magnetized by 
a stroke with a set of magnet-bars along one of its sides, each 
side, at the same distance from the centre, will acquire the same 
degree of magnetic power. In another respect, however, mag- 
netism differs from electricity in a striking manner: if a charged 
Leyden jar be brought into contact with one that is not charged, 
the electric fluid will be immediately communicated to the latter, 
and: it will be divided between the two in an equal proportion ; 
but one bar of steel being placed upon another, though the upper- 
most become magnetized over its whole surface instantaneously 
by a single stroke with a set of magnets, yet the lower one did 
not acquire sufficient magnetic power for the attraction even of 
needle pointings, which are much finer than iron filings. It was 
the observation of the magnetic action on these pointings, that 
led the author to his invention for obviating the ill effects of dry 
grinding, which the Society of Arts had crowned with their 
gold medal. In the last section of the paper, some phenomena 
in polarity were described. The author has succeeded in giving 
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several poles to a magnet by the following method: he took a 
set of magnets, and went over a bar with them in one direction, 
from one end to the middle, then turning the set round went 
on from the middle to the other end, thus leaving off with the 
same pole that he began with: the bar so magnetized possessed 
similar poles at the ends, and exhibited opposite polarity in the 
middle: in this manner even five poles may be given to a single 
bar of steel. 

At the same meeting, the reading was commenced, of Obser-+ 
vations on Magnetism, by John Macdonald, Esq. FRS. 

« 

LINNEAN SOCIETY. 

Jan. 21, 1823.—The following papers were read :—Descrip- 
tion of three Insects of Nepaul, by Major-Gen. T. Hardwicke, 
FLS. 

Description of a Tail-less Deer, Native of the Snowy Moun- 
tains of Nepaul, by the Same. 

Perhaps the Cervus pygargus of Pallas : head the size of that 
of a full-grown stag ; horns trifurcate, tuberculated at the base ; 
neck curved, like that of a camel, with a mane on the back; 
when walking, carries its head ina horizontal position. Though 
called tail-less, it has the thick rudiment of a tail, four or five 
inches long. Colour, 2 brownish ash-colour; darkest along the 
dorsal line. The following are some of the dimensions of the 
specimen examined, which was presented by the Court of Cat- 
mandu to the British resident, and is now in the menagerie of 
the Marquis of Hastings, in his park at Barrackpore. Length 
of head | foct 5 inches, ditto of neck 3 feet 5 ches, ditto of 
body 2 feet 5 inches, total length 7 feet 3inches; height 4 feet 
3 inches, circumference round the abdomen 4 feet9 inches. Though 
the animal has been accustomed to the society ef man for two 
years, yet it still brings its horns into a position of offence or 
defence when approached ; it is not, however, fierce ; but may 
easily be led by the horns. 

GEOLOGICAL SOCIETY. 

Nov. 1 and 15.—A paper was read “ On the Geology of Hun- 
gary,” by the Hon. W.T. H. Fox Strangways, MGS. 

The author, after stating that calcaire grossier is found in the 
immediate vicinity of Vienna, follows the course of the Danube, 
and enters near Presburg, the lesser plain of Hungary; this 
plain is bounded on the west by the hills called Leitha Guberge; 
and a granitic chain, which is connected with the White Hills 
and the Carpathians. These ranges form the gorge of the 
Danube at Presburg; on the south is a branch of the Alps of 
Styria and Carinthia; on the north are the ramifications of the 
northern part of the Carpathians; on the east, the hills of the 
forest of Bakony, through a gorge of which, between Gran and 
Buda, the Danube finds its way into the great central plain of 
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Hungary. The author supposes the whole of the lesser plain of 
Hungary to be composed of calcaire grossier, and the several 
localities in which he observed it are enumerated ; leaving this 
plain, and proceeding northwards, he crossed the granitic chain 
which lies between the valleys of Nyitra and Thuroez, and conti- 
nuing his route, ascended Mount Fatra, the lower part of which 
is composed of shale, above which is a hard oolitic limestone 
which the author believes to be only the lower bed of the cal- 
caire grossier. . 

On the right bank of the Vag, opposite the town of Rosen- 
berg, are some conical hills of hard white calcaire grossier, on a 
rock of which isthe ruined castle of Dyombir. This rock conti- 
nues to form all the hills on the right bank of the river, and 
behind them are seen the high summits of the Carpathians, 
among. which the conical Mount Tepla is most conspicuous. 
The calcaire grossier during all this space resembles that which 
forms the left bank of the Danube between Ratisbou and Passau. 
Before arriving at Ocholicsna, the beds of calcaire grossier ter- 
minate on the north side of the valley, throwing up a bold 
escarpment towards the magnificent group called collectively 
the Mount Tatra, and of which the Krivan (esteemed the loftiest 
of the Carpethian chain), rising into the form of a cone, forms 
the western extremity. 

Most of the high valleys in the north of Hungary are poor and 
ill cultivated ; bare of wood, except a few stunted pines. Conti- 
nuing his route eastward, Mr. Strangways found the country to 
consist chiefly of shale and grit, which extends nearly as far as 
the neighbourhood of Eperies. On the road to Bartpha, it is 
interrupted by a narrow band of a dark porphyritic granite, 
which rises into detached conical hills near the post ‘Ternyo. 
On the westernmost is situated the fortified town of Szeben. 
Near the town of Bartpha is a reddish shale and sandstone, 
which constitute the mass of the continuous range of the Carpa- 
thians. Crossing this range by the pass of Dukla, he entered 
by the valley of the San, the vast plains of Poland, highly culti- 
vated, and in every way a contrast to the poor, but varied moun- 
tains of Hungary. Gallicia is a plain of vast extent; in this 
rich but uniform country, natural sections and interesting 
scenery are found alone on the banks of the rivers. The whole 
country appears to be a sandy lime, sometimes resembling chalk. 
West of Leopol, the soil is a light yellowish sandy earth, resem- 
bling that of the richest part of the calcaire grossier of the 
Netherlands. East of Leopol is a deep black soil exactly 
resembling that of the most fertile parts of Russia ; both appear 
to cover the same formation, and they are equally productive. 

Dec. 6.—A paper was read, “ On the Geology of some Parts 
of Arabia, and some Islands in the Persian Gulph,” by J. B. 
Fraser, Esq. 

This paper contains geological observations on a part of the 
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coast of Arabia, and several islands in the Persian Gulph, and 
was accompanied by specimens collected in the countries which 
he describes. On a voyage from Bombay to Bushire (near the 
head of the Persian Gulph), Mr. Fraser had an opportunity of 
examining the country round Muscat, and for a distance of 
some miles in the interior; where there is a considerable extent 
of serpentine and of stratified calcareous rocks. He landed also 
on the island of Rishm, consisting of a formation probably very 
recent ; while the rocks on Ormus seemalmost wholly primitive.. 

Two letters were read from W. Hamilton, Esq. his Britannic 
Majesty’s Minister Plenipotentiary at the Court of Naples, to Dr. 
Granville, MGS. giving a description of the late eruption of 
Vesuvius. 

Dec. 20.—Part of a letter to Dr. Wollaston, VPGS. from Dr.. 
Fitton, was read, containing an account of the geology of the 
vicinity of Boulogne, and notifying the author’s intention to 
present a memoir on this subject to the Society. This notice 
was accompanied by a map and sections of the district included 
by the chalk, from the place where it leaves the sea near Wissant, 
to where it rejoins it to the west of Neufchatel and Samer. 

A paper from George Cumberland, Esq. was read, describing 
the strata round Dursley, Stroud, and other places on the Banks 
of the Severn, and in the county of Gloucester, with a descrip- 
tion of some fossils found in several beds of the oolite formation. 

Jan. 3—A letter was read from the late Rev. John Wright, 
rector of one of the principal parishes in Nassau, cn the Bahamas, 
transmitted to Professor Buckland, in compliance with a late 
circular letter from Earl Bathurst to the colonies, giving an 
account of the geological structure of the Bahamas. 

These islands, which stretch in length not less than 600 miles, 
appear to be a very recent formation. They are all calcareous, 
and have a strong resemblance to each other in their general 
features. A very full and interesting account of their physical 
structure, products, and geographical relations, is furnished by 
Mr. Wright’s paper, with a description of some curious caverns 
and valuable salt lakes in which many of them abound. 

ArticLte XI. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Electro-Magnetic Experiment. By Prof. Ocrsted. 

AvruouGu there are many proofs that every point in the circumfe- 
rence of a round galvanic conductor has an equal action on the mag~- 
netic needle, yet it appears that several authors are of the contrary 
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‘opinion. The reason of this may be, that no method has hitherto beere 
devised of giving the needle any desired situation with respect to the 
conductor ; and although Paggendorf has thrown much light on this 
subject, by employing magnets for the purpose of giving the needle 
any situation at pleasure, yet the respective intensity of action which 
each point exerted on the needle remained undecided ia his expe- 
riment. 

Prof. Oersted has endeavoured, by the following experiment, to 
remove all doubts on this subject. A brass wire, 10 feet long, and 
1-36th of an inch in diameter, is placed in a perpendicular position on 
the side of a column, at the middle of which is a stand to place the 
needle on. Both ends of the wire are placed in small vessels filled 
with mercury ; by these it communicates with a single pair of plates on 
the Professor’s construction, in which the vessel is of copper; and inorder 
to prevent the influence of the other parts of the apparatus, this is so 
constructed that they remain far distant from the needle during the 
experiment. The galvanic apparatus is fixed on the middle of a pole 
10 feet long; one of the conductors passes over the upper end of the 
pole, and the other beneath the lower one ; and from thence they are 
brought, in a horizontal direction, each into contact with the mercury 
in one of the small vessels. The entire apparatus is of a rectangular 
figure. 

The pole with the galvanic apparatus is now made to revolve in a 
circle around the perpendicular wire and the needle: during the expe- 
riment, therefore, every point in the wire will constantly change its 
position with respect to the galvanic apparatus, and will be, in succes- 
sion, on the inner and on the outer side of the galvanic chain. Ina 
-series of experiments in which the apparatus went round at least three- 
fourths of the circumference, the ncedle constantly exhibited the same 
declination which it had at the moment when the galvanic circuit was 
completed. It appears, therefore, from these experiments, that no 
doubts can be entertained, but that every point in the circumference 
vf the conductor has the same effect upon the magnetic needle. 

II. Existence of Metallic Veins in the Transition Limestone of Plymouth. 

It has hitherto been believed, that the extensive strata of limestone 
in the neighbourhood of Plymouth, which belong to the Transition class 
of Werner, or to the Submedial order of the Rev. W. D. Conybeare’s 
new arrangement of rocks, are altogether devoid of metallic veins. 
The Rev. Richard Hennah, in his ** Succinct Account of the Lime 
Rocks of Plymouth,” Jately published, being the Substance of his 
communications respecting them to the Geological Society, says, 
p- 18, ‘* The bed of Plymouth limestone appears to be entirely free 
from all metallic veins ; and I have not seen, nor have I heard, of any 
thing tending to what miners would call a lode, of any of the metals, 
having ever been discovered in any one of the quarries that have 
hitherto been opened. It is true that indications of the presence of 
zron, and also of manganese, may occasionally be seen, as a colouring 
matter, in particular spots; but always thinly spread, and never in any 
quantity.’* 

Mr. Hennah also states, that, in a single instance, he has observed 
“« spots of pyrites in fragments of limestone and slate,”’ found in sinking 
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a well at Stonehouse; and that he has been told, that in digging an- 
other well, onthe road leading from Plymouth to Cat-Down ; * parti-- 
cles of pyrites were observed by the workmen employed, and also a 
glimpse of copper ;” but he expresses strong doubts of the accuracy of 
this relation. : 

It appears, from the following circumstance, that this subject 
demands a more rigorous investigation: in a collection of specimens 
from the Piymouth limestone, recently brought to London, is an 
assemblage of small quartz crystals, mingled with crystalline galena ; 
upon the galena are small lenticular crystals of carbonate of iron, and 
the amorphous mass of quartz into which the crystals pass, is mixed 
with a greenish-grey substance not unlike chert, in which are dissemi- 
nated minute cubes of zron pyrites. The entire specimen bears every 
character of having once formed part of the lining of a cavity in a vein 
it was procured from a quarry at Cat-Down. 

ARTICLE XII. 

NEW SCIENTIFIC BOOKS 

PREPARING FOR PUBLICATION, 

Observations on the Functions of the Digestive Organs, especially 
those of the Stomach and Liver; with practical Remarks on the Treat- 
ment of some of the Diseases to which these Organs are liable. By W. 
Prout, MD. FRS. &c. &c. 

*,* This Work will comprise the results of an experimental inquiry 
into the nature of some of the more important chemical changes which 
take place during the digestion and assimilation of the food. The 
practical remarks will principally relate to the proper adjustment and 
use of remedies, and to the pernicious effects liable to be produced in 
delicate habits by the constant operations of various slowly acting: 
causes, especially impure or dard waters: illustrated by avalyses of 
the principal waters in common use in the metropolis and its vicinity. 

An Account of an Expedition from Pittsburgh to the Rocky Moun-- 
tains, performed in the Years 1819, 1820, by Order of the Hon. J. H. 
Calhoun, Secretary of War, under the Command of Major S. H. Long,. 
of the United States, Topographical Engineer. By Edwin James,. 
Botanist and Geologist to the Expedition. In Three Volumes, with 
Maps and Charts. ' 

An Account of a Voyage to Greenland in the Summer of 1822, with 
an accurate Map of that remote Region, by Mr. Scoresby. 

JUST PUBLISHED. 

A Universal Technological Dictionary, or familiar Explanation of 
the Terms used in all Arts and Sciences; containing Definitions drawn 
from original Writers, and. illustrated by 60 Plates, and very nume- 
rous Wood-Cuts of Diagrams, Arms, &c. By George Crabb, AM. 
Author of “ English Synonymes Explained.” In Two Volumes, 4to, 
Price 5/, 8s. 
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Transactions of the Reyal Geological Society of Cornwall, instituted 

Feb. 11, 1814. Vol. II. with Six Maps, &c. 8vo. 15s. 
Dr. Faithhorn on Diseases of the Liver and Biliary System, compre- 

hending those various, extensive, and often complicated Disorders of 
the Digestive, Internal Organs, and Nervous System, originating from 
these Sources. The Fifth Edition. With an Appendix of Cases, 
illustrative of the Principles of Treatment. 8vo. 9s. Boards. 

A new Map of the Ear, exhibiting its external, intermediate, and 
internal Structure, together with the principal Nerves and Blood Ves- 
sels in its immediate Vicinity, designed as an Anatomical Illustration of 
that important Organ. By J. H. Curtis, Esq. Aurist to the King, 
6s. coloured. 

Researches respecting the Medical Powers of Chlorine, particularly 
in Diseases of the Liver; with an Account of the new Mode of apply- 
ing the Agent, by which its Influence on the System can be secured. 
By W. Wallace, MRIA. Member of the Royal College of Surgeons in 
Ireland, Lecturer on Anatomy and Surgery, &c. 8vo. 
A new View of the Infection of Scarlet Fever, illustrated by Remarks 

on other contagious Disorders. By W. Macmichael, MD. FRS. &c. 
Physician Extraordinary to the Duke of York, &c. 8vo. 

ArTICLE XIII. 

NEW PATENTS. 

J. Brindley, Finsbury, near Rochester, ship-builder, for improve- 
ments in the buildings of ships, &c.—Oct. 18. 

T. Leach, of Blue Boar-coat, Friday-street, Cheapside, for an 
improvement in steam-engines. Communicated to him by a foreigner. 
—-Oct. 25. 

W. Piper, of Cookley Iron-works, Wolverley, Worcestershire, civil 
engineer, for several new anchors, for the use of shipping and other 
vessels.— Nov. 1. 

A. Flint, of Uley, Gloucestershire, engineer, for a machine for 
scouring, pising, and washing of woollen cloth_—Nov. 1. 

J. Oxford, of Little Britain, for an improved method of preventing 
premature decay in timber, metallic substances, and canvass.— 
Nov.» L. 

-J. D. Moxon, Liverpool, ship-owner, for improvements in the con- 
struction of bridges, and works of a similar nature.—Noy. 9. 

F, Deakin, Birmingham, sword manufacturer, for an improvement in 
the manufacture of holster-cases, cartouch-boxes, and certain other 
description of cases.—Noyv. 9. 

J. Jekyll, of Roundhill House, Wincanton, Somersetshire, for im- 
provements in steam or vapour baths.—Nov. 9. 

R. Roberts, of Manchester, civil engineer, for improvements in the 
process of weaving plain or figured cloths, or fabrics—Nov. 14. 

J. Egg, Piccadilly, gun-maker, for certain improvements in the con- 
struction of guns and fire-arms, upon the self-priming and detonating 
principle.—Noy. 26. 
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ARTICLE XIV. 

METEOROLOGICAL TABLE. 

'BARomMeETeR,| THERMOMETER, Daniell’s hyg. 
1822, Wind. | Max.| Min.| Max. | Min. | Evap. |Rain.| at noon. 

12thMon.| | 
Dec. 1S W29:50/29:21) 49 35 26 

2S W 29°40)29°20, 42 33 42 
3) N 297 (29°40, 43 30 
4S W 29°92,2970 49 31 35 
5S W 29:7029:59! 46 35 33) 
6N W230-08/29:70| 45 | 31 
7N W 30°35 30°08) 40 28 
8S W3035'30°25) 48 32 
9S W30°47/30-23) 48 32 

10|IN W30°6530°47| 44 26 
11IN  E30°66|30°63) 33 24, 
12N  E30°63/30°50; 40 29 
13|’ E  |30°50|30°42| 39 30 

S  E30°42/30'25| 36 26 
IN E30°29/30'25; _ 37 31 

16N —E30°47/30°28 36 30 
17,N W/30°47|30'35, 42 31 | 
18\N  E30°36/30°34, 45 35 
19.N E30°47/30'36, 38 | 27 | 

IN ES0°47/30°46 «3 
2iIN E30°4630:30, 35 26. | 
22N £E30'30/30'23 38 
Q23IN _——E'30°23/30°21 +42 
24IN §E30°55/30°21! 35 | 31 
95) E  |30°57|30°55| 34. 23 
26S  E30°55/30°49 36 18 

'30°49 30°41) 34 14 
E 30°41|30:30, 

29N £30°30 30°03, 31 20 

ey Pate 1 2l-botel se ba bl, | BRIS 

30, E  |30°03|29:93 
* E |29°94/29'93, 31 | 27 | ‘98 

'30°66l2920 49 | 14 | -98 [1-361 

The observations in each line of the table apply to a period of twenty-four hours, 
beginning at 9 A. M. on the day indicated in the first column. A dash denotes that 
the result is included in the next following observation. 
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REMARKS. 

Twelfth Month.—\. Rainy. 2. Fine day: rainy night. 3. Fine. 4. Rainy. 

5. Fine day ; between eight and nine, p.m, rain commenced with a very brisk wind 

from the SW, which increased during the night to a violent gale. 6. Very windy 

morning: cloudy. 7. Foggy. 8. Fine. 9. Cloudy. 10. Very fine morning: fine | 

day. 11. Hoar frost: very foggy day: cleared off at night. 12. Hoar frost: fine 

day. 13. Fine. 14. Foggy. 15. Cloudy. 16, Raw cold: overcast. 17. Foggy. 

18, Cloudy: atmosphere heavy. 19. A strong bleak wind. 20. Bleak, 21. Vine 

and clear. 22. Fine. 23, 24. Cloudy. 25. Cloudy and fine. 26. Fine: bright 

moonlight night. 27. Fine: clear, 28. Hoar frost. 29, 30. Fine. 31. A little 

snow in the afternoon. 

RESULTS. 

Winds: N, 1; NE, 13; E,5; SE,2; SW,6; NW, 4. 

Barometer: Mean height 

For the month........ one c awe SPEER. sicldele clees o) OP SOB MNECHES. 

For the lunar period, ending the Sth .........-5. 653 Soo 

For 12 days, ending the 5th (moon north). ......-.. 29°590 

For 15 days, ending the 20th (moon south)......... - 30°373 

Thermometer: Mean height 

For the month, .. ii.5 004. cles tdeclaces coevlaseoece GO DEO™ 

For the lunar period..... aicins a0 os es osescecoeninsoisbololatere 

For 29 days, the sun in Sagittarius... esseeesssees ees 38°172 

Eenperatione whe aih Woes se Peicb toga: oes sas poe ac.qane cna hash ewcge Omen in. 

FEAING jealuia alti cinpisioluv.sl oeitisin'¥ 6 singin t ia osle™'p.x's'e\cja\0' 43/2 bie ania aneicte see aael 

Laboratory, Stratford, First Month, 22, 1823. R. HOWARD. 
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ARTICLE I. 

Memoir on the probable Situation and Prospects of the Expedition 
under Capt. Parry. By Henry Edmonston, Esq.* 

(To the Editor of the Annals of Philosophy.) 

SIR, Jan. 7, 1823, 
Tue last ships of the season have long since arrived from 

Davis’s Straits, the year has closed, and time slips on; yet we 
hear no tidings of our countrymen, who, twenty months ago, 
sailed on the expedition for the discovery of a North West 
Passage. ‘The public mind, seldom long alive to any thing, but 
lately awakened for a moment to this subject by the return of 
Capt. Franklin, seems again to have sunk into its usual state of 
repose. Did our adventurers but know how small a share of 
the general sympathy and attention their situation engrosses at 
any given period, it would not much tend to cheer the dulness 
of their long and dreary polar winter. But peng in some mea- 
sure forgotten by their country, they live in the hopes and fears 
of kindred and friends left behind, and in the anxieties of those 
who know how to estimate the magnitude and danger of the 
enterprise, and to do justice to their heroism and intrepidity. 
‘The indifference on the part of the public at large is peculiarly 
ill-judged, for at no stage in the history of this extraordinary 
project, since it was first set on foot by Cabot, did it ever 
possess such an intensity of interest as it does at the present 

* Read before the Literary and Philosophical Society of Newcastle-upon-Tyne. 
New Series, vot. v. M 
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moment. To every mind of reflection and sensibility, I do not 
doubt but that this sentiment will be sufficiently familiar. But 
for the purpose of rousing, and, if possible, of keeping alive, 
attention to the subject, it,will be the business of the following 
remarks to place some of the circumstances connected with it in 
as prominent a point of view as the shortness of the time within 
which I have to prepare this article will allow. I obtrude 
no speculations on the importance of a north-west passage. 
This, together with the history of the various attempts made to 
effect it, are well known to all who are the least conversant with 
the study of maritime geography. I may, however, hazard 
one observation, that, setting aside every other consideration, it 
does appear to be, under suitable circumstances, an object 
worthy of the first maritime nation in the world, to take the lead 
in determining all questions of this kind, even though no other 
result should follow, than the ascertaining of a geographical fact. 
Such exploits are in strict accordance with many of our most 
interesting national associations and habits. Besides, to Great 
Britain belongs the glory of having first instituted voyages of 
discovery for the mere purposes of extending the boundaries of 
natural knowledge, and of benefiting mankind. Moreover, it 
belongs to the reign of George III. and will transmit that reign 
to posterity, with a lustre that will throw into shade many of the 
political events, singular as they have been, which have occurred 
during the sixty years that it lasted. Much, it is true, had been 
done previous to the accession of our late monarch towards per- 
fecting the knowledge of the globe, but it had been done with 
selfish and sordid views, for the sake of national or individual 
emolument. It was reserved for this country, in our own times, 
to set an example of beneficence such as the world had never 
witnessed, viz. the exploring of new and distant regions in 
order that civilization and happiness might be more widely 
diffused.* The north-west expedition then, had it no other 
claim to our regard, would be entitled to it on the ground of its 
having been sent out in furtherance of those laudable and 
enlightened designs. But it also has its own peculiar claims; 
such, indeed, as are calculated to call forth our utmost solicitude 
and admiration. 
We know that a certain number of our countrymen have now 

been absent for a long period on a most perilous service ; that 
they have already encountered one hyperborean winter, and 
must now be amidst the hardships and privations of another ; in 
regions, perhaps, never before visited, certainly never before 

resided in by Europeans, and under circumstances, though not 

altogether new, in the highest degree trying and difficult. We 

* Itis a fact not undeserving of notice, that the first expedition sent out with the 
views hete stated, sailed shortly after the accession of his late Majesty; while the last, 
and, perhaps, the only important achievement of the kind remaining to be accom) lished, 
left the country in the year in which he died. : 
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know them to be bold and resolute ; zealous and persevering in 
the discharge of their duty, dreading nothing so much as failure. 
On the other hand, there is the experience of a former voyage ; 
the prospects thence opened out, a certain share of national 
reputation hanging on the event, the honour that must accrue 
from success; nay, that must attach even to failure. In short, 
a thousand considerations all of them most deeply interesting, 
and tending powerfully to fix on this expedition the notice of the 
world, and assuredly to engage our warmest sympathies on 
behalf of those who have embarked in it. A few conjectures 
then, respecting the probable situation and condition at present 
of this brave band, and also as to their prospects for the future, 
will not, we hope, be considered mistimed at this season; to us 
one of rejoicing and festivity, to them, probably, one of dreari- 
ness and darkness. 

Next to the honour of participating in their hazardous pursuit, 
is the pleasure we derive from following them in our mind’s eye, 
or from tracing their fancied route on the map; joining in 
their labours, and entering into their difficulties. While thus 
employed, we feel, as if by taking a part, we lightened their 
toils ; and we at all events discharge the duty we owe them of 
taking a lively concern in their affairs, the belief of which on 
their part, we may be assured, helps, perhaps, more than any 
thing else, to cheer the dull monotony of their abode, and con- 
stitutes one of the principal means of enabling them to bear up 
under the pressure of hardships or misfortunes. Let us then 
endeavour to follow them, and, if possible, to find them out. 

Various situations present themselves in which we may 
imagine them to be placed, some of them more or less difficult ; 
some of them dangerous. Before pointing these out, however, 
we shall attempt to assign the limits so far as respects latitude 
and longitude, within which their course must have lain, and 
within which they must in all probability be, if alive, and their 
object still unattained. In doing this, although there be few 
data of any kind, and still fewer upon which we can approxi- 
mate with any thing like precision to the spot that they are 
likely to be now occupying, we can at least say with some cer- 
tainty where they are not ; and even this negative knowledge, in 
the absence of something better, is not wholly unimportant. 

It is not easy to guess accurately where the entrance from the 
North Atlantic has been made. The experience, however, of 
the former voyage—the fact of their not having been traced or 
heard of by any of the whalers—the views of Capt. Parry him- 
self—and other considerations—lead to the belief that the place 
of entrance has been sought for, and found, either through Hud- 
son’s, Frobisher’s, or Cumberland Straits, and thence northward 
by either Sir Thomas Rowe’s Welcome, Repulse Bay, or Fox’s 
arthest. It will save some trouble if we at once take this for 

granted. 
mM 2 
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Cape Chidley in 60° north latitude, at the south entrance of 
Hudson’s Straits, and Possession Bay at the south entrance 
of Lancaster Sound, will consequently be their utmost distance 
in latitude; while their space in longitude will not here consi- 
derably exceed 20°, which, at this distance from the equator, is 
not much. It is not till they reach the latitude of 66° or 67° 
that their longitude becomes considerable, extending to Icy 
Cape, or probably to Cape Prince of Wales; that is, as far as 
the 168th degree of west longitude, and comprising not less 
than from 80° to 90°; while the latitude suffers a corresponding 
diminution, not including, at the furthest, more than 6° or 7°. 
This is owing to the particular direction of the land and water. 
Within the boundaries denoted by these rough numbers, our 
navigators, in all probability, must be. But we may, if we 
choose, very much circumscribe these limits; and, for the sake 
of aiding our speculations, it may be well todo so. We shall, 
therefore, confine them between the parallels of 66° and 72°, 
and between 80° and 168° west longitude, In this estimate it 
is assumed, that Capt. Franklin has given to the Copper Mine 
River a lower latitude than Hearne did; and we may venture to 
do this with safety, both from what has transpired respecting his 
voyage, and from a conjecture hazarded with great foresight by 
Capt. Parry in his Journal, It will also stretch as far north as 
Prince Regent’s Inlet, explored in the last expedition. 
On casting the eye over the map, there is one thing that can- 

not fail to strike the most superficial observer, viz. the near cor- 
respondence in latitude (or at least within a very few degrees of 
each other) of four cardinal points, now ascertained to exist ; 
namely, Fox’s Farthest, the mouth of the Copper Mine River, the 
mouth of Mackenzie’s River, and Icy Cape. From well authen- 
ticated facts, as well as from many circumstances of a conjec- 
tural character, such as the probable direction of currents, tides, 
Xe. it amounts to almost a certainty, that between the latitudes 
of 67° or even lower, and 75°, and for the whole longitude 
already mentioned, there is an extensive surface of water more 
or less open. Whether continuously so from the North Atlantic 
to the North Pacific, or whether permanently obstructed by land 
or ice, remains to be seen. So far as Capt. Parry’s former survey 
goes, there has not yet been discovered any estuary communi- 
cating with it between Cumberland Strait and Lancaster Sound, 
though it might be expected that a body of water of such magni- 
tude would make itself known by an outlet not liable to doubt or 
mistake. We are not, however, to lay too much stress upon 
this; the Sound and the Straits of Gibraltar being familiar 
examples to the contrary. Still, no passage having been found, 
full liberty is allowed to presume that Hudson’s Bay through 
Sir Thomas Rowe’s Welcome and the neighbouring passages, 
forms the prolongation eastward of this vast expanse, and that 
Hudson’s Straits generally, as comprehending Frobisher’s and 

| 
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Cumberland Straits, is the main channel by which it communi+ 
cates with the Northern Atlantic. Through these Straits then 
we assume that Capt. Parry, agreeably to his own expectations 
and speculations, made good his entrance in the summer of 1821, 
The question comes, where is he now? and what is to become 
of him? It would indeed be most gratifying, could a reply of 
definite probability be given to this question; were it but to 
soothe the mind for a time into tranquillity, and to dissipate a 
portion of that uneasiness which must otherwise be felt. But 
this is not to be done, and we must be content with such con- 
jectures as circumstances seem to warrant. 

It is quite needless to imagine that they could have got 
through into Behring’s Straits the first season. Such a supposi- 
tion, though favourable to their object, is fatal to their existence ; 
because they must have been either at home, or heard of, long 
ago. There can be no hesitation then in rejecting this notion. 

The fist supposition we shall hazard, then, is, that during the 
summer of 182] they found admission somewhere in the vicinity 
of the channel already specified, and that favoured by their 
former experience, the accidental openness of the season, the 
lower degree of latitude, and other concurrences, and keeping 
the American coast fast on board, they penetrated to a consider- 
able distance, say beyond the longitude of the Copper Mine 
River, and that on the return of summer 1822, they recommenced 
operations, went forward, passing Mackenzie’s River, and 
pushed through into Behring’s Straits, either by some outlet 
north of Cape Prince of Wales, such as Kotzebue’s Sound, or 
by doubling Icy Cape, probably last September. This is clearly 
the most favourable supposition that can be made. Should it 
prove correct, we may begin to expect intelligence very soon, 
or in the course of the ensuing spring, either by the Isthmus of 
Darien and the West Indies, or we may see them by the East 
Indies, or Cape Horn, according to the route by which they 
return, which wili doubtless be left to Capt. Parry’s discretion.* 
We cannot anticipate early news by Kamtschatka and Petersburg, 
the journey being so long and tedious. 

The supposition now made, however, though a possible case, 
is a barely possible one. The presumptions are all adverse to it. 
We have placed our adventurers at the end of the first season 
beyond the mouth of the Copper Mine River, for the sake of 
making every allowance, rather than because it is probable they 
could have reached thus far. The probability is, they did not, 
and this is corroborated by another probability, that they may 
have been detained a long time, perhaps nearly a season, in 
doing little more than finding a channel by which they might 
advance, as happened to a certain extent in the former voyage, 

* From this view it is obvious, that the circumstance of our not yet having heard of 
them ought not, by itself, to occasion the least disquietude. 
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while exploring Prince Regent’s Inlet. In the second place, ‘it 
assumes the passage to be almost straight, and free, which 
assumption has little to countenance it. Thirdly, the new and 
more circuitous route; and although this may be compensated in 
some degree by'a longer season in a lower latitude, and fewer 
obstructions than in Lancaster Sound, yet the compensation 
appears scarcely adequate to the purpose. We cannot make 
out from any satisfactory data the length of the working season 
under the parallels in question. In lat. 51°, at the south corner 
of Hudson’s Bay, Capt. James found his movements impeded by 
ice so early as October, and was obliged to lay up for the 
winter by the end of November; it was June before he could 
stir, and August before the ship was disentangled, making little 
more than four clear months, and even during the whole sum- 

‘mer, the bay was infested with ice. The entire working period 
in Lancaster Sound, at least in the meridian of Melville Island, 
which is exactly that of the Copper Mine River, did not exceed 
49 days, according to Capt. Parry. Now the parallels under 
which we have placed the expedition are upwards of 15° north of 
Charlton Island, where James wintered, and certainly not more 
than 7° south of Lancaster Sound. If then we give three com- 
plete months for the open working season, it may be all that 
can well be allowed. If Capt. Franklin was able to survey 500 
miles of coast, it would argue to be sure a pretty long season for 
active operations, though, on the other hand, the winter appears 
to have set in upon him go early as the end of August. But here 
we are all in the dark, not long to continue so we trust. 
Fourthly, if they kept hold of the American coast, which Capt. 
Parry deems essential to success, they might have been seen or 
heard of by Capt. Franklin, had they penetrated to within even 
200 miles of the longitude of the Copper Mine River. Yet this 
of itself is not much; the natives may have destroyed their 
signals and beacons ; besides, they might easily pass unseen by 
Capt. Franklin, Fifthly, admitting that they did get beyond the 
Copper Mine River the first season, still there is an unexplored 
way of equal or greater length lying between them and the lon~- 
gitude of Behring’s Straits, which would occupy fully as much, 
if not more time in exploring. At least so we must conceive of 
it, especially if we keep in mind that the forward advance of one 
season is no absolute criterion by which we can judge of the 
advance made in another. Capt. Parry, not having, during the 
whole summer of 1820, pushed westward 10 miles beyond the 
spot to which he reached in 1819. Sixthly, there isa fact stated 
by this able commander, that the quantity of ice kept increasing 
as they advanced westward; and although he accounts for this 
with his usual penetration, by the increasing distance from the 
coast of the ocean, and expects it not to happen after reaching 
midway, but, on the contrary, that it would decrease as they 
approached the western sea coast of America, from the well- 

—kaee 
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known greater mildness of the temperature on the American 
than on the Asiatic coast; yet it is difficult to pronounce how 
far this calculation would be found to agree with actual expe- 
rience. At all events, the accumulation of ice is likely to be 
sufficient, even in the lower latitude, to cause much obstruction; 
and to retard the progress so far, as to induce the necessity of 
wintering for the second time in these arctic latitudes. And this 
brings us to the second supposition, which we beg to hazard ; 
namely, that they have proceeded beyond the Copper Mine, or 
even beyond Mackenzie’s River during this last summer (1822), 
and have pushed forward; but though the passage may event- 
ually prove to be pervious, that they have been obstructed by 
climate, season, and other impediments, before they could launch 
upon the Pacific by Behring’s Straits; and that they are 
actually now passing the winter at some point short of that 
desirable goal. In this case no reasonable fears can be enter- 
tained for their safety. The wintering on Melville Island has 
set this question at rest. Ifall have gone well with them, not a 
doubt can arise as to their capability of sustaining another 
winter in a lower latitude, fortified by two years’ experience, and 
doubtless amply provided. Though the risk to health will of 
course be somewhat greater (as appears by the reiterated appre- 
hensions of Capt, Parry), yet we may confidently hope, that with 
the earliest return of summer, they will press forward, and pene- 
trate into Behring’s Straits, probably by next August or Septem- 
ber (1823). In this case, it will be the end of 1823, or the 
beginning of 1824, before they, or any intelligence of them, can 
arrive in this country. This supposition embraces all the pro- 
babilities of the former one, with others, and the important 
adjunct of time superadded. It is the one to which we most 
incline, because it seems to meet many of the objections likely 
to be urged, and it is effectual for the accomplishment of a 
north-west passage, if such do exist in the direction they may 
have taken; while it is consistent with their perfect safety, 
which more than all is important; even granting that a little 
beyond the spot where they are now sojourning, they should find 
themselves impenetrably opposed by ice or land, or to have 
sought for the passage in a wrong direction, an occurrence, by 
the way, not unlikely to happen, they may still get back in the 
course of the ensuing summer; and by October or November, 
we may hail their arrival. 

The next, or third supposition, is not so favourable, involving, 
as it does, the likelihood of some danger, and the certainty of 
some difficulty, if not hardship. It is this; suppose, as we 
have already done, that they last summer reached, and are now 
wintering somewhere beyond Mackenzie’s River, but considera- 
bly short of Behring’s Straits; and suppose that after haying 
resumed their efforts next summer, and proceeded to some dist- 
ance, they should not be so fortunate as to find a channel lower 
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than Icy Cape, and their attempts to pass that promontory be 
rendered fruitless by ice; in the same manner as at the end of 
Melville Island, though there appeared to be no want of sea; * 
and that they should in consequence be obliged to return the way 
they went: then comes a question, can they retraverse in half a 
season; nay, perhaps, in little more than the mere remnant of a 
season, the space advanced in nearly three seasons ? 

This question we should hope may be settled in the affirmative, 
though there be some points connected with it which do not 
leave us entirely free from doubt. In Lancaster Sound, they 
sailed back in six days the distance advanced in six weeks, 
owing to the setting of the current from west to east; so that if 
upon a more southerly parallel the current set in the same direc- 
tion, and with the sathe rapidity, we are unwilling to indulge any 
misgivings as to their ability to effect the run back, and we shall 
have the satisfaction of welcoming them next autumn; and 
though ever so unsuccessful, welcome them we shall; for highly 
as we may be disposed to account the discovery of a north-west 
passage, we set an incomparably higher price on the lives of 
those who have gone in search of it. 

But let us imagine unexpected impediments to present them- 
selves; severity of the weather, change in the direction, or 
increase in the quantity of the ice, a difference in the set or 
swiftness of the current compared with that in Lancaster Sound, 
various localities, and other matters of which we can form no 
adequate idea, rendering it impossible for them to reach the 
Atlantic in the course of next season: then comes a serious 
question, Can they subsist for another or a third winter in the 
polar regions? Are they suubled with provisions, fuel, and 
clothing, for this purpose? In the former voyage, they were 
equipped for two years, which, by the bye, was too short, and 
had nearly proved so, and shows the calculation to have been 
defective. For how long they have been this time equipped 
and victualled, we have not learned,+ and, therefore, can found 
upon it no calculation. But if the supposition now thrown out 
should ultimately prove the correct one, itmust be three years anda 
half from the time of their leaving this country before they can 
revisit the British shores, or obtain a fresh supply; that is, it 
will be, not next November, but November, 1824, before they 
come back. This is a long time for fuel and provisions to last. 
Under the impression that he might be compelled to winter a 
second time in Lancaster Sound, Capt. Parry put his people to 
a reduced allowance of every thing ; that is, to two-thirds of the 
usual navy allowance, a measure which led him to entertain some 
uncomfortable anticipations, regarding its effect on health as 
well as the effects of so long a deprivation of fresh animal and 

* Cook and Clerk found themselves opposed about Icy Cape by ice in July and 
August, 
+ It has been said three years. 
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more especially of fresh vegetable aliment. The bad conse- 
quences of a third winter, therefore, might be fearfully aug- 
mented, were there not reason to expect that the supply of game 
will be more abundant further south than it was in Melville 
Island. Cartwright, in Labrador, shot plenty of deer and bears, 
even in the depth of winter, long and severe though it was. 
There will be besides, somewhat less gloom and darkness, and 
altogether a shorter winter. There will, probably, too, be more 
of esculent vegetables, and we have the satisfaction of knowing, 
that Donkin’s preserved animal food, of which their stock must 
be abundant, undergoes no deterioration by any length of keep- 
ing to which it has yet been subjected. The article of fuel gives us 
more concern. One thing, however, is certain; that from the skill, 
prudence, and resource, of the commander ; and from the zeal 
and devotedness of his followers, every thing may be expected. 
Thus we may still cherish well grounded hopes that they will be 
able, inured to the climate as they must then be, in some measure, 
to withstand even a third polar winter, should it be necessary. 
And this will tend to relieve us from much anxiety as to the 
preservation of their lives. 

The views already taken have gone upon the principle that all 
is to continue prosperous (God grant it may !), so far as respects 
their health, subsistence, and means of protection, against the 
rigour of the climate; and without taking into the account any 
untoward accident. But let such occur, a deficiency in their 
resources from damage to the ships, injury to the provisions and 
stores, sickness disabling them from exertion; what sort of 
predicament would they then be in! What complicated mise- 
ries may they be made to endure! It is possible, then, and, per- 
haps, not so improbable as could be wished, that, according to the 
fourth and last, and worst supposition of all, they may have 
been overtaken by some calamity; their ships wrecked, or cut 
up by the ice; their stock of every thing wholly or partially 
destroyed; themselves thrust out with such means as the moment 
supplied, to find their way over frozen wastes, in a climate 
destructive to every thing that lives, save foxes, and wolves, and 
bears! From such a view, however distant, the imagination 
involuntarily recoils, and would gladly take shelter, if it could, 
in the brighter prospects already held out. But difficulties and 
dangers to be overcome must be looked, as our gallant heroes 
will look at them, full in the face. Some faint conception may 
be formed of such a situation from what appears to have 
befallen Capt. Franklin; with this difference, that thew hard- 
ships would be enhanced tenfold, inasmuch as they would be 
ignorant of the country, and unable to avail themselves of its 
resources. It is then not impossible but that, in the course of 
the voyage, they may be plunged into this miserable state, per- 
haps at no great distance from Hudson’s Bay; perhaps at some 
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station far remote, casting many a longing look in vain for help, 
and wasting under the accumulated horrors of cold, disease, and 
starvation ! This may be thought an overcharged picture! Per- 
haps it is so. May it not turn out the true one! 

Upon such a view of their situation, what does it become the 
duty of the country to do? 
W thors speculative enthusiasts may say in their closets of 

the national honour, maritime glory, eclat, and so forth, to be 
derived from the discovery of a north-west passage, the expos- 
ing of men’s lives to the greatest hazards for the attainment of 
such an object is at all times a matter of serious import. We 
know, indeed, that Capt. Parry and his companions went on this 
adventure upon their own sole responsibility, and with the full 
knowledge of its perils, ‘‘ for all are volunteers from the highest 
to the lowest,” says a journal of some authority, when speaking 
of the former voyage. Yet this requires qualification; many 
circumstances may conspire to render a service strictly and 
severely compulsory, without the aid of the impress; and at 
all events the fact takes nothing from the heavy responsibility 
resting on all who have charge and superintendence in this 
business. And this brings us at last to the main object of the 
present memoir, 
‘To use the words of a celebrated commander, “ England 

expects ” Capt. Parry and his associates “ to do their duty.” 
—They will do it ;—but they have a right to expect the coun- 
try to do its duty by them. 

_ When men are sent on an imminently dangerous enterprise, 
the least that the country can do is to evince a constant sensibi- 
lity to their condition, and to be forward in using every practi- 
eable means for their preservation, never losing sight of the 
maxim, that it is both wiser and more humane in such cases, to 
do too much than too little. 
We may be all but certain, that they are wintering for the 

second time in a high northern latitude, an act in itself not 
exempt from risk, even under the most favourable circumstances ; 
but under any disaster, dangerous in the extreme. What would 
have been the fate of Capt. Franklin and his party, had they not 
arrived when they did at the friendly post of the Hudson’s Bay 
Company? 

Let it not be understood for a moment that I am here putting 
forward these surmises as disheartening forebodements, caleu- 
lated to wound the sensibilities of relatives and friends. Such a 
design would be as base as the attempt would be futile, Besides, 
my hopes have always been strong, and will continue stedfast, 
But on behalf of our voyagers, I do frankly confess to a degree of 
anxiety, bordering on impatience and restlessness. Besides, I 
wish the whole matter should be seen, that the country may be 
made thoroughly sensible of the greatness of the services which 
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these brave men are rendering in order that her honour may be 
promoted. Moreover, though it ought not to be doubted that 
every thing relating to this expedition has been considered with 
the calmest and most mature deliberation, yet we have seen 
expeditions sent out, the calculations of which had for their basis, 
not the probabilities of failure, but the bare possibilities of 
success. Now success carries with it, or creates, its own 

resources, and may well be left to itself. I may remark too 
that, every other circumstance apart, the situation of Capt. Parry 
is one unprecedented in the history of this country. - It may 
well, therefore, justify a degree of provident care that might 
otherwise be accounted excessive. On the former expedition 
difficulties were met with that had not been anticipated, and 
in all undertakings of this sort, events occur which no judg- 
ment can forecast. It is to prevent or to remedy misfortune, 
then, that precautions are to be taken; and the plan to be adopted 
almost suggests itself. 

Let dispatches be forthwith sent to the Governors of Canada 
and Hudson’s Bay, and to the North-West Company, directing 
them to equip different parties of natives to go in search by the 
Copper Mine River, Mackenzie’s River, and such other routes 
as may be thought expedient. Let them take out plentiful sup- 
plies ofall kinds. Let the richest rewards be secured to them in 
case of success, and to their families (by way of encouragement) 
in case of disaster befalling them. The tribes who accompanied 
Hearne think little of travelling to the mouth of the Copper 
Mine River, and the esquimaux evidently migrate even beyond 
Lancaster Sound. Let each expedition (and we would forward 
twenty, if requisite) be accompanied, if thought proper, by one 
or two adventurous individuals from this country as a check to 
ensure their fidelity. The danger to them under the guidance 
of natives would be nothing. Such expeditions might be 
effected with ease and certainty in the course of one short spring 
or summer. Capt. Parry himself when discussing the subject 
of a north-west passage, expressly anticipates “the chance of 
being enabled to send information by means of the natives, and 
the comparative facility with which the lives of the people might 
be saved in case of serious and irreparable accidents to the 
ships,” (Journal, p. 298.) 

The object being simply to search and obtain news, not to 
survey (and this is of some consequence), a great extent of 
ground may be gone over, and first rate scientific men are not 
required. Not an instrument need to be taken out, excepting, 
perhaps, a quadrant, or pocket compass, to determine latitudes 
and courses. Repeated expeditions have of late years proceeded 
to the mouth of Mackenzie’s River and the Copper Mine River 
in pursuit of less worthy objects. 

here too would be the harm of ordering out, this very spring, 
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two or three small ships of war on different routes; one 
to make for Sir Thomas Rowe’s Welcome, or Repulse Bay ; 
another for Fox’s Farthest; and a third to look into every creek 
and comer on the coast of Baffin’s Bay, as far even as Lancaster 
Sound or further; though there be no great likelihood of the 
entrance being made this time so much to the northward. 
Why also might not the Davis’s Straits’ Whalers be encou- 

raged by a bounty to sail a few weeks earlier than usual, and to 
employ the time in exploring the coast all the way to the fishing 
ground? Ina word, suppose any thing and every thing to be 
done most likely to promote the great objects in view; namely, 
the preservation of our dear countrymen and the character of our 
country. 

Should the apprehensions set forth in this memoir be treated 
as chimerical, 1 can only express my hearty prayers that the 
event may prove them to have been so; or should it be objected 
that the proposed measures would be premature, the time not 
having yet arrived when they may be called for, I reply, that 
at is not the time to send help when it is needed. Months must 
elapse before if, can by possibility reach them, and months or 
weeks, nay days, are too precious when the time of their trouble 
comes. Every one will allow, at least, that the aid had better 
come too soon than too late ; and that hundreds of thousands of 
pounds had better be expended in superfluous precautions than 
that a single man should perish by neglect or delay. 

I trust that the department of the public service to which 
the management of all this affair has been exclusively confided, 
is fully and feelingly alive to the duty which it has to discharge 
on this occasion. Nay it is by no means improbable, that the 
measures now suggested have long been in contemplation. 
Most unfeignedly shall I rejoice should this prove true. But 
ublic boards cannot find leisure to attend to every thing ; and 

i am so unreasonable as to think, that on such an occasion, 

we ought, if possible, to be prepared for all chances. We can- 
not forget that La Perouse might have been saved or heard of 
had ships been timely sent out in search, instead of waiting 
years beyond the extreme period allowed for the fulfilment of 
his instructions. But France was then in her political agony. 

For her, therefore, there was the appearance of excuse or pallia- 

tion. For us there can be none. But even as it is, the name of 

Perouse can never be uttered or thought of without feelings of 
the deepest sympathy, regret, and indignation. Besides, nothing 
satisfactory could be anticipated from the labours of those sent 
out under Entrecasteaux ; for they were evidently more engrossed 

by their party squabbles, than with the noble object of their 

search; and, in fact, when the commander died, they actually 

quarrelled on these paltry grounds, and separated. Again, the 

very character and mode of conducting the expedition were 
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sufficient to ensure disappointment. Their purpose was, or 

ought to have been, search, and nothing else ; to touch or look in 

every where ; to rest no where a moment longer than was indis- 

pensable. Instead of this, they were provided with naturalists, 

astronomers, geographers, engineers, and all the paraphernalia 

and instructions suited to a voyage of discovery; and conse- 

quently spent much of their valuable time in details foreign to 

that sacred duty which should have occupied their sole and 

undivided attention. And to crown the tae, the two ships 

were dispatched together ; instead of taking separate routes, by 

which the chances of gaining their object would have been at 

least doubled. However, not to dwell any longer on the mis- 

takes of our neighbours, let us endeavour to profit by them, and 

above all, let not the bitter reproach lie against this country of 

having “ left undone that which she ought to have done.” 

ArtTIcLeE II. 

Astronomical Observations, 1822, 1823. 
By Col. Beaufoy, FRS. 

Bushey Heath, near Stanmore, 

Latitude 51° 37’ 44°3” North. Longitude West in time 1’ 20:93”. 

Jan. 22. Emersion of Jupiter’s wet 6h 46’ 39:0” Mean Time at Bushey. 

satellite....++..+.. Jeteeeeeee 6 48 00-0 Mean Time at Greenwich. 

Jan, 24. acne of « Gemini by the 5 58 05:5 Mean Time at Bushey. 

ey 13. pei . Ch ae Mi “f 6 16 55:0 Mean Time at Bushey. 

Memorandum.—The greatest degree of cold last month at this place was 16° below 

freezing, and this occurred on the morning of the 20th. 
On the 19th, when the thermometer here stood at 173°, it sunk at Bushey Grove, 

the seat of David Haliburton, Esq. to zero. Bushey Grove is about 200 feet lower than 
Bushey Heath. 
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Barometer. 

Highest, Feb. 27, Wind, N....ereccassaccrsaceee 305800 
TOWEL AI.) Ae HAV UND ANY .0 bq 0 asalocsin dls beapsee.s scpcbie PO OLO0 

Register Thermometer. 

Highest, June 5. Wind,SE......... sini Kinialh te ste. 84° 
Lowest, Dec, 16. Wind, NE. eeeevreeevrervreevee ee eens 26 

Register Thermometer in the Sun. 

Puenes,, Dug.'21.. Wind, ENE. . sass wcccte ret eee OO UHl 
Lowest, Dec.16. Wind, NE. .......... ae a eee 26 

Common Thermometer. 

Highest, June 5. Wind, SE...... aieciae tale Swcwietie.s 83 
Lowest, Dec. 20. Wind, NE. ........ Sila mince « in chance 28 

Wet days comprehend rainy, showery, snowy, and those in 
which there was a fall of hail. 
My pluviameter is situated on the top of a chimney, 30 feet 

above the ground, and free from the operation of any local cir- 
cumstances. 

January.—The winter has been remarkably mild ; no snow, 
and only a few showers of hail and sleet, which were dissolved 
as fast as they fell. The last 24 days of this month, the barometer 
stood uniformly (one day excepted) above 30 inches. If the 
addition for the elevation of the barometer was made, the last 
27 days of the month, the mercury stood above 30 inches. 

February and March—These months also were remarkably 
mild. Only one day on which we had any frost. 

April—This month was rather stormy, with many hail 
showers. 

May,—This month was remarkably fine; many days exces- 
sively hot for this season of the year. 
June.—A very fine month. Heat very oppressive, particularly 

on the Sth. a 
July—More rain in this month than has ever before been 

recorded, being 19 days rain. 
August and September.—Generally speaking fine months. 

r RO ah stormy on the 7th and 8th; wind from the 

November. —Several days in this month particularly rough ; 
blowing very strong on the 23d, 24th, 25th, and 28th. The lat- 
ter day was attended with very sudden squalls, raging to aperfect 
hurricane, and in a minute subsiding, to be renewed with equal 
violence. Onthe evening of this day, there was a very beautiful 
lunar rainbow. 

December.—Generally speaking very mild. A few days sharp 
frost, with gentle wind: 23 days of this month, making the 
proper addition, the barometer stood more than 80 inches high, 
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N. B. As my house, or rather the site of my barometer, is 
situated ]05*9 feet above the sea level, it must be necessary to 
add 0-104 inch to all the barometrical heights in the foregoing 
tables for the correct heights of mercury. The tables contain 
the means of three daily observations; viz. 8 p.m.; 1 a.m.; 
and 10 a.m. ‘The most prevailing wind of the 24 hours is only 
given ; and the register thermometer placed in the sun is insu- | 
lated six feet from any thing capable of reflecting heat, and the 
scale of it is marked on the glass tube itself. 

Helston, Jan.4, 1823. M. P. Moyte. 

ArticLe IV. 

Essays on the Construction of Sea Harbours. 
By Mr. J. B. Longmire. 

(To the Editor of the Annals of Philosophy.) 

SIR, Whitehaven, Jan. 9, 1823. 

THis subject being new to the public, you may deem the 
following essays worthy of insertion in the Annals, more espe- 
cially as you occasionally have papers in it on civil engineering. 

The matter under consideration naturally falls under two 
parts ; namely, entrances into sea harbours ; and the situations 
and relative positions of the piers of such harbours. 

1. Of Entrances. 

All entrances into sea harbours may be classed under two 
heads : in the first, they face the sea, and admit the surf;* and 
in the second, they face the calmest quarter, while the surf 
passes to the lee shore without entering the harbour. 

In constructing a harbour to make a proper entrance is a very 
important task ; as a harbour that is safe within loses much of its 
value, if not accessible in every wind that a ship can approach it 
from the main ocean. 

Before describing the theory of entrances, it is necessary to 
show how vessels approach a harbour in different winds. A ship ~ 
can sail best with the wind, and her course to any object to the 
leeward is in a straight line; and although she cannot sail 
directly against the wind, she can either reach or pass any 
object to the windward, by making alternate approaches, which 
have angles of 61 points, or 73°-7’ 30”, with the wind: this is 
called tacking. When a vessel is sailing with the wind from the 

* The surf is a term applied to express the state of the sea’s surface near the shore 
in a high wind, or in a gale ; and signifies the rapid succession of great waves that pass 
to and strike the shore, 

oa 4 
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north point, having her bowsprit N, 73° 7’ 30” W, she is on the 
starboard tack; and on the larboard tack, if in the same wind, 
her bowsprit point N, 73° 7/30” E. Thus if a vessel sail along 
the line ce, fig. ], toa, the wind 
blowing in the direction ga, if 
she is on the starboard tack, 
the line d e making an angle 
of 73° 7’ 30” with the line ga; 
and for the same reasons, in 
the same wind, she is on the eer ie i 
larboard tack, when sailing 
along the lineba. Henceby 4 E 
sailing with the wind, or by 
tacking, a vessel can pass 
from any one place to any 
other ; and of course in one way or the cther she approaches a 
harbour. 

As that entrance which presents itself to the open sea, and 
admits the surf, can be passed by vessels in all winds; and 
easier in any wind than the other kind of entrance, I will first 
treat of it. Let B, fig. 1, be this entrance into the harbour E; 
D the open sea; A C two piers forming the exterior wall of the 
harbour; 4éa line passing through the middle of the piers ; and 
gaf apother line at right angles to them, and in the middle of 
the entrance meeting with the line hi. Now the wind blowing 
in the direction gd is the most adverse to a ship approaching the 
entrance B from the open sea ; and, as before shown, da and ca 
are the lines of approach for this wind. These lines ba andc a 
make an angle of 13 points, or 146° 15’, with each other; and, 
being the larboard and starboard tacks for the most contrary 
wind, they have within them all the necessary lines of approach 
for winds from ali points of the compass ; and the harbour E 
having in front of its entrance 13 points, or 146° 15’ of clear 
sea room, is accessible in any wind whatever. 

The directly contrary wind, and winds within a point on each 
side of it, would be in gales the worst of all to enter with; but, 
that coming from the adjoining land, they have not space to 
raise a high sea’near the harbour ; otherwise a vessel in attempt- 
ing to enter against a gale out of the harbour-mouth, would, toa 
certainty, be driven out to sea again. 

Vessels passing through entrances of this kind can in all 
winds take shelter within the pier-heads without any assistance 

from harbour boats to draw them into the entrance, and in gales 
from any quarter are not, as in entrances of the other kind, in 
danger of being driven on the lee shore, provided they are in a 

good sailing condition and come to the proper place to make the 
entering tack in side winds. But if vessels arriving in distress 

_by violent storms, by negligence, or want of local knowledge of 

Fig. I. 
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the commanders, miss the harbour altogether, the loss in conse- 
quence is not chargeable upon the entrance. 

Entrances that face the calmest quarter, and that do not 
receive the surf, are at 
right angles, or nearly so, 
to the main shore. Let 
A, fig. 2, be such an en- 
trance to the harbom B, 
facing the high shore o g; 
ab is the main pier, and 
nm the inner pier. The 
exterior lines of approach, 
eb, c b, are obtained by 
allowing such space in 
front of the shore at, ik, 
and ¢ h, as will keep ships 
sailing on these lines from rocks and shallow water; and if they 
have within them 146° 15’, then a vessel can reach the pier- 
head 6 in any wind. But as the side c is open in strong sea 
gales, vessels are some times carried too far past the head 6 to 
turn into the harbour-mouth A ; and the same happens in gales 
out of the harbour-mouth A : vessels so driven aside are forced 
upon the contiguous rocks or sandy shore, and are destroyed or 
much injured. So it has happened after an entrance of this 
kind has been tried to a large harbour, and where money could 
be obtained, that outworks have been erected on the exposed 
side c, which assimilate the principle of this entrance, when so 
modified, very closely with that of the first kind of entrance. 

I am, Sir, yours, Xc. 
J.B. LoNGMIReE. 

ARTICLE V, 

On the Geology of Devon and Cornwall. 
By the Rev. J. J. Conybeare, MGS. 

(To the Editor of the Annals of Philosophy.) 

MY DEAR SIR, Bath Easton, Feb. 2, 1823, 

Tue notice of such geological travellers as first visited Corn- 
wall and Devonshire was of course most strongly attracted by 
those which may be termed their metalliferous ‘districts, and 
these still do and must always continue to present the most 
immediate and interesting objects of such research. Soon also 
the attention was directed to such points of the coast as are 

‘ 
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distinguished either by the magnificence of their scenery, or the 
extent of the sections and singularity of the phenomena which 
they exhibit. Many and valuable as the contributions to the 
geological history of both counties have unquestionably been, 
yet our knowledge of their structure (especially in the case of 
such districts as do not fall under the above-mentioned heads) 
is by no means so perfect as to preclude even in a casual visitor 
the hope of adding somewhat of information to the present 
stock. It may be useful too to point out the deficiencies which 
yet remain to be supplied by those who have better opportunities 
and leisure. Such is the object of the following memoranda 
collected chiefly during the summers of 1809 and 1812, and 
partly verified in that of 1819. On many points they are of 
necessity very imperfect, and some parts of the original manus- 
cript have been omitted in consequence of the same phenomena 
having been far more accurately and fully described in the essay 
contributed by Mr. Sedgwick to the first part of the Cambridge 
Philosophical Transactions. What is retained, I have arranged 
for convenience’ sake geologically, rather than topographically ; 
and in this arrangement I venture to propose the following divi- 
sion of the principal rock masses as one which, if not strictly 
scientific, will yet, I think, be found useful for the purpose. 

1. Granite, including some porphyritic beds and mineral 
veins, and shorl rock. 

2. Metalliferous, or, more strictly, cupriferous and stanniferous 
slate, including various porphyritic and felspathic rocks (elvans), 
and occasionally greenstone. This I will venture for brevity’s 
sake to.term the ¢nferior slate. 

3. Slate (which I shall venture for the same reason to term 
. Superior), containing no elvans, but abounding much more in 
greenstone, especially in its obscurer varieties, and in dark 
coloured limestcnes. Sparingly metalliferous, containing no tin, 
and more productive of lead than the inferior. Contains occa- 
sionally organic remains. 

4, Stratified rock, exhibiting the general character of a con- 
glomerate or sandstone, alternating with tender slate, and occa- 
sionally associated with coralline or shelly limestone. Contains — 
no metallic veins, and few if any rocks of the greenstone 
species. This rock might, perhaps, be regarded as forming the 
upper portion of No. 3, and both would probably by most geolo- 
gists be termed greywacke. As any attempt at restricting that 
term might produce confusion, I shall venture for the present to 
term this (No. 4) sand slate.* 

* Itis, perhaps, almost needless to remind those who are practised in geological researcli, 
that the division of slates here adopted is purely arbitrary, and, for convenience, as the 
inferior do in fact pass by so imperceptible a gradation into the superior as to render it 
ag to assign any determinate limits to each yariety, however an examination of 
points distant inter se may satisfy us of their characteristic difference. It appears to be 
pretty generally agreed that such a gradation is obseryable in most of our schistose 
ranges, 
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1. Grenite-—The character of this rock is, so far as I am 
acquainted with it, remarkably uniform through the whole extent 
ofits range. That of Waterloo Bridge may serve as a specimen.* 
Near the points of junction with the incumbent slates, it occa- 
sionally becomes small grained, and of a redder hue, resembling 
the granite of veins. Examples may be found at a junction near 
Ala ay at Buckland on the Moor, above Belstone (near 
Okehampton), and near Bovey Tracey at the spot which produced 
the fine specimens of tourmaline and apatite. As noticed by 
Mr. Sedgwick in these cases, there appears to be a diminution, 
sometimes a total loss, of the mica. The predominant variety of 
granite contains also in many places patches of a smaller grain, 
generally of a form more or less spherical. These differ so much 
in their aspect from the general mass, that, by a casual observer, 
they might be taken for imbedded portions of another rock; a 
more accurate inspection will soon show that this is not the 
cise, even in those instances in which (as near St. Just) the 
predominance of dark coloured mica or chlorite in these patches 
gives them much the aspect of akind of gneiss. Other instances 
may be found near the Land’s End, near Moreton Hampstead, 
above Henoch, and on the road leading from Bovey Tracey to 
the depot of tourmalines, Xc. already mentioned.+ 

The disintegration of granite in situ, as exhibited on a large 
scale at the porcelain clay pits in St. Stephen’s, and the open 
mine of Carglaise,{ near St. Austel, has been often noticed. 
Another large tract of the same character willbe found on Dart- 
moor, in the neighbourhood of a hamlet termed (from the nature 
of the soil thus produced) Sandy Park. Other partial instances 
occur, and the granitic tors, the formation of which has beenso 
ably illustrated by Dr. Macculloch, afford abundant proof that 
the action of the causes which produced this phenomenon has 
been at some time or other nearly universal. it has, I believe, 

A 

* See Mr. Sedgwick’s paper (p. 10). It may here be noticed that the constituent 
winerals of granite are seldom found in the west (as in many similar tracts) distinctly 
or separately crystallized. The imbedded crystals of felspar have been noticed by Mr. S, 
and others. I found it crystallized in rhombs in small cavities on St. Michael’s Mount, 
andin small rhombs and in larger crystals of a more complicated form at the tourmaline 
pit near Bovey Tracey. I have also from Cornwall, but without the exact locality, two 
specimens of perfectly crystallized mica, the one a rhomboidal, the other an hexagonal 
tablet. Both are in a small grained reddish granite (possibly an elvan), the aspect of 
which does not resemble that of the specimens brought from Scilly by Mr. Majendie, 
I may add, that on St. Michael’s Mount, I observed in a highly felspathic portion of 
the granite insulated crystals of felspar rendered as tender as the softest clay by some 
process of decomposition which had not affected the imbedding mass. 

+ Mr. Sedgwick mentions the same phenomenon as observable near Castle Trereen 
(the Logging Rock): to his remarks I would refer the student for much fuller inform- 
ation. 

+ It is, perhaps, hardly worth while to state, that the finest porcelain clay which I 
obtained in Cornwall was from a vein in Carglaise. It oceurred in very small quan- 
tities. 

§ Mr. Taylor (Report, p. 1) affords an interesting illustration of one result of this 
process. ‘‘ Ifthe ground, 80 fathoms south-east of Carn-brae, and at Wheal Druid, 
had not been penetrated by the mines, it is very possible that the whole of it extending 
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been noticed, that these disintegrated tracts exhibit frequent 
patches of various dimensions retaining their original compact- 
ness. It would be a point of some geological interest to ascer- 
tain, as accurately as circumstances permit, the extent to which 
this disintegration actually obtains, and to enquire whether the 
tracts in question exhibit any phenomena which might guide our 
speculations as to its probable cause. That that cause is not to 
be sought in the mere superficial action of weather and moisture, 
we may, I think, argue from the great depth to which (as at 
Carglaise) the disintegration is found toextend. Ihave heard it 
suggested, that this state of granitic rocks is to be regarded 
rather as the mode of their original formation than as the result 
of causes acting subsequently. This hypothesis, however, seems 
hardly reconcileable to the appearances presented by Carglaise, 
Some may, perhaps, incline to view the phenomenon as analogous 
to the disintegration which is known to obtain largely in crystal- 
line rocks forming acknowledged dykes,* and to these it may 
appear to countenance the theory which attributes to granite an 
igneous origin. At all events, this species of decomposition 
seems for the most part peculiar to rocks of a crystalline struc- 
ture. In some cases, if my observation be correct, the granite 
is traversed by porphyritic dykes, or elvans, similar to those 
ocewring in the slate. I noticed one (in company with Mr, 
Buckland) in 1812 on the summit of Kitt Hill, near Callington. 
In some cases too the saalbande, or wall of metalliferous veins 
traversing the granite, appears to be of this class. At Bean 
Mine, about one mile east of Roche, the surrounding country is 
granite of the usual aspect; while the walls of the tin lode which 
are of considerable thickness have all the character of an elvan 
dyke, the paste of which is chiefly quartzose with a mixture of 
mica, talcite, felspar much disintegrated, and crystallized shorl, 
the tin occurring in veins with shorl towards the centre of this 
elvan (the veins occasionally send out smail lateral branches at 
various angles), the elvan itself is said to dip three feet in the 
fathom, and in its general character much resembles some of 
those found to the east of St. Agnes. The same inclusion (if I 
may so term it) of a metallic vein by a rock differing from the 
surrounding granite I recollect to have noticed also at New- 
bridge, and in the Gwennap cluster. It would be desirable to 

to a much greater distance from the top of the hill, would have been taken to be granite, 
as the surface has every appearance of a growan soil intermixed with granite stones and 
rocks plentifully scattered about. The same has been observed on the sides of Carn 
Marth and other granite hills bordering on the Killas country.” We were assured that 
at Newbridge they had sunk above the granite country in a mass of granitic rubble with 
occasional blocks of killas intermixed to the depth of nearly 30 yards, and above the 
killas country in a rubble of that rock with a small admixture of killas to about half that 
depth. “ 

* See Mr. Henslow’s Account of Anglesea. (Cambridge Philosophical Transac- 
tions, Part JI.) 
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ascertain how far this is the case in veins which traverse 
ranite. . 
At Kit Hill above-mentioned, at Carglaise, and at some other 

laces, we were assured by miners apparently of competent 
information, that the granite did in some places overlie the 
killas. In these instances, it is possible that granitic dykes may 
have been mistaken for the central mass, or that our informants 
might have been misled by some of those deceptive appearances 
which are familiar to most Roe Mr. Taylor, in his excel- 
lent Survey of the Mining District, mentions an analogous fact, 
and his observation is too important to be omitted. “In Dol- 
coath and five other mines situate near the junction, the strata 
of granite and killas appear alternately overlying each other, the 
divisions between them being at various inclinations ;* but suffi- 
cient information cannot be obtained to state with accuracy the 
particulars.” 

On the subject of granitic veins, my memoranda afford 
nothing which can add to the copious and masterly observations 
of Mr. Sedgwick. I may mention, however, that the country 
near the junctions of Carn-brae, of Kit Hill, of the upper part of 
the river Okement, and of some other spots of the same cha- 
racter,{ will afford the collector hand specimens well calculated 
to illustrate on a small scale many of the phenomena which pre- 
sent themselves so fully and magnificently at the cliffs of Tre- 
wavas and Polmear. 

It may here be noticed, that the mineral substances confined 
to the granite (or rather not yet discovered in the superincum- 
bent rocks also), are few innumber. Apatite, pinite, andalusite, 
and, I believe, uranite, at present complete the list. 

Shorl Rock.—This binary compound, too generally known to 
need any description here, 1s usually found on the confines of the 
granite in such large masses as to render us doubtful what name 
to assign to them. Indeed our geological guides have not as 
yet furnished us with a very definite or accurate terminology for 
the purpose. What one observer would describe as a large dyke 
or patch, another would, perhaps, elevate to the dignity of a 
formation. Roche has been constently noticed as presenting a 
magnificent display of this rock ; and Mr. Sedgwick mentions 
it as occurring in veins traversing the granite between Lemorna 
Cove and the Land’s End (p. 19). I have observed it on the 
large scale forming the whole of the tor named Carn Mewan, 

* Therefore, if there is any parallelism in the stratification of the killas, the granite 
must be considered not as‘an alternation but a vein. At Dolcoath, the floor of granite 
is said to be nearly horizontal ; most of the killas in the neighbourhood is, if I donot 
err, considerably inclined, (See Thomas’s Report, p. 34.) 

+ Mr. Sedgwick appears to have determined this point as far as our present means of 
examination permit. (P. 34.) 

$ We obtained some highly illustrative at Costellow’s Mine, near Roche. 
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near St. Austle, and of another tor (the name of which I have 
lost), overtopping the upper road, which leads to Buckland on 

the Moor. If my memory does not fail me, I observed it on a 
scale equally large in more than one other spot on the Cornish 

Downs, and on Dartmoor; but I either neglected to mark at the 
time, or have since mislaid the exact localities. I would venture 
to recommend to the examination of future tourists two points 
connected with this rock. 

1. Whether some other of the tors on the confines of the gra- 
nitic tracts (besides those specified) do not consist of shorl rock. 
From its external configuration and neighbourhood to the 
granite, it may be easily confounded with that rock until exa- 
mined more closely, 

2. Is it possible from the careful examination of the country 
surrounding Roche Rocks, to ascertain whether that remarkable 
eminence has been produced by the disintegration and washing 
away of some less durable beds which once enveloped it? or 
whether it may be regarded as an original inequality of surface ?* 

Most of the varieties of external appearance produced in this 
rock by the different modes of aggregation, have been enume-~ 
rated by Mr. Sedgwick (p. 18). To his list, I am enabled to 
add, as Nos. 5 and 6, 

5. Alternate layers generally of great tenuity, of very minutely 
granular quartz and shorl, having all the aspect of a stratified 
mass. 

6. Real or pseudo breccia consisting of small patches of 
compact shorl imbedded in quartz, or vice versd of quartz imbed- 
ded in shorl. 

These varieties occur in the neighbourhood of the crystalline 
and more predominant form. No. 5 appears to offer another 
exemplication of a law, which I believe to obtain pretty gene- 
rally, “ that crystalline rocks when they occur in large masses 
are most usually accompanied by schistose rocks composed of 
the same mineral ingredients in a state of greater alternation.” 
To the verification of this law, I would venture to solicit the 
attention of those who join a knowledge of mmeralogy and 
chemistry to that of geology. The establishment of its probabi- 
lity might lead to some important theoretical results. Nor 
should I omit to mention, that the varieties of shorl rock above 
noticed are peculiarly interesting from the examples which they 
afford, even in hand specimens, of the various phenomena of 
configuration incident to rocks of the schistose character. The 
marked distinction of colour and aspect existing between the 
two constituents (tourmaline and quartz) render these very strik- 
ing and intelligible. Eyen the very small collection which I 
possess myself, offers within the scale of a few inches highly 
instructive examples of contortion, dislocation, crossing, and 

* I would suggest a like examination of two singularly insulated masses of rock 
oceupying opposite sides of a ravine near Camelford, known by the name of the Devil’s 
Leap. 
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heaving of veins. Neither this, however, nor my observations, 
are sufficiently extensive to justify the theorizing, with any con- 
fidence, on the subject. As far as I can conjecture, the appear- 
ances offered by my own specimens would be most readil 
accounted for by an hypothesis which should admit, 1. That the 
laminated arrangement of the rock is not in all cases the result 
of successive depositions. 2. That disturbances have taken 
place subsequently to the formation and contortion (if these 
be not synchronous) of the lamine. 3. That at the period of 
these disturbances, the degree of consolidation varied in different 
portions of the mass. I would, however, conclude by strongly 
recommending this rock to the more accurate examination of 
future travellers; and am, dear Sir, very truly yours, 

J.J. CoNYBEARE. 

AnrtTIcLe VI. 

On Hatchetine. By the Rev. J. J. Conybeare, MGS. 

(To the Editor of the Annals of Philosophy.) 

MY DEAR SIR, Bath Easton, Fcb. 10, 1823. 

I waAsTEN to acknowledge that a perusal of Mr. Brande’s 
elementary work on Chemistry (which has only of late fallen 
into my hands), has shown me that I have been anticipated by — 
that gentleman in the examination of the mineral substance 
which I ventured to name /atchetine, and which is enumerated 
by him under the varieties of bitumen, as méneral adipocire. 
Mr. Brande’s work was published, I believe, carly in 182]. My 
own experiments, made the autumn before, were transcribed for 
the Annals in the January of that year. Strictly, therefore, I 
have to apologize to your readers only for the second of my 
communications (the short note appended to the examination of 
mumia), which an earlier perusal of Mr. Brande’s work would 
certainly have caused me to suppress. Allow me to express my 
satisfaction, that the examination of the substance in question 
has fallen into better hands than my own; and that my opinion 
as te its specific difference from every other known variety of 
bitumen is corroborated by so competent an authority. With 

* Mr. Brande’s permission, however, { would still contend for the 
superior propriety of the name hatchetine, both for the reason 
formerly assigned, and from the feeling that it is rather desirable 
to banish from our nomenclature all such szgnificant names as are 
not indicative of some actual property of tlie substance to which 
they are applied. 

Believe me, dear Sir, very truly yours, 
J. J. CONYBEARE. 
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ANNUAL RESULTS. 

Barometer. 
Inches. 

Highest observation, Feb. 27. Wind, NW. ........ 30°700 
Lowest observation, Dec. 5. Var. and tempestuous.. 28°050 
Range of the mercury.......... WANS ish wna a taro Manilla 2°650 
Mean annual barometrical pressure. ......2..00- fisyorny 92/03 
Greatest range of the mercury in December. ........  2°600 
Least range of the mercury in June..... cescvesacee 0:670 
Mean annual range of the mercury. ..,...eeseeeee0- 1°360 
Spaces described by the mercury ........000eeneee » 85°850 
Total number of changes in the year. ....4...ee00 » 195-000 

Siax’s Thermometer. 

Greatest observation, June 5. Wind, variable. ...... 84-000° 
Least observation, Dec. 28. Wind, SE......... been, 2000 
Range of the mercury in the thermometer............ 59:000 
Mean annual temperature. .........+-- n.2.0.acbo 9,2 6 octet vO all 
Greatest range in JUNE. 22... . ee ne cc eee ee eeeeeees 42-000 
Least range in January and December........ oeeeee 20°000 
Mean annual range. ...seceeseeees be veveecevecce' 29°Q00 

Winds. 
Days. 

MOREA, QUG BORG ie ciel .s.0 6,0 soles Xetsnteie ¢.0 s syele.e +h Sj eimeanCn nena 
North-east and. Soutp-cast . .. sicc scnsins cccccicncbet - 76-000 
South and West Toisas oe GAAIMOR, « + ad oe deeb b Calg SURED 
South-west and North-west. ......c.s0cesceeaes cow 1207000 
Viergmrie. 2 Son ci cha oe athe ab Selo se eata we endds + ste «BE eee 

Rain 
Inches. 

Greatest quantity in July. ...... See re, a {e's er GEOOO 
Least quantity in December, .........0..ececesees «1-280 
Total amount: fon, the vyearn.4 for svete, oMen00 

Observations. 

Pressure.—The greatest range of the mercury, which is nearly 
that for the year, took place in December, and notwithstanding 
the amount of rain, the spaces described in inches, and the num- 
ber of changes in the direction of the column, are less. than 
usual; while the mean is higher than for some time past. 
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Temperatures.—The mean temperature for the vear just 

elapsed is 1° higher than that of the preceding one. The months 
of April, May, August, September, and Decetuber, were consi- 
derably warmer in 1821 than the corresponding ones of last year; 
while the three first months, and June and July, are as much tlie 
reverse. The means of October and November in both periods 
are nearly alike. 

Rain.—The amount of rain exceeds that of last year upwards 
of eight inches, and is the wettest we have had since 1816. The 
greatest monthly quantity fell in July, attended on five succes- 
sive days with most tremendous thunder and lightning. 

I am, Sir, your most obedient servant, 

* New Malton, Feb. 5, 1823. J. STOCKTON. 

ArticLe VIII. 

On Hannibal’s Passage through the Alps. 
By Thomas M‘Keeyer, MD. 

(To the Editor of the Annals of Philosophy.) 

SIR, 
HarDLy any passage in the writings of Livy has been more 

frequently the subject of comment than that in which Hannibal 
is stated, during his celebrated and interesting march through 
the Alps, to have effected the removal of a large cliff, which 
impeded the progress of his army, by means of the joint agency 
of fire and vinegar. 

As the particulars of this very remarkable event may have 
escaped the recollection of some of your readers, it may not be 
amiss to mention a few of the leading circumstances. Livy 
informs us that Hannibal having, after 2 series of the most 
frightful difficulties and dangers, reached the summit of the 
Alps, rested there two days, in order to recruit his exhausted 
troops: that he then commenced his descent, but had not pro- 
ceeded far, when he came to a projecting cliff of great height, 
which completely obstructed his further progress. Having in 
vain searched for a more convenient route, he at length deter- 
mined on levelling this formidable barrier, and for this purpose 
ordered a number of large trees to be felled, and placed in a pile 
at its base: they were then set on fire, and in a short time (the 
wind proving favourable), so intense was the action of the heat, 
that the solid rock became as red as the blazing fuel with whch, 
it was surrounded. Hannibal now thought of applying a quan- 
tity of vinegar to its surface, which, it is asserted, had the effect 
of softening its substance, and in this way a passage was spee- 

New Series, vou. v. oO 



194 Dr. M‘Keever on (Marcu, 

dily opened, by which his army with their elephants and baggage 
were enabled to proceed. . 

Some writers have contended that the action of the acid was 
the principal, if not the sole agent in producing the effect here 
described ; others suppose that the solid rock was actually fused, 
by the intense action of the fire on its surface ; while another set 

of commentators, from the difficulties attendant on its explana- 
tion, consider the whole statement as an idle fabrication, for 
which the author had no foundation whatever. As, however, 
the entire process may, I conceive, be explained on plain and 
obvious principles, I can see no necessity for calling in question 
the accuracy of a writer, who “ for probity, candour, and impar- 
tiality, has been so much distinguished above every other histo- 
rian.” The difficulty of procuring in those wild retreats a suffi- 
cient number of trees for making a huge pile such as Livy 
describes, has been advanced as one of the principal objections 
to the statement of this historian. We are to consider, however, 
that although this objection might apply to the very summit of 
the Alps, where vegetation is nearly, if not altogether, sus- 
pended: it is by no means applicable to the sides or skirts of 
those mountains, which all travellers, and among the rest Poly- 
bius, agree in describing, as being in several places clothed with 
large woods. We are also to bear in mind, that the various 
passes through those sequestered regions, run, not across the 
ridges or summits of the mountains, as some have supposed, but 
that they are conducted through many defiles, and were pro- 
bably traced out by paths that have served from time immemorial, 
as means of communication between the fertile valleys that lie 
interspersed up and down the windings of this immense chain.* 
Now as it can be satisfactorily proved, from the testimony of the 
two principal historians who have recorded this memorable 
march, that Hannibal never reached the very summit of those 
dreary solitudes, but that he merely ascended to the top of one 
of the lesser ridges, it is obvious that he could have had no diffi- 
culty in procuring any quantity of fuel that he might have 
required. In proof that Hannibal never attained the summit of 
the Alps, it may be observed that Polybius and Livy, although 
they differ materially as to the route which the Carthaginian 
general took, agree in stating, that, having completed his 
ascent, he conducted his troops, exhausted and broken down 
with the innumerable hardships they had encountered, to a con- 
venient spot, where he pointed out to them the rich and fertile 
pa of Italy as the reward of all their toils and privations;++ but 
had Hannibal ascended to the upper range of the Alps, it is 
altogether impossible he could have indulged his army with such 
a cheering prospect; lesser mountains would have intercepted 
their view ; and instead of smiling luxuriant plains, an immeasur- 

*® See Eustace’s Classical Tour through Italy, vol. i. p. 12. 
+ See Hook’s Roman History, vol, ii, p. 126. 
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able expanse of desolation must have met the eye. Besides, it 
may be asked, is it at all probable that Hannibal, while travers- 
ing an unknown and savage region, where every object, clothed 
with the dread magnificence of heaven, was calculated to 
excite feelings of astonishment and terror,* would attempt to 
deviate from the ordinary passes pointed out to him by expe- 
rienced guides: he must have felt convinced that inevitable 
destruction would be the consequence of such a rash unjustifiable 
proceeding. 

The improbability of Hannibal having at hand a sufficiency of 
vinegar to effect the decomposition of the rock, has also been 
brought forward as an insurmountable objection to Livy’s account 
of this achievement. Although I am fully satisfied that the 
action of the vinegar had no share whatever ia accomplishing 
the destruction of the cliff, still | see no absurdity in supposing 
that a Carthaginian army should have been sapphed with a con- 
siderable quantity of this liquid. Several historians inform us, 
that, from a very early period, vinegar and water constituted 
almost the sole drink of the military during their long and 
fatiguing marches: thus Cesar, on one occasion, while conduct- 
ing his troops through the Alps for the purpose of encountering 
a branch of Pompey’s army, then in Spain, under the command 
of Afranius and Petreius, is described as having supported them 
for several days, principally by means of this simple beverage ; 
and Creyier, in his History of the Roman Emperors, tells us, 
“ that the Emperor Severus had altogether proscribed the use 
of wine, which had for some time crept in among his soldiers, 
and reduced them to vinegar and water, which formed the com- 
mon drink of the military in ancient times.” 

Having thus briefly stated such arguments as have occurred 
to me in support of the credibility of Livy’s statement, I proceed 
to explain in what manner I conceive this important undertaking 
to have been accoraplished. 

~ Water, it is well known, will insinuate itself into the minute 
pores and crevices of the most solid bodies, and )eing expanded 
by variations of temperature, 1s capable either of rending them 
asunder, or of detaching portions from their surface. Expansion, 
as is well known, may take place in this liquid from two opposite 
causes, an increase. or a diminution of temperature ; that very 
remarkable enlargement of volume which water undergoes during 
congelation, is capable of producing very powerful effects, and 
enables us to explain a number of interesting phenomena. The 

* Nullum ver usquam, nullique astatis honores ; 
Sol jugis habitat diris, sedesque tuetur 
Perpetuus deformis hyems ; illa undique nubes 
Huc atras agit et mixtos cam grandine nimbos. 
Jam cuncti flatus, ventique furentia regna 
Alpina posuere domo, caligat in altis 
Obtutus saxis, abeuntque in nubila montes. 

(Sil, Tial. lib, 3.) 
0 2 
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Florentine academicians were enabled to burst a brass globe, the 
cavity of which was an inch in diameter, by means of this expan- 
Sive power, and calculating from the tenacity of brass, and the 
thickness of the sides of the globe, this must have required a 
force exceeding 27,720 pounds.* Vast masses of rock are from 
this cause frequently detached from the cliffs, and precipitated 
with great velocity into the adjoining valleys. The rending of 
trees in northern latitudes during the winter months, the bursting 
of water pipes, the raising of payements, the increased fertility 
of the soil after frost (owing to the facility with which the deli- 
cate fibres of the roots of plants are enabled to extend them- 
selves), may all be referred to the same principle. The expan- 
sion which water undergoes at elevated temperatures is, however, 
still more considerable, and is capable of producing the most 
stonishing effects. When heated to 212° of Fahrenheit, at 

the mean pressure of the atmosphere, it becomes converted into 
steam, an elastic substance, the bulk of which, even at that tem- 
perature, is about 1800 times that of the water from which it 
originated. When heated beyond this point, vapour is expansi- 
ble to a wonderful degree. Count Rumford ascertained by 
incontrovertible experiments, that its elasticity became doubled 
by every addition of temperature, equal to 30° of Fahrenheit’s 
scale. With the heat of 212 + 30 = 242, its elasticity he found 
equal to the pressure of two atmospheres ; at the temperature of 
242 + 30 = 272, it will be equal to four atmospheres, and so 
on.+ When suddenly generated, this powerful agent is capable 
of producing the most violent, and at times the most destructive 
effects. Thus instances { have occurred, where, in consequence 
of a person carelessly spitting into a copper foundry, the entire 
building has been destroyed, and even when the moulds contain 
the slightest moisture, the melted metal is driven back with a 
loud report, and is violently dispersed in every direction. A 
drop of water also by falling into a vessel of boiling linseed oil, 
where it became instantly converted into vapour, has been known 
to produce the most violent explosions. On this principle then, 
hamely, that of sudden expansion, I conceive the whole process 
admits of explanation. The minute, but numerously interspersed 
globules of water, which had for ages been percolating through 
the pores and fissures of the rock, undergoing, by the application 
of a large fire to its base, a sudden enlargement of volume in a 
short time acquired such a degree of expansive energy as to burst 
asunder the strone confines by which they had so long been 
surrounded. Now were Hannibal, while the fire was imparting 

* See Murray’s Chemistry, vol. i. p. 250. 
+ The elastic force of steam does not increase in quite So rapid a progression as Count 

Rumford affirms ; according to the late experiments of Dr. Ure, it is equal only to 53°6 
inches of mercury at 242°, and to about 89 only at 272°.—(See Philosophical Trans- 
actions, 1818, or Annals, vol. xiii, p. 215.)— Edit. 
+ See Black’s Lectures, vol, i. 

—_ 
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this energetic influence to the particles of confined moisture, to 
apply a quantity of vinegar to the surface of the rock, there 
would surely be nothing unnatural in his attributing at least a 
part of the effect to the liquid he employed, particularly when 
we take into account the very low state of chemical knowledge, 
in those early ages, even among men of science. 

A phenomenon of annual occurrence in the Polar Seas, bears, 
I conceive, considerable analogy to the point we have been dis- 
cussing, and appears to me to confirm the explanation 1 have 
ventured tu advance; I allude to the frequent disruptions, or 
icequakes, as they are termed, which take place among the ice- 
bergs, on the return of the summer season. In those remote 
latitudes, as soon as the long and dreary winter has passed away, 
the hot weather sets in with unusual rapidity, in consequence of 
which the numerous globules of air, that had been incased in 
those vast accumulations, soon begin to expand,* and struggling, 
as it were, for liberty, in a short time acquire such irresistible 
force as to occasion the disseveration of the mountain. In this 
way large masses separate, and are precipitated into the ocean 
with a tremendous noise, not unlike that of a distant peal of 
thunder. Volcanic eruptions, explosions in coal mines, and 
several other phenomena, together with the common operation 
of blasting, might likewise be adduced to prove the wonderful 
power possessed by elastic fluids, whether in the form of vapour, 
or of gas, when exposed to high temperature ; but to enlarge 
upon a principle now so well understood, and so extensively 
applied, appears altogether unnecessary, 

ARTICLE IX, 

On the Presence of Oil in the Serum of the Blood. 
By Thomas Stewart Traill, MD. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Liverpool, Royal Institution, Jan. 10, 1823. 

Uprwarps of two years ago, I detected the presence of a 
considerable proportion of oil in the serum of the blood of a man 
labouring under internal inflammation ; and a second attack of 
decided hepatitis in the same individual afforded me another 
opportunity of verifying the observation in the spring of 1821. 
These facts were communicated to the public in the 17th volume 
of the Edinburgh Medical and Surgical Journal. In both 
instances, the singularly wAzte colour of the serum induced the 

* See Leslie on Heat and Moisture, 
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chemical examination ; and a similar appearance having recently 
occurred in a case under the care of my friend Dr. M‘Cartney, 
of this place, he sent to me a portion of the serum, which yielded 
on analysis a still larger proportion of oil than had been obtained 
in the former instances. Dr. M‘Cartney’s patient is a stout 
young man, who was attacked by acute hepatitis. 

Examinaiion of the Serum. 

This serum separated spontaneously from the crassamentum ; 
but in appearance, it strikingly resembled that described in the 
journal above-mentioned. Its colour is a fine yellowish-white ; 
its consistence (in this cold weather) is that of very thick, rich, 
cream; but it becomes more fluid by a gentle heat. It did not 
make any deposit, on being left at rest for several weeks. 
Indeed serum of this sort seems little disposed to spontaneous 
change ; for some which has been two years in my possession 
still retains its colour ; and though it has a putrid smell, it exhi- 
bits visible signs of decomposition only by a very slight separa- 
tion of nearly colourless water, from a coagulum resembling new 
cheese. 
The specific gravity of the serum now under consideration 
= 1-0187, which nearly agrees with that last examined, though 
it be somewhat less than that of the first. 

One hundred graius of the serum were slowly evaporated by a 
moderate temperature. The residue, when the watery part was 
wholly dissipated, = 21:1 grs. A yellowish transparent oil was 
observed to flow beneath the solid residue, when the glass cap- 
sule was heated; but it became solid, and of a greyish-white 
colour, at the ordinary temperature of my apartment. The oil 
was taken up, while fluid, by bibulous paper, which had been 
previously weighed with due attention to ensure uniformity in 
the state of its hygrometric moisture. A portion of the paper 
was deeply stained with the oil, and fresh portions were employed 
until the broken coagulum no longer soiled the paper. The 
weight gained by the paper = 4°5 grains. 

The albumen was soaked for six hours in distilled water, and 
well washed on a filter. he dried albmaen = 15:7 grains. 
The washings were evaporated, and saline matter, consisting 
chiefly of muriates and lactates, were obtained, amounting to 
0:9 gr. of which 0:7 appeared to be of the former. 

From these results, we may state the constituents ef this 
remarkable fluid to be : 

UA) pil cde aha a Se Me chs ear TO 
Ab ahsem ita ars ens nai eaiee idee ny 
OU eee eee eres stances apa Me 
LEBER eee euerema © haere’ 5 tose ate One 

100-0 
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The peculiarities of this serum consist in its containing oil, 
which exists in the form of an emulsion, and in this case amounts 
to 41 per cent.; m its having about double the usual quantity of 
albumen assigned to the serum of blood by the experiments .of 
Berzelius and others ; and in its diminished proportion of saline 
ingredients. It is worthy of remark, that these peculiarities in 
the three cases were connected with inflammatory disease; and 
in the two last were accompanied by decided inflammation of 
the liver. I have had an opportunity of examining the blood of 
one of the patients when he was in health, and found nothing 
peculiar in it. I may also state, that I examined some time ago 
a serum which resembled, in colour and consistence, thin water- 
gruel; but in this I could detect no oil; and it seemed to owe 
its peculiarities to an excess of albumen. 

I am, respectfully yours, 
Tuomas STewarvT TRAILL. 

ARTICLE X. 

On the Alloys of Steel. By J. Stodart, Esq. FRS. and Mr. 
M. Faraday, Chemical Assistant in the Royal Institution.* 

Tue alloys of steel made on a small scale in the laboratory of 
the Royal Institution proving to be good, and the experiments 
having excited a very considerable degree of interest both at 
home and abroad, gave encouragement to attempt the work ona 
more extended scale, and we have now the pleasure of stating, 
that alloys similar to those made in the Royal Institution, have 
been made for the purpose of manufacture ; and that they prove 
to be, in point of excellence, in every respect equal, if not supe- 
rior, to the smaller productions of the laboratory. Previous, 
however, to extending the work, the former experiments were 
carefully repeated, and to the results were added some new 
combinations, namely, steel with palladium, steel with iridium 
and osmium, and latterly, steel with chromium. In this last 
series of experiments, we were particularly fortunate, having, by 
practice, acquired considerable address in the management of 
the furnaces, and succeeded in procuring the best fuel for the 
purpose. Notwithstanding the many advantages met with in 
the laboratory of the Royal Institution, the experiments were 
frequently rendered tedious from causes often unexpected, and 
sometimes diflicult to overcome; among these, the failure of 
crucibles was, perhaps, the most perplexing. We have never 

* From the Philosophical Transac‘ions for 1822, Part II. 
” 



200 Messrs. Stodart and Faraday on (Marcu, 

yet found a crucible capable of bearing the high degree of tem- 
erature required to produce the perfect reduction of titanium ; 

indeed we are rather disposed to question whether this metal 
has ever been so reduced: our furnaces are equal* (if any are) to 
produce this effect, but hitherto we have failed in procuring a 
crucible. . 

The metals that form the most valuable alloys with steel are 
silver, platina, rhodium, iridium, and osmium, and palladium ; 

all of these have now been made in the large way, except indeed 
the last named. Palladium has, for very obvious reasons, been 
used but sparingly ; four pounds of steel with 1-100th part of 
palladium, has, however, been fused at once, and the compound 

is truly valuable, more especially for making instruments that 
require perfect smoothness of edge. 
We are happy to acknowledge the obligations due from us to 

Dr. Wollaston, whose assistance we experienced in every stage 
of our progress, and by whom we were furnished with all the 
scarce and valuable metals; and that with a liberality which 

enabled us to transfer our operations from the laboratory of the 
chemist, to the furnace of the maker of cast steel. 

In making the alloys on a large scale, we were under the 
necessity of removing our operations from London to a steel 
furnace at Sheffield; and being prevented by other avocations 
from giving personal attendance, the superintendence of the 
work was consequently intrusted to an intelligent and confiden- 
tial agent. To him the steel, together with the alloying metals 

in the exact proportion, and in the most favourable state for the 
purpose, was forwarded, with instructions to see the whole of 
the metals, and nothing else, packed into the crucible, and 
placed in the furnace, to attend to it while there, and to suffer it 
to remain for some considerable time in a state of thin fusion, 

previous to its being poured out into the mould. The cast ingot 
was next, under the same superintendence, taken to the tilting 

mill, where it was forged into bars of a convenient size, at a 

temperature not higher than just to render the metal sufliciently 
malleable under the tilt hammer. When returned to us, it was 

subjected to examination both mechanical and chemical, as well 

as compared with the similar products of the laboratory. From 
the external appearance, as well as from the texture of the part 

when broken by the blow of the hammer, we were able to forma 

tolerably correct judgment as to its general merits; the hardness, _ 

toughness, and other properties, were further proved by severe 
trials, after being fashioned into some instrument, or tool, and 
properly hardened and tempered. 

It would prove tedious to enter into a detail of experiments 

made in the Royal Institution; a brief notice of them will at 

present be sufficient. After making imitations of various speci- 

* We have succeeded in fusing in these furnaces rhodium, and also, though imper- 

fectly, platina in crucibles. 
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mens of meteoric iron by fusing together pure iron and nickel, in 
proportions of 3 to 10 per cent. we attempted making an alloy of 
steel with silver, but failed, owing to a superabundance of the 
latter metal ; it was found, after very many trials, that only the 
1-500th part of silver would combine with steel, and when more 
was used, a part of the silver was found in the form of metallic 
dew lining the top and sides of the crucible; the fused button 
itself was a mere mechanical mixture of the two metals, globules 
of silver being pressed out of the mass by contraction in cooling, 
and more of these globules being forced out by the hammer in 
forging ; and further, when the forged piece was examined, by 
dissecting it with diluted sulphuric acid, threads or fibres of 
silver were seen mixed with the steel, having something of the 
appearance of steel and platina when united by welding; but 
when the proportion of silver was only 1-500th part, neither dew, 
globules, nor fibres, appeared, the metals being in a state of 
perfect chemical combination, and the silver could only be 
detected by a delicate chemical test. 

With platina and rhodium, steel combines in every proportion ; 
and this appears also to be the case with iridium and osmium : 
from | to 80 per cent. of platina was perfectly combined with 
steel, in buttons of from 500 to 2000 grains. With rhodium, 
from 1 to 50 per cent. was successfully used. Equal parts by 
weight of steel and rhodium gave a button, which, when polished, 
exhibited a surface of the most exquisite beauty: the colour of 
this specimen is the finest imaginable for a metallic mirror, nor 
does it tarnish by long exposure to the atmosphere: the specific 
gravity of this beautiful compound is 9176. The same propor- 
tion of steel and platina gave a good button, but a surface highly 
crystalline renders it altogether unfit fora mirror. In the labo- 
ratory, we ascertained that, with the exception of silver, the best 
proportion of the alloying metal, when the object in view was 
the improvement of edge tools, was about 1-100th part, and in 
this proportion they have been used in the large way. It may 
be right to notice, that in fusing the metals in the laboratory no 
flux whatever was used, nor did the use of any ever appear to be 
required. 

Silver being comparatively of little value with some of the alloy- 
ing metals, we were disposed to make trial with it as the first expe- 
rimentinthe large way: 8 Ibs. of very good Indian steel was sent to 
our agent, and with it 1-500th part of pure silver : a part of this was 
lost owing to a defect in the mould; a sufficient quantity was, 
however, saved, to satisfy us as to the success of the experiment. 
This, when returned, had the most favourable appearance both 
as to surface and fracture ; it was harder than the best cast steel, 
or eyen than the Indian wootz, with no disposition whatever to 
erack, either under the hammer, or in hardening. Some articles 
for various uses have been made from this alloy ; they prove to 
be of a very superior quality ; its application will probably be 



202 Messrs. Stodart and Faraday on [Marcn, 

extended not only to the manufacture of cutlery, but also to 
various descriptions of tools; the trifling addition of price can- 
not operate against its very general introduction. ‘The silver 
alloy may be advantageously used for almost every purpose for 

which good steel is required. 
Our next experiment made in the large way was with steel and 

platina : 10 Ibs. of the same steel, with 1-100th part of platina, 
the latter in the state produced by heating the ammonia muriate 
in a crucible to redness, was forwarded to our agent, with 
instructions to treat this in the same way as the last named 
metals. The whole of this was returned in bars remarkable for 
smoothness of surface and beauty of fracture. Our own obser- 
vation, as well as that of the workmen employed to make from 
it various articles of cutlery, was, that this alloy, though not so 
hard as the former, had considerably more toughness : this pro- 
perty will render it valuable for every purpose where tenacity, as 
well as hardness, is required ; neither will the expense of platina 
exclude it from a pretty general application in the arts; its 
excellence will much more than repay the extra cost. 

The alloys of steel with rhodium have also been made in the 
large way, and are, perhaps, the most valuable of all ; but these, 
however desirable, can never, owing to the scarcity of the 
metal, be brought into very general use. The compound of 
steel, iridium, and osmium, made in the large way, is also of 
great value; but the same cause, namely, the scarcity and diffi- 
culty of procuring the metals, will operate against its very general 
introduction. A sufficient quantity of these metals may, perhaps, 
be obtained to combine with steel for the purpose of making 
some delicate instruments, and also as an article of luxury, when 
manufactured into razors. In the mean time, we have been 
enabled, repeatedly, to make all these alloys (that with palladium 
excepted), in masses of from 8 to 20 lbs. each; with such libe- 
tality were we furnished with the metals from the source already 
named. 

A point of great importance in experiments of this kind was 
to ascertain whether the products obtained were exactly such as 
we wished to produce. For this purpose, a part of each product 
was analysed, and in some cases the quantity ascertained ; but 
it was not considered necessary in every case to verify the quan- 
tity by analysis, because, in all the experiments made in the 
laboratory, the button produced after fusion was weighed, and 
if it fell short of the weight of both metals put into the crucible, 
it was rejected as imperfect, and put aside. When the button 
gave the weight, and on analysis gave proofs of containing the 
metal put in to form the alloy, and also on being forged into a 
bar and acted on by acids, presented an uniform surface, we 
considered the evidence of its composition as sufficiently satis- 
factory. The processes of analysis, though simple, we shall 
briefly state; the information may be desirable to others who 
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may be engaged on similar experiments ; and further, may enable 
every one to detect any attempt at imposition. It would be very 
desirable at present to possess a test as simple, by which we 
could distinguish the wootz, or steel of India, from that of 
Europe; but this, unfortunately, requires a much more difficult 
process of analysis. 

To ascertain if platina is in combination with steel, a small 
portion of the metal, or some filings taken frora the bar, is to be 
put into dilute sulphuric acid ; there will be rapid action ; the 
iron ‘will be dissolved, and a black sediment left, which wilt 
contain carbon, hydrogen, iron, and platina; the carbon and 
hydrogen are to be burnt off, the small portion of iron separated 
by muriatic acid, and the residuum dissolved in a drop or two of 
nitro-muriatic acid. Ifa piece of glass be moistened with this 
solution, and then heated by a spirit-lamp and the blowpipe, 
the platina is reduced, and forms a metallic coating on the 
lass. 

: In analysing the alloy of steel and silver, it is to be acted on 
by dilute sulphuric acid, and the powder boiled in the acid; 
the silver will remain in such a minute state of division, that it 
will require some time to deposit. The powder is then to be 
boiled im a small portion of strong muriatic acid ;* this will 
dissolve the iron and silver, and the latter will fall down as a 
chloride of silver on dilution with water ; or the powder may be 
dissolved in pure nitric acid, and tested by muriatic acid and 
ammonia. 

The alloy of steel and palladium, acted on by dilute sulphuric 
acid, and boiled in that acid, left a powder which, when the 
charcoal was burnt from it, and the iron partly separated by 
cold muriatic acid, gave on solution in hot muriatic acid, or im 
nitro-muriatic acid, a muriate of palladium; the solution, when 
precipitated by prussiate of mercury, gave prussiate of palla- 
dium; and a glass plate moistened with it and heated to redness, 
became coated with metallic palladium. 

- The residuum of the rhodium alloy obtained by boiling im 
diluted sulphuric acid, had the combustible matter burnt off, and. 
the powder digested in hot muriatic acid : this removed the iron; 
and by long digestion in nitro-muriatic acid, a muriate of rho- 
dium was formed, distinguishable by its colour, and by the 
triple salt it formed with muriate of soda. i 

To analyze the compound of stee! with iridium and osmium, 
the alloy should be acted on by dilute sulphuric acid, and the 
residuum boiled in the acid ; the powder left is to be collected 
and heated with caustic soda in a silver crucible to dull redness 
for a quarter of an hour, the whole to be mixed with water, and 
having had excess of sulphuric acid added, it is to be distilled, 

* Although it is a generally reccived opinion, that muriatic acid does not act on 
silver, yet that is not the case; pure muriatic acid dissolves a small portion of silyer 
very readily. 
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and that which passes over condensed in a flask : it will be a 
solution of oxide of osmium, will have the peculiar smell belong-. 
ing to that substance, and will give a blue pranipitats with tinc- 
ture of galls. The portion in the retort bemg then poured out, 
the insoluble part is to be washed in repeated portions of water, 
and then being first slightly acted on by muriatic acid to remove 
the iron, is to be treated with nitro-muriatic acid, which will 
give a muriate of iridium. 

In these analyses, an experinced eye will frequently perceive, 
on the first action of the acid, the presence of the alloying metal, 
When this is platina, gold, or silver, a film of the metal is 
quickly formed on the surface of the acid, renee 

Of alloys of platina, palladium, rhodium, and iridium and 
osmium, a ready test is offered when the point is not to ascer- 
tain what the metal is, but merely whether it be present or not. 
For this purpose we have only to compare the action of the same 
acid on the alloy and on a piéce of steel; the increased action 
on the alloy immediately indicates the presence of the metal ; 
and by the difference of action, which on experience is found to 
be produced with the different metals, a judgment may be formed 
even of the particular one present. 

The order in which the different alloys stand with regard to 
this action is as follows: steel, cromium alloy, silver alloy, gold 
alloy, nickel alloy, rhodium alloy, iridium and osmium alloy, 
palladium alloy, platina alloy. With similar acid, the action on 
the pure steel was scarcely perceptible: the silver alloy gave 
very little gas, nor was the gold much acted on. All the others 
gave gas copiously, but the platina alloy in most abundance, 

In connection with the analysis of these alloys, there are some 
very interesting facts to be observed during the action of acids 
on them, and, perhaps, none of these are more striking than 
those last referred to, When the alloys are immersed in diluted 
acid, the peculiar properties which some of them exhibit, not 
only mark and distinguish them from common steel, and from 
each other, but also give rise to some considerations on the 
state of particles of matter of different kinds when in intimate 
mixture or in combination, which may lead to clearer and more 
perfect ideas on this subject. 

If two pieces, one of steel, and one steel alloyed with platina, 
be immersed in weak sulphuric acid, the alloy will be imme- 
diately acted on with great rapidity and the evolution of much 
gas, and will shortly be dissolved, while the steel will be 
scarcely at all affected. In this case, it is hardly possible to 
compare the strength of the two actions. If the gas be collected 
from the alloy and from the steel for equal intervals of time, the 
first portions will surpass the second some hundreds of times. 

A very small quantity of platina alloyed with steel confers this 
property on it: =! increased the action considerably; with #00 

gue and +4, it was powerful; with 10 per cent of platina it 
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acted, but not with much power; with 50 per cent. the action 

was not more than with steel alone ; and an alloy of 90 platina 

with 20 steel was not affected by the acid. 

The action of other acids on these alloys is similar to that of 

sulphuric acid, and is such as would be anticipated: dilute 

muriatic acid, phosphoric acid, and even oxalic acid, acted on 

the platina alloy with the liberation of more gas than from zine ; 

and tartaric acid and acetic acid rapidly dissolved it. In this 

way chalybeate solutions, containing small portions of protoxide 

of iron, may be readily obtained. 

The cause of the increased action of acids on this and similar 

alloys, is, as the President of this Society suggested to us, proba- 

bly electrical. It may be considered as occasioned by the 

alloying metal existing in such a state in the mass, that its par- 

ticles form voltaic combinations with the particles of steel, either 

directly, or by producing a definite alloy, which is diffused 

through the rest of the steel; in which case the whole mass 

would be a series of such voltaic combinations ; or it may be 

occasioned by the liberation, on the first action of the acid, of 

particles which, if not pure platina, contain, as has been shown, 

a very large proportion of that metal, and which, being in close 

contact with the rest of the mass, form voltaic combinations 

with it in a very active state ; or, in the third 
place, it may result 

from the iron being mechanically divided by the platina, so that 

its particles are more readily attacked by the acid, analogous to 

the case of protosulphuret of iron. 

Although we have not been able to prove by such experiments, 

as may be considered strictly decisive, to which of these causes 

the action is owing, or how much is due to any of them, yet we 

do not hesitate to consider the second as almost entirely, if not 

quite, the one that is active. The reasons which induce us to 

suppose this to be the true cause of the action, rather than any 

peculiar and previous arrangement of the particles of steel and 

platina, or than the state of division of the steel, are, that the 

two metals combine in every proportion we have tried, and do 

not, in any case, exhibit évidences of a separation between 

them, like those, for instance, which steel and silver exhibit ; 

that when, instead of an acid, weaker agents are used, the alloy 

does not seem to act with them as if it was a series of infinitely 

minute voltaic combinations of steel and platina, but exactly as 

steel alone would do; that the mass does not render platina wire 

more negative than steel, as it probably in the third case would 

do; that it dues not rust more rapidly in a damp atmosphere ; 

and that when placed in saline solutions, as muriate of soda, &c. 

there is no action takes place between them. In such cases it 

acts just like steel; and no agent that we have as yet tried, has 

produced voltaic action that was not first able to set a portion of 

the platina free by dissolving out the iron. 

Other interesting phenomena exhibited by the action of acid 
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on these steels, are the differences produced when they are hard 
and when soft, Mr. Daniel, in his interesting paper on the 
mechanical structure of iron, published in the Journal of Science, 
has remarked, that pieces of hard and soft steel being placed in 
muriatic acid, the first required five fold the time of the latter to 
saturate the acid; and that when its surface was examined, it 
was covered with small cavities like worm-eaten wood, and was 
compact and not at all striated, and that the Jatter presented a 
fibrous and wavy texture. . 

The properties of the platina alloy have enabled us to observe 
other differences between hard and soft steel equally striking. 
When two portions of the platina alloy, one hard and one oti, 
are put into the same diluted sulphuric acid, and suffered to 
remain for a few hours, then taken out and examined, the hard 
piece presents a covering of a metallic black carbonaceous pow- 
der, and the surface is generally slightly fibrous, but the soft 
piece, on examination, is found to be covered with a thick coat 
of grey metallic plumbaginous matter, soft to the touch, and 
which may be cut with a knife, and its quantity seven or eight 
times that of the powder on the hard piece: it does not appear 
as if it contained any free charcoal, but considerably resembles 
the plumbaginous powder Mr. Daniel describes as obtained by 
the action of acid on cast iron. 

The same difference is observed if pure steel be used, but it 
is not so striking ; because, being much less rapidly attacked by 
the acid, it has to remain longer in it, and the powder produced 
is still further acted on. 

The powder procured from the soft. steel or alloy in these 
experiments, when it has not remained long in the acid, exactly 
resembles finely divided plumbago, and appears to be a carburet 
of iron, and probably of the alloying metal also. It is not acted 
on by water, but in the air the iron oxidates and discolours the 
substance. When it remains long in the acid, or is boiled in it, 
it is reduced to the same state as the powder trom the hard steel 
or alloy. 
When any of these residua are boiled in diluted sulphuric 

or muriatic acid, protoxide of iron is dissolved, and a black 
powder remains unalterable by the farther action cf the acid ; it 
is apparently in greater quantity from the alloys than from pure 
steel, and when washed, dried, and heated to 300° or 400° in the 
ur, burns like pyrophorus, with much fume; orif lighted, burns 
hike bitumen, and with a bright flame ; the residuum is protoxide 
of iron, and the alloying metal. Hence, during the action of 
the acid on the steel, a portion of hydrogen enters into combina- 
tion with part of the metal and the charcoal, and forms an inflam- 
mabie compound not acted upon by the acid. 

Some striking effects are produced by the action of nitric acid 
on these powders. If that from pure steel be taken, it is 
entirely dissolved ; and such is also the case if the powder be 
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taken from an alloy, the metal of which is soluble in nitric 
acid; but if the powder is from an alloy, the metal of which 
is not soluble in nitric acid, then a black residuum is left 
not touched by the acid ; and which, when washed and carefully 
dried, is found, when heated, to be deflagrating; and with 
some of the metals, when carefully prepared, strongly ex- 
plosive. 

The fulminating preparation obtained from the platina alloy, 
when dissolved in nitromuriatic acid, gave a solution containing 
much platina, and very little iron. When a little of it was wrap- 
ped in foil and heated, it exploded with much force, tearing open 
the foil, and evolving a faint light. When dropped on the sur- 
face of heated mercury, it exploded readily at 400° of Fahren- 
heit, but with difficulty at 370°. When its temperature was 
raised slowly, it did not explode, but was decomposed quietly. 
When detonated in the bottom of a hot glass tube, much water 
and fume were given off, and the residuum collected was metal- 
lic platina with a very little iron and charcoal. We are uncer- 
tain how far this preparation resembles the fulminating platina of 
Mr. Edmund Davy. 

In these alloys of steel the differences of specific gravity are 
not great, and may probably be in part referred to the denser 
state of the metals from more or less hammering; at the same 
time it may be observed, that they are nearly in the order of the 
specific gravities of the respective alloying metals. 

The alloys of steel with gold, tin, copper, and chromium, we 
have not attempted in the large way. In the laboratory, steel 
and gold were combined in various proportions; none of the 
results were so promising as the alloys already named, nor did 
either tin or copper, as far as we could judge, at all improve 
steel. With titanium we failed, owing to the imperfection of 
crucibles. In one instance, in which the fused button gave a 
fine damask surface, we were disposed to attribute the appear- 
ance to the presence of titanium; but in this we were mistaken; 
the fact was, we had unintentionally made wootz. The button, 
by analysis, gave a little silex and alumine, but not an atom of 
titanium ; menachanite, in a particular state of preparation, was 
used: this might possibly contain the earths or their basis, or 
they may have formed a part of the crucible. 

M. Berthier, who first made the alloy of steel and chromium,* 
speaks very favourably of it. We have made only two experi- 
ments: 1600 grains of steel, with 16 of pure chrome, were 
packed into one of the best crucibles, and placed in an excellent 
blast furnace: the metals were fused, and kept in that state for 
some time. The fused button proved good and forged well: 
although hard, it showed no disposition to crack. The surface 
being brightened, and slightly acted on by dilute sulphuric acid, 

* Annales de Chimie, xvii. 55. 
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exhibited a crystalline appearance ; the crystals, being elongated 
by forging, and the surface again polished, gave, by dilute acid, 
a very beautiful damask. Again, 1600 grains of steel with 48 
of pure chrome were fused: this gave a button considerably 
hardet than the former. This too was as malleable as pure iron, 

and also gave a very fine damask. Here.a phenomenon rather 
curious was observed: the damask was removed by polishing, 

and restored by heat without the use of any acid. The damasked 
surface, now coloured by oxidation, had a very novel appearance: 
the beauty was heightened by heating the metal in a way to | 

exhibit all the colours caused by oxidation, from pale-straw to 
blue, or from about 430° to 600° of Fahr. The blade of a sabre, 

or some such instrument, made from this alloy, and treated in 

this way, would assuredly be beautiful, whatever its other pro- 
perties might be; for of the value of the chrome alloy for edge 
tools we are not prepared to speak, not having made trial of its 
cutting powers. The sabre blade, thus coloured, would amount 
to a proof of its being well tempered; the blue back would indi- 
cate the temper of a watch spring; while the straw colour 
towards the edge would announce the requisite degree of hard- 
ness. It is confessed, that the operation of tempering any 
blade of considerable length in this way, would be attended with 
some difficulty. 

In the account now given of the different alloys, only one 
iriple compound is noticed; namely, steel, iridium, and osmium; 
but this part of the subject certamly merits further investiga- 
tion, offering a wide and interesting field of research. Some 
attempts to form other combinations of this description proved 
encouraging, but we were prevented, at the time, by various 
other avocations, from bestowing on them that attention and 
labour they seemed so well to deserve.* 

It is a curious fact, that when pure iron is substituted for 
steel, the alloys so formed are much less subject to oxidation. 
Three per cent. of iridium and osmium fused with some pure 
iron, gave a button, which, when forged and polished, was 
exposed, with many other pieces of iron, steel, and alloys, to a 
moist atmosphere: it was the last of all showing any rust. The 
colour of this compound was distinctly blue ; it had the property 
of becoming harder when heated to redness and quenched in a~ 

cold fluid. On observing this steel-like character, we suspected 

the presence of carbon; none, however, was found, although 
carefully looked for. It is not improbable that there may be 
other bodies, besides charcoal, capable of giving to iron the 
properties of steel; and though we cannot agree with M. Bous- 
singault,} when he would replace carbon in steel by silica or its 

* It is our intention to continue these experiments at every opportunity, but they are 
laborious, and require much time and patience. 

+ Annales de Chimie, xvi. 1. 
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base, we think his experiments very interesting on this point, 
which is worthy further examination. 

We are not informed as to what extent these alloys, or any of 
them, have been made at home, or to what uses they have been 
applied ; their more general introduction in the manufacture of 
cutlery would assuredly add to the value, and consequently to 
the extension of that branch of trade. ‘There are various other 
important uses to which the alloys of steel may advantageously 
be applied. If our information be correct, the alloy of silver, as 
well as that of platina, has been, to some considerable extent, in 
use at His Majesty’s Mint. We do know, that several of the 
alloys have been diligently and successfully made on the Conti- 
nent ; very good specimens of some of them having been handed. 
to us ; and we are proud of these testimonies of the utility of 
our endeavours. . 

To succeed in making and extending the application of these 
new compounds, a considerable degree of faithful and diligent 
attention will be required on the part of the operators. The 
purity of the metals intended to form the compound is essential; 
the perfect and complete fusion of both, must in every case, be 
ascertained : it is further requisite, that the metals be kept for 
some considerable time in the state of thin fusion ; after casting, 
the forging is with equal care to be attended to; the metal must 
on no account be overheated ; and this is more particularly to 
be attended to when the alloying metal is fusible at a low tem- 
perature, as silver. The same care is to be observed in harden- 
ing: the article is to be brought to a cherry-red colour, and then 
instantly quenched in the cold fluid. 

In temperimg, which is best performed in a metallic bath pro- 
perly constructed, the bath will require to be heated for the 
respective alloys, from about 70° to 100° of Fahrenheit above 
the point of temperature required for the best cast steel. We 
would further recommend, that this act of tempering be performed 
twice ; that is, at the usual time before grinding, and again just 
before the last polish is given to the blade. This second tem- 
pering may, perhaps, appear superfluous; but upon trial its 
utility will be readily admitted. We were led to adopt the prac- 
tice by analogy, when considering the process of making and 
tempering watch springs. 

New Series, vou. v. ai 
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(Continued from p. 149.) 

GREAT SALIFEROUS SERIES, 

Including, a. The rothetodteliegende. 
b. The alpine or magnesian limestone. 
c, The variegated or new red sandstone. 

In comparing the series of deposits which immediately sueceed 
the great carboniferous order as presented in England, and in 
some parts of the Continent, we shall, perhaps, perceive rather a 
parallelism than identity of formations in the representatives of 
rothetodteliegende and the alpine limestone; but in the varie- 
gated sandstone an unequivocal identity is manifested. 

a. Rothetodteliegende.—Conglomerates, including rolled frag- 
ments of the neighbouring rocks, characterise this formation: 
the cement is sometimes argillaceous, sometimes quartzose ; by 
the diminution in size of the fragments, the rock often passes 
into a sandstone more or less granular. Beds of red micaceous 
shale alternate in the formation; it contains subordinately in 
some places carboniferous beds (distinct, however, according to 
Freisleben, from those of the true coal formation). Trap rocks 
(amygdaloid and porphyry) are often associated with these 
deposits, usually, as it should appear, in their lowest members 
where they rest on the true coal series. Beds of limestone 
also occur, though sparingly. The upper members where they 
support the alpine limestone, pass into a calcareous conglome- 
rate called in the Hartz and neighbouring districts, the Weisslie- 
gende. This is by some authors considered as a distinct form- 
ation; by others (with whom I am inclined to agree), it is 
included as the last deposit of the rotheliegende. 

Ores of iron, cobalt, and copper occasionally occur. 
The petrifactions of this rock appear to belong chiefly, if not 

exclusively, to the vegetable kingdom. 
All circumstances indicate a near connection, but not an iden- 

tity, of formation between the rothetodte and the great carboni- 
ferous series.* It seems rather to hold an intermediate place 

* J have to add to the authorities I have previously adduced in confutation of the 
arrangement which would identify the rothetodte and the old red sandstone of Britain, 
that of Dr. Boué, particularly important, because he has minutely examined the 
old red sandstone of Scotland, which, it has* been conterided (and principally on 
the ground of his description), presented the closest analogies to the rothetodte, and 
is equally acquainted with all the foreign localities of the latter rock, from recent jour- 
nies. JI have now a series of letters of the highest interest from this author to Prof. 
Daubeny before me, in which he states, that ‘* he agrees with Prof. Buckland in dis- 
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between this and the following deposits, and to introduce, as it 

were, the latter. 
b. The Alpine Limestone; Zechstem, or Magnesian Limestone. 

(Werner’s first Floetx Limestone.)—This formation is very 

variable in different places, and may be said generally to present 

in distant districts a parallelism rather than identity of deposits. 

The prevailing rock im the continental deposits (zechstein) is a 

erey compact, and generally argillaceous limestone ; sometimes 

slightly granular, and having a small degree of lustre from the 

facettes of the calcareous crystals imbedded : its colour is grey 

or bluish, sometimes acquiring a reddish tinge; it contains sub- 

ordinate beds of magnesian limestone, of ferriferous limestone, of 

cellular and crystalline limestone (rauchwacke), of fetid limestone, 

and of bituminous and cupriferous marl slate. Copper, galena, 

calamine, and mercury, are among the metallic products of this 

formation ; and the association of rock salt and gypsum attest 

its connexion with the superimposed sandstones which also 

abound in these minerals. 
Organic remains are scarce in this formation, speaking gene- 

rally, but yet in particular spots and beds occur even abundantly : 

the following species are enumerated by Sclottheim; but I am 

not at present able to identify all the names employed with the 

synonymes in English writers. 

Gryphites aculeatus, 
G. gigas, 
G, arcuatus, 
Pecten textorius, 
Pecten salinarius, 
Mytilus rostratus, 
Terebratula alata, 
Terebratula lacunosa, 

tinguishing the rothetodte from the old red sandstone.” I hope hereafter to communi- 

cate from these letters a sketch of the recent discoveries of this active and persevering 

geologist ; and here then for the present, at least, I shall close this controversy. I had 

originally intended to have given more minute extracts from the original works referred 

to; but unless the accuracy of the general statements aboye given shall be questioned, it 

will, perhaps, be superfluous to do so ; if they should be controverted, I am then pre~ 

pared to support them. En resume against the proposed identification of the rothe- 

todteliegende and our oldest sandstone. I have the express testimony of Buckland, 

Humboldt, Boué, Daubuisson, and Beudant, and (as I contend) the implied evidence of 

every other writer on the subject, excepting, perhaps, of Prof, Jamieson. Whether it 

be more jroperly referable to the upper part of the carboniferous, or the lower part of 

the saliferous series, is a distinct question, on which much division of opinion exists, and 

which is after all not very material. I have endeavoured to compromise matters by 

treating it as an intermediate link between them. 

Ihave thus endeavoured to support, as I may, the opiniors which to me appear most 

probable against an adversary from whom, however, I can never dissent without hesita- 

tion. Mr. Weaver’s memoir on the South-east of Ireland will long remain as one of 

the most perfect models of geological description, and must excite our regret that we 

have not been favoured with more original communications from the same pen; while 

his extracts from the writings of continental geologists, published in the Annals, equally 

attest his power of generalising, and presenting under their most luminous point of view, 

the observations of others. 
P2 



212 Rev. W. D. Conybeare on a Geological Map of [Mancu, 
Terebratula trigonella, 
Ammonites ammonius, 
Ammonites amaltheus, 
Ammonites hircinus, 
Nautilus coactus, 
Orthoceratite, 
Joints of encrinites and pentacrinites, 
A species of trilobite. 

Bones of monitors and of fish, a separate line belonging to the 
vegetable kingdom, leaves of dicotyledonous plants (in which 
respect there is a distinction between these remains and those 
of the coal fields which are all monocotyledonous), and frag- 
ments related to the lycopodium and bamboo, but no true ferns. 

c. The Variegated or new Red Sandstone exhibits a series of 
friable sandstones and argiliaceous marls, in which a red colour 
varied by streaks and spots of a greenish-yellow, &c. prevails. 
The sandstone predominates in the lower members, and is asso- 
ciated with conglomerate beds. Gypsum and rock salt occur in 
this deposit as in that of the zechstein. Iron is the only metal, 
I believe, which it has yet yielded. 

_. Distribution.—It is easy to trace generally the distribution of 
the whole series, but much obscurity still hangs over the exact 
demarcation of its individual members. This it may now be 
expected will shortly be dissipated in as far as it arises from our 
hitherto imperfect knowledge of the structure of the countries in 
which it occurs, by the publication of the works alluded to in the 
beginning of these essays ; but in part it results from a physical 
cause which cannot so readily be surmounted ; namely, the difli- 
culty, if not impossibility, of ascertaining in localities where the 
middle series of limestones (6) may happen to be wanting ; 
whether the sandstones and conglomerates belong to the upper 
class (c), or the lower (a): following the same route which has 
been traced in the preceding articles, we have first to examine, 

(A.) The Coasts of the Baltic. 

The red marl containing gypsum, which occupies a very exten- 
sive tract.in the centre of Russia, appears to skirt the transition 
district of Esthonia, near Riga. Its continuation ought to be 
sought for between the transition and more recent districts in 
Scania and the Danish isles; but these districts have not yet 
been described with sufficient precision to enable us to speak of 
them with certainty. 

(B.) The British Isles. 

1. It is possible that the sandstones of the Orkneys may 
either wholly, or in part, belong to this series. 

2. The same observation will apply to those of the Sutherland 
coast on the north-east of Scotland. 
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3. In the Hebrides, that portion of the sandstone which is 
closely associated with the gryphite limestone is probably refer- 
able to this series. 

4. It is generally believed that the sandstones of the lowlands 
are partly to be ascribed to the old red sandstone ; viz. where 
they skirt the Grampian chain, and partly to the coal sandstones, 
the present series not occurring in that tract. 

5. Onthe south of the southern or transition chain of Scotland, 
however, the sandstones of the present series certainly occur in 
the valley of the Tweed, and in the shores of the Firth of Sol- 
way, in Dumfrieshire, being in the latter district connected with 
the mass of the same formations stretching into the north of 
Cumberland. 

6. In Ireland, the saliferous sandstones underlie the basalt of 
the Ulster district, but are confined to a narrow zone encompass- 
ing that area. 

7. In England, tlie saliferous sandstone mantling round the 
south and south-west of the penine chain (see the account of 
the coal districts) occupies the central counties, sending a branch 
north-west to the point where the cumbrian chains inosculate 
with the former, and in the opposite direction, forming a band 
between the lias and the coai and transition series, through 
Warwickshire, Worcestershire, and Gloucestershire. In South 
Gloucester, Somerset, and the south of Monmouth and Glamor- 
gan, these formations have a very irregular outline, since they 
form upfillings through which the elder rocks of the coal series 
protrude in all the loftier ranges ; in Devonshire they are simi- 
larly disposed among the transition chains. 

In all these places the lowest members appear to abound in 
conglomerates ; those of Devonshire, which are associated with 
amygdaloid, have every feature of the German rothetodte, but 
the magnesian limestone is here wanting, and the variegated 
sandstone lies immediately on those conglomerates. 

Ihave, in the preceding number, suggested the inquiry, whe- 
ther the rock distinguished in Smith’s Yorkshire as the Ponte- 
fract rock may not possess similar analogies. 

The magnesian limestone forms a continuous band from the 
south of Durham through Yorkshire and Nottinghamshire. 

Mr. Smith, in his geological map of Yorkshire, subdivides the 
magnesian limestone, or, as he calls it, red-land limestone, thus : 

1. A hard bluish-white thin bedded stone which at Kinnersley, 

Knottingly, and Brotherston, makes the lime celebrated for 
agricultural purposes. 

2. Red and blue clay and gypsum. 
3. A soft yellowish calcareous freestone or magnesian lime- 

stone. 
These beds are separated from the superior red marl by a thick 

conglomerate. 
Mr, Buckland has observed in Yorkshire, beds closely resem- 
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bling the rauchwacke or cellular limestone of the Continent, 
associated with magnesian limestone. 

In the southern counties, these formations are represented by 
a calcareo-magnesian conglomerate, occasionally, but very 
rarely, passing into limestone beds of uniform texture.. These 
conglomerates bear a great analogy, as Mr. Weaver has well 
remarked to the weisslegende of Germany. 

These formations must be considered as parallel to, rather 
than identical with, the alpine limestones of the Continent. 

The above deposits are comparatively very limited in England, 
and nine-tenths of the tract occupied by the great series we are 
now describing, is exclusively possessed by the superincumbent 
variegated sandstone and marl. 

Salt or salt springs occur in Cheshire, Staffordshire, and 
Worcestershire ; gypsum, passim, and sulphate of strontian, in 
Gloucester and Somersetshire. 

(C.) Western France. 

The new red sandstone which crosses the channel from 
Devonshire, is seen, though not extensively, skirting the transi- 
tion rocks of Brittany ; but the lias and. oolite advance so near 
to them, as almost to overlie and conceal it; as also seems to be 
the case in the centre of that country, against the northern edge 
of that great group of primitive ridges branching off from the 
Cevennes; but we want information on this district. 

According to the interesting communications of Dr. Boué, the 
variegated sandstone exists in patches (par lambeaux) in the 
south-west of France. It is there represented by marls with 
compact and fibrous gypsum (Cognar St. Froult, near Rochefort), 
and sometimes immediately covered by Jura limestone, &c, At 
the foot of the Pyrenees between St. Giron and Rimont, it is 
more extensively developed. 

(D.) Spain. 

Humboldt is of opinion that the limestone of Montperdur is’ 
that belonging to the present series. The specimens I have 
seen, and the fossils described as occurring init, would certainly 
induce me to assign it to a later era (namely, that corresponding 
to our green sand), since it much resembles those rocks in the 
exterior chains of the Alps which are, by Messrs. Buckland and 
Brogniart, referred to that class ; but I can hardly bring myself 
on such slight data even to suggest an inquiry militating against 
so high an authority. Be this as it may, after crossing the 
Pyrenees, the rock salt of this formation occurs associated as usual 
with gypsum at Cardona (a description of which will be found 
in the fourth volume of the Geological Transactions). The 
celebrated conglomerate mountain of Montserrat in the same 
quarter, is, perhaps, referable to the same era; and we find 
gypsum and rock salt abundantly distributed along the course of 
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the Ebro from below Saragossa to above Tudela. It is difficult 
to speak of a country whose’ geology has yet never received a 
strictly scientific examination; but enough is known to teach us 
that the central and western districts are principally occupied 
by primitive chains, while the east and south-east (with the 
exception of the transition chain of the Sierra Nevada) exhibit 
little but calcareous mountains, among which gypsum is plentifully 
interspersed. As we shall hereafter see that the limestone form- 
ation, answering in age to our magnesian limestone, swells into 
great importance on the Continent, and constitutes large moun- 
tain zones encircling the Alps, &c. which are in like manner 
characterised by the intermixture of gypsum, it isno improbable 
conjecture that these deposits belong to the same period. 

(E.) The Alps. 

We find these formations forming a zone on either side of the 
Alps; on the north, interposed between the older rocks and 
great Nagelflue of Switzerland, which was once itself considered 
as belonging to them, but has been proved by subsequent. 
researches to be of much more recent date, and contemporaneous 
with the sandstones of the basin of Paris. The red sand- 
stone is here intimately associated with alpine limestone, which 
corresponds with the calcareous formations already described as 
coeval with our magnesian limestone ; and gypsum and salt may 
be found interspersed through the whole series. A similar cha- 
racter applies to the zone on the south side of the Alps; here 
the red sandstone may be seen to the greatest advantage in 
the valley of the Adige, ten miles north of Trent, and in the valley 
of Avisio, which descends from the Val di Tassa into that of the 
Adige. In the same neighbourhood a porphyry occurs asso- 
ciated with these formations on the south of the Alps only. 

The reader is referred for further particulars to the excellent 
memoir of Prof. Buckland, Annals of Philosophy, June, 1821. 

It is probably the limestone of this formation belonging to the 
southern alpine zone, which extends into Carinthia, Istria, Dal- 
matia, &c.; the limestone of the Apennines, and much of that 
in Greece, may also, perhaps, be referred to the same era. 

It is not to be understood that all the limestone chains border- 
ing the Alps belong to the present series. Parts on the exterior 
are undoubtedly referable to the oolitic series ; and others, as it 
should appear, parallel to the limestones associated with our 
green sand. The great disturbances which have affected these 
colossal chains, and the almost inaccessible nature of much of 
the ground, must long leave considerable obscurity on the exact 
demarcation of their constituent formations. 

(F.) Districts North of the Jura and on the Banks of the Rhine. 
The strata of the Jura chain cropping out to the north exhibit 
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beneath the lias along their northern and north-western escarp-- 
ment the saliferous sandstone (Lons le saulnier, &c.).' 

Dr. Boué has traced the variegated sandstone, alpine limestone, 
and rotheliegende, skirting the Vosges .on the left bank of the 
Rhine, where the continuation of this tract approaches the slate 
mountains of the Ardennes. It has been described by Omalius 
d’Halloy, who classes this series agreeably to its disposition in 
England as the oldest of the horizontal rocks, contrasting it 
with the inclined position of the coal and older formations. 

Keferstein states, that the primitive range of the Schwartz- 
wald and Odenwald on the right bank of the Rhine is succeeded 
on the east, first by rothetodte, then by alpine limestone, and 
thirdly by variegated sandstone; and according to his repre- 
sentation, the Wurtzburg calcareous platform is a portion of 
this band of alpine limestone. Boué and Humboldt, however, 
I believe, consider the same tract as muschel kalkstein. Having 
hastily traversed it myself, I felt also inclined to embrace the 
latter opinion. 

Between this limestone and the cavernous (Jura) limestone of 
Bamberg, a tract of conglomerate and sandstone intervenes. 
Keferstein refers this to the variegated sandstone forming the 
third zone, consistently with his general ideas of the structure of 
this district; but if the Wurtzburg tract be muschel kalk, this 
sandstone district is, perhaps, equivalent with the sand of our 
inferior oolite. I felt much embarrassed by this district when I 
traversed it, and have not yet been able to procure information 
which fully satisfies me.* 

After passing the platform of Jura limestone between Bamberg 
and Bayreuth, however, the red marl of the variegated sandstone 
is unequivocally displayed resting against the Bohemian chains, 
the Fichtelgebirge, and the Thuringerwald. 

(G.) North of Germany. 

In the point to which we have now arrived, we may observe 
skirting the Thuringerwald all the formations noticed at the head 
of this article, viz. the red marl and gypsum; the calcareous 
beds associated with the cupriferous marl slate, and at the bot- 
tom the rothetodte : a shell limestone answering to our lias rests 
on these beds, and separates this from a similar district encir- 
cling the detached ancient group of the Hartz mountains : here, 
and in the continuation of this district towards Halle, the rothe- 
todte is to be observed in many places in contact with the coal 
formation, and always above it. Rock salt is found in numerous 
points in this quarter, along the line between Osnaburg and 

* T[have, therefore, followed the authority of Keferstein in colouring my map, prefer- 
ring to copy the errors, if errors they be, of the best published document, rather than sub- 
stitute an original representation from very imperfect observations, which would, 
therefore, have been quite as likely to prove erroneous, 
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Magdeburg throughout the south of Hanover. (See the works 

of Freisleben.) 
The zone of these rocks surrounding the 'Thuringerwald conti- 

nues to skirt the prolongation of the same great mountain band 

through Saxony, where it assumes the name of the erzegebirge,. 

through Silesia, where it changes its appellation for that of the 

riesengebirge. It occurs on both sides this chain, extending on 

the south into the great basin of Bohemia, and covering the coal 

formation of that country and the adjoining parts of Silesia. 

This district has been fully described by Von Raumer,* and in 

part also by Von Buch in his account of Glatz. 

(H.) Hungary. 

These formations appear to skirt in like manner both sides of 

the Carpathian chain, which is still only a continuation of this 

same great primitive band traversing central Europe. The 

most extensivesalt mines which have ever been worked are to be 

found in the northern sandstone zone at Wielictzka} on the south 

of Cracow, and salt is also worked along the inner zone in 

several valleys descending to the west from the chain where it 

trends round Transylvania. The primitive ridge of the Carpa- 

thians, turning eastwards on the south of the Danube near its 

mouth, assumes the name of Mount Balkan, and proceeds to the 

coast of the Euxine, which cuts it off; but the transition rocks 

on the south of the peninsula of the Crimea, appear to form a 

portion of its northern exterior chain, and the Caucasus to form 

its prolongation ; both these ranges are skirted by conglomerates, 

probably of this formation. 

(1.) Russia. 

The sand of this formation, containing gypsum, appears to be 

very abundant in the north and east of European Russia. Mr. 

Strangways has recently laid much important information on 

the mineralogical relations ofthis vast empire before the Geolo- 

gical Society, in which all the particulars hitherto collected are 

given. It will here suffice to observe, that if a line be drawn 

from Riga north of Moscow to the banks of the river Oural, this 

formation will be found plentifully distributed on the north and 

east of it, especially along the Volga and its branches on the 

north-east of Moscow: it appears indeed to extend to, and 

* Mr. Fichtel says, that on the north this zone extends from Wielictzka into Molda- 

via, in which interval he enumerates 58 places where salt is worked or salt springs 

found, and on the south from Eperics, 400 or 500 miles eastwards through Transylva- 

nia, affording 159 localities of salt. 
+ M. Beudant fancies the salt of the Wielictzka mines to be derived by infiltration 

from a superior sandstone which he assigns to the tertiary era, because it contains lig- 

nites. This hypothesis is highly improbable ; lignites are by no means confined to the 

tertiary deposits. Mr. Buckland, who has visited the spot, felt convinced that the salt 

mines were in genuine red marl, and, I believe, observed, in the same vicinity, green 

sand overlying that formation. This is probably the lignite sandstone of M. Beudant. 
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invest the Oural mountains with, the intermixture ofa cupriferous 
sand, probably allied to the cupriferous beds associated in this 
formation in Germany and the Tyrol, &c. 3 

On the south of the Oural chain, it appears to stretch to the 
Caspian, and to spread very extensively in the adjoining regions 
of Asia. 

(To be continued.) 

ArTIcLE XII. 

Observations on the Advantages of Owl Gas Establishments. 
By M. Ricardo, Esq. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Brighton, Feb. 18, 1823. 
Ir is now nearly two years since I first addressed you on the 

subject of oil gas, when you did me -the favour to insert in the 
Annals of Philosophy a paper ‘On the Comparative Advantages’ 
of Oil and Coal Gas.” These observations were founded upon 
a few experiments I was enabled myself to try on the small 
scale, the reports of those who possessed an oil gas apparatus, 
and upon what I conceived would be the results obtained at an 
oil gas establishment on an extensive plan. Since that period 
I have had ample opportunities afforded me of making a trial, 
upon a larger scale at the Whitechapel-road Gas Works, 
situated in Oldford, and the result has been a full and satis- 
factory confirmation of what I had before advanced. The for- 
mation of a Company for carrying this work into effect was in 
contemplation at the time I first wrote. A capital was raised, 
an Act of Parliament was obtained, and to Messrs. Taylor and: 
Martineau devolved the task of erecting the works, which 
were executed in a manner highly creditable to these gentlemen. 
About two or three weeks before Christmas, 1821, the public 
were supplied with gas, only five months having been occupied 
in executing the work and laying the mains. The first annual 
meeting took place on Thursday, the 6th of February last, when 
a most satisfactory report was presented by the Committee, and 
a dividend of two and a half per cent. declared on the capital 
advanced ; nota dividend made for the occasion, but one arising’ 
from a clear profit over and above the expenditure, of which 
every proprietor had an opportunity of satisfymg himself by a 
reference to the accounts which were laid before the meeting. 
This certainly may be considered as a strong proof in favour of 
oil gas, when it is known that the mains of this establishment 
run through, a district in which there is as little demand for 
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light as any in the vicinity of London. This Company ori- 
ginated with some few gentlemen in the neighbourhood who 
were anxious to have the road lighted with it. Many who 
subscribed did it without any view to profit, wishing only for 
the advantages of the light. Messrs. Taylor and Martineau 
held out no very flattering prospects, although they contem- 
plated that it might not be unattended with profit; and such 
too was the opinion which I had formed when I assisted in pro- 
moting it. 

Of the 10,0007. the capital subscribed for, only 8000/. have 
been advanced. Two sets of retorts, with the necessary appa~ 
ratus, a gasometer containing 8000 cubic feet, and capacious 
reservoirs for oil, have been constructed; seven miles of main 
have been laid in various directions, the total cost having been, 
about 7,300/.* There are at present only 100 customers sup- 
plied from this establishment, but it is difficult to say, how many 
lights are in use, as the gas is supplied by meters, and paid for 
according to the quantity consumed; so that any person may 
have as many burners as he pleases. The average number in 
constant use may be reckoned at about 500 or 600; besides 
which there are about 180 public lights supplied at a price which 
yields no profit. One man as gas-maker, and a boy to assist 
him, are the only labourers required, and without any addi- 
tion, these might supply double the number of lights. In this 
case, the current expences of labour, wear and tear, rent, and 
incidentals, would continue the same, the only additional charge 
being the cost of oil and coals. In my former statement, when 
I calculated the expences at 5s. 6d. per 1000 feet as a fixed sum, 
I was incorrect. This sum must be constantly diminishing with 
the increased demand for gas. On the present scale at this gas 
work, the expences may be estimated at 6s. per 1000 feet; ifthe 
consumption was doubled, it would be only 3s. per 1000 feet ; 
and if the apparatus supplied to the full extent of what our 
capital would allow us, it would be considerably less ; for with 
the addition of another gasometer and one labourer, during the 
winter months, I have no doubt from the observations I have 
made, that between 3000 or 4000 burners might be kept supplied. 
Two pairs of retorts working 8 or 10 hours a day, are found suf> 
ficient to provide all the gas for the present winter consumption, 
amounting to about 6000 feet per night. If the whole six pairs 
were at work, and kept employed night and day as they are in 
coal gas works, more than six times that quantity ought be pro- 
duced. Ifthe Company had erected their own buildings, and 
furnished themselves with another gasometer, their capital sub- 
scribed would have been sufficient to have covered all these 

* The sum expended, as shown by the accounts, is about 7,700/. but of this nearly 
A001, are for gas meters, and 760/. for an Act of Parliament. It should be observed 
that the building has been erected by the ground landlord, who receives an adequate rent. 
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expences. At the Brighton Coal Gas Works upwards of 30,000/. 
have been expended ; and, I believe, without a material increase 
to their works, they would find it difficult to supply gas for 3000 
lights. 
eThe report from the gas-maker of the quantity of gas produced 

from a given quantity of oil, is equally satisfactory. This depends 
in a great degree on the nature of an oil; for an equal quantity 
of gas cannot be procured from the very inferior sorts as from 
those of a better quality. Whale oil is found to be the best for 
the purpose ; cod oil somewhat inferior ; yet from eight tons of 
the latter containing 2016 gallons, 201500 cubic feet of gas 
were obtained, which is within a trifle of 100 feet per gallon. 
This is a large production from that description of oil; but I see 
no reason, why, with good management, the same quantity 
should not always be produced; much certainly depends upon 
this, but it is soon acquired by practice and observation. The 
regulation of the heat of the retorts, and supplying them pro- 
perly with oil, is of the greatest importance in gas making. 
The Oldford establishment has been fortunate in obtaining an 
operator who has equalled their most sanguine expectations. 
There are inferior oils which it may be the interest ofa Company 
to purchase from lowness of price; these of course are not 
expected to produce so much gas; and lowness of price is not 
always a recommendation, as there are other circumstances 
besides variation of product which render some oils less eligible 
than others. It has been observed that the advocates for oil gas 
do not make any allowance for waste arising from leakage of 
pipes, &c. This, at the Oldford Works, is very small indeed. 
The valve leading from the mains has been opened during 
the day, and kept so for some time with the smallest percep- 
tible fall in the gasometer. This loss in the coal gas works, 
if what is stated be correct, is so great that it is difficult to 
account for it, and it would seem almost impossible it should 
arise from escape only. It is well known that coal gas injures 
the pipes it passes through; which, in no degree, occurs with 
oil gas: may not this fact account for the difference of loss? 

The foregoing statements, I think, clearly prove the advan- 
tages which an oil gas concern is likely to yield in point of 
profit to those who embark in such an undertaking. To the 
consumer of gas, the advantages are equally palpable. An indi- 
vidual in the vicinity of the Works, has his premises lighted up 
with oil gas, and the following is the result of one year’s obser- 
vation; it is somewhat more than a year, but I will not consider 
the extra time. He has in his shop five large argand bumers 
burning from sun-set till nine o’clock, and on Saturdays till 
eleven o’clock. In his counting-house, he has two burners, and 
in his warehouse one; these last are not constantly lighted, and 
he estimates them at one and ahalf, so that the number of lights 
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may be considered as six and a half, the average number of hours 
of burning per night is about three hours. I estimated this 
before at two and a half; it was said to be three and a half: I 
have taken the medium ; this, allowing the extra time on Satur- 
day, would be 20 hours per week, or 1,040 per year. The 
annual consumption will be about 8,800 cubic feet, for which at 
50s. per 1000 feet, deducting five per cent. will be about 2147. 
besides the hire of the gas meter ; each burner will consume about 
1,350 cubic feet per year, which very little exceeds one and a 
quarter foot per hour. The light of these burners is fully equal 
to, if not exceeding, that of coal gas consuming five feet per 
hour, thus realising upon a large scale all my experiments, 
which have tended to prove that one foot of oil gas is equal to 
four feet of coal gas. The illuminating power of these two burners 
has been tried by a gentleman whose accuracy in experiments of 
this kind may be relied on, and whose interest is as great in the 
success of coal gas as of oil gas : his trials have all been followed 
by the same results. The cost too will be equally favourable for 
oil gas. The use of the gas meter gives an advantage over the 
ordinary mode of charging per light, as in the latter case the con- 
sumer must pay for a stated number whether he uses them the 
whole time or not ; but supposing he should pay for six and a half 
burners, the charge would be 26/. and if this were estimated, 
according to the quantity consumed at 15s. per 1000 feet, and 
considering one cubic foot of oil gas as only equal to three and a 

_half cubic feet of coal gas, as I originally stated it, the cost then 
would be 23/. 8s. making a difference considerably in favour of 
the former, and likewise showing the decided advantage of the 
gas meter. The above statement will, I think, be conclusive to 
any but the most prejudiced, of the superiority of oil gas over 
coal gas in an economical point of view. 

Of the benefits arising from its introduction into private 
houses, no one can speak more satisfactorily than myself, nor can 
any one more seriously regret the necessity 1 have been under 
of relinquishing the comfort and luxury arising from it in con- 
sequence of my retirement here on account of my health. The 
whole of my house was lighted with it; and all the advantages, 
great as they were, which I anticipated from it, were infinitely 
more than realised. There was not a single annoyance, or the 
slightest inconvenience arising from the use of it; while the 
brilliancy of the light, the cleanliness, the saving of trouble, and 
many other oalislaats attending it, were a constant theme of 
admiration, and now as constant a source of regret. Could the 
benefits of this mode of lighting be generally known, and felt, 
and duly appreciated, I have no doubt that oil gas companies 
would a universally established, and every house lghted 
with it. I[t is difficult to say what the economy of this mode of 
lighting is, that must depend upon the quantity of light ; it is, 
however, satisfactory to know, that there is no waste; you may 
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be as profuse or as economical as you please, and you may 
have double or treble the light at the same cost as tallow can- 
dies ; four or five times as much if compared with sperm oil, and 
above twelve times as much if the comparison be made with wax 
candles. ; 

I know not that any thing can be more satisfactory in favour 
of any new improvement than a successful issue of a fair and 
impartial trial; and the results which I have now stated, of a 
year’s trial at the Oldford Works, may be equally applicable to 
any other establishment of a similar description. It can hardly 
be erected on more disadvantageous ground ; and if similar suc- 
cess should not ensue, it cannot arise from the planning and 
execution of the work, but from some other cause wholly uncon- 
nected with the nature of the establishment, either from want of 
consumption, or from improper management, and to which any 
other concern is equally liable. The great question in the form- 
ation of a gas company is, Which is most eligible, coal or oil? 
Which is likely to absorb the least capital ? Which is likely to 
promise the fairest return? Which is hkely to be attended with 
least loss in case of failure? Which is likely to afford the greatest 
satisfaction to consumers in general? To these queries, 1 do not 

hesitate for one single moment answering oi/ gas. There is not 
a single point in which it has not the most decided advantage ; 
and it is only because these advantages are not generally 
known, or that they are disallowed owing to the gross misstate- 
ments of those interested, that oil gas is not universally adopted. 
All means are resorted to to cry down oil gas ; and I under- 
stand that in some of the provincial papers a warm contest 
has been kept up, and that the opinions of scientific men have 
been brought forward to prove the incorrectness of the state- 
ments concerning the comparative illuminating powers of the 
two gases. It would be difficult to account for the discrepancy 
of opinion which exists on this subject (some estimating it as 
one to two; others as one to two and a half; some again as 
one to three), if we did not know that the goodness of oil 
gas depends upon the construction of the apparatus, and 
the mode of using it, and that oil gas of all the qualities 
just mentioned may be produced. The gas upon which I have 
experimented, and upon which the observations I have before 
made were founded, was produced from works upon a large 
scale, erected by Messrs. Taylor and Martineau ; and the pecu- 
lar excellence of their arrangement is, that the gas produced 
from the action of their apparatus and retorts is always of 
a superior quality, which was most satisfactorily proved by Dr. 
Henry, in his paper read before the Royal Society. 1t is need- 
less for me here to enter into a detail of experiments which I 
was trying, and which, for the reasons I have before given, I 
was reluctantly obliged to give up. I may, perhaps, take some 
future opportunity of entering more fully into that subject ; for 
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the present, I need only say, that the quantity of light may be 
augmented or diminished by different modifications of burners, 
by lessening or increasing the pressure of gas, at the same time 
enlarging or diminishing the external hole through which it 
passes. Indeed in measuring the proportions of light produced 
from oil and coal gas, there are so many circumstances to be con- 
sidered, that no two experimentalists would be satisfied with the 
results obtained by others. The most satisfactory proof which can 
be brought forward is the practical result of observations made b 
a disinterested and intelligent consumer, and which is shown b 
a computation of pounds, shillings, and pence, more intelligible 
to those usually interested in yas concerns than all the philoso- 
phical or chemical experiments that can be tried. 

I hope, from what I have above stated, it will not be supposed 
that I mean to underrate the advantages of science; you, Nir, I 
am sure, know me well enough, and have been sufficiently 
acquainted with my pursuits, to exonerate me from such a 
charge; but the present question is not so much one of science 
as it 1s of economy and utility ; and in such a question, practical 
experience would certainly take the lead of scientific experi- 
ments. We all know the results of the inquiry on the famous 
oil question, which will not readily be forgotten. It must have 
had the effect of teaching the public, that in similar points of 
dispute, they must look to other authorities than the mere dicta 
of scientific men; and no authority can be more satisfactory 
than that which results from the agreement of scientific experi- 
ments with practical results. 

I would have transmitted to you a copy of the report of the 
Oldford Oil Gas Company, but it is not yet printed: it details 
the progress of the concern, and expresses the satisfaction 
of the Committee with the favourable account which they are 
enabled to lay before the Proprietors, and bears testimony of 
the correctness of all the statements which were made by 
Messrs. Taylor and Martineau at the commencement, in all of 
which they have been fully borne out after a fair and satisfactory 
trial. I am, yours, &c. M. Ricarpo. 

ArticLte XIII. 

Abstract of a Memoir entitled “ An Attempt to ascertain the 
Chemical Composition of those Minerals which possess the same 
Crystalline Form as Pyroxene.” By H. Rose.* 

THE author of this paper observes, that there are many mine- 
rals which, from whatever place obtained, always possess the 

“ From Schweigger’s Journal, vol, v. New Series. 
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same form and constituent parts. Of this agreement he adduces 
feldspar and emerald as examples; but there are other minerals, 
as pyroxene, amphibole, garnet, and mica, which, possessing 
similar forms, wherever they occur, differ greatly in their com- 
position. This last mentioned circumstance has occasioned 
ereat difficulty in arranging minerals according to their compo- 
sition. 

It is observed, that M. Mitscherlich has removed much of 
this difficulty by showing that certain bodies, when containing 
the same number of atoms, may exchange their places in com- 
pounds without inducing any alteration of crystalline form ; 
according to M. Mitscherlich, most oxides which contain two 
atoms of oxygen are isomorphous ; and although his experiments 
were made with artificial salts, it is presumed that the same 

obtains with respect to crystalline minerals. 
To illustrate this position, M. Rose has observed that the 

analyses of different specimens of pyroxene show, that all mine- 
rals which have the crystalline form of pyroxene are bisiliciates 
of the four isomorphous bases, lime, magnesia, protoxide of iron, 
and protoxide of manganese ; in all these, the oxygen of the 
base is to that of the silica as 1 to 2. If the reasoning of 
M. Mitscherlich be applied to the analysis of various substances 
classed by Haiiy with pyroxene, it will be observed that they 
agree in composition with that substance ; viz. augit, malacolite, 
sahlite, baikalite, coccolite, alakit, mussite, diopside, and 
fassaite. 

The following analyses were made by M. Rose in Prof. Ber- 
zelius’s laboratory at Stockholm, and most of them were several 
times repeated ; the minerals which possess the crystalline form 
of pyroxene are classed by M. Rose under the following heads : 

1. Pyroxenes with lime and magnesia as bases. 
2. Pyroxenes with lime and protoxide of iron as bases. 
3. Pyroxenes with lime, magnesia, and protoxide of iron, as 

well as some protoxide of manganese as base. 
4, Pyroxenes with lime and protoxide of manganese as bases. 

1. Pyroxenes with Lime and Magnesia as Bases. 

These pyroxenes are mostly white, and form the colourless 
and usually transparent malacolites, which are sometimes, by 

slight admixtures, yellowish and greenish. The proportion of 
lime and magnesia is in almost all which have been analysed 
very constant, both having the same quantity of oxygen, and 
together half as much as the silica. 

White Malacolite from Orrijervi, in Finland. 

Is white, only greyish when mixed with galena; occurs in 
large crystalline masses with distinct cleavage ; semihard, and 
very translucent at the edges. Mr. Rose’s analysis gives 
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Silica. .....seeee008- 54°64 containing oxygen 27°48 
PEO. 3 pinnae kine eee i RN a Go pales cae one: SRE 

Magnesia. . oem ae eee 18°0 eee eee ee ee ed 6:97 

Oxide of manganese ..  2°0 

Oxide of iron with mag- 
NEMA. bos canes OOS 

100°66 

Yellow Malacolite from Longbanshyttan, in Wermeland. 

225 

It occurs with red silicate of manganese in magnetical iron 

ore. Its colour is yellowish ; its powder ofa lighter colour; 

it is semihard ; gives with difficulty sparks with steel; is trans- 

lucent at the edges. M. Rose’s analysis gave 

Pao Aes rd ls ajstirds wile 55'32 containing oxygen 27°82 

Magnesia. .......-+- BQO stereo iets ie. & 6°58 
1 ee ee ee BRO E: 4 aiditahy sty oxe .- 6:46 

Oxide of manganese .. 1°59 
IGE OF ATO aye, «nis. 0) 00 2-16 

99-07 

M. Hissinger has analysed another malacolite from Longban- 

shyttan ; the composition is nearly the same. 

Silica. ...... weeeee.. 04:18 containing oxygen 27°25 
Magnesia. .........- Yi) re eee 6:89 
PMCs coe ewe ce ses OA te ‘ose s ee o'onv sees 6:38 
Oxide of manganese... 2°18 
Oxide of iron ........ 1-45 
Loss by heating ...... 1:20 

99°54 

M. Bonsdorf, of Abo, has analysed a white malacolite from 
Tammare, in Finland, which gave the following results : 

Bibi ais cspisie). uptawtoe si. 54:83 containing oxygen 27°58 
MAMIC js i's » de eo eA TE: cxvtt. bes. . BEL O'S 
Magnesia. ......... » TBGGiny tia. Heres hos! . SOUS 
PAddininal sisicid ais ve ss'e's 0:28 
Oxide ofiron. ........ 0°99 
Loss by heating ...... 0°32 

99°73 

‘The Count of Trolle Wachtmeister analysed a white malaco- 
lite from Tafel Tyotten, in Norway ; its composition was, 

New Series, vou. v. Q 
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Silica. ........00.++..57'40 containing oxygen 28°87 
Lime. Sees seeeerseeveee 23°10 eeeeeeeneveeeesc es 48 

» Magnesia . eeeeeeeoeeee 16:74 eeeoteevneveetee ae 6°48 

Alomar’ eos. 0 000 OB 
Protoxide of iron. .... 0°20 

a 

97°87 

Pyroxene from Pargas gave Mr. N. Nordenskiold the follow- 
ing composition : 

Silica. ...+se++eee++4 55°40 containing oxygen 27-7 
Lime. eseteereeeeeeeeee 15°70 eeeveeeereen eters +4, 

Magnesia « ssja5sis090 22IOR ie dices. saview odin 
Oxide of manganese .. 0°43 
Alamrininng 236: «:c'Gieayetiee Be 
Oxide ofiron. ........ 2°50 

99°43 

2. Pyroxenes with Lime and Protoxide of [ron as Bases. 
Hedenbergit from Tunaberg, in Sadermanland.* 
The colour is greenish-black ; it is semihard in a high degree. 

It occurs among the masses thrown out from a mine which is 
now deserted (Marmorsgufvan) not far from the cobalt mines at 
Tunaberg, together with quartz, partly pure and large foliated ; 
partly granular with magnetical iron ore. M. Rose’s analysis 
gave the following result : 

Silica. ....+....4..+++ 49°01 containing oxygen 24-65 
BAC’. S008 ise cenes BUG ss ching pan p ad ey GEO 
Protoxide of iron, .... 26°08 .....<s.ua0e j0:98 
Magnesia and oxide of 

manganese ........ 2°98 

98°94 

3. oF arg with Lime, Magnesia, and Protoxide of Iron, as 
ases, together with more or less Protoxide of Manganese. ~ 

In these varieties of the pyroxene, a constant proportion of the 
bases is wanting ; and there is, therefore, a great variety in the 
composition. Among all varieties of this series of pyroxenes, 
there are not two which have their bases combined in the same 
proportion ; even pyroxenes from the same place vary in their com- 
position : all, however, follow the law which M. Rose discovered ; 

* Hedenberg discovered this mineral, which he likewise first analysed. The re- 
sult of his analysis is, however, very different from M. Rose’s. Specimens which 
were obtained from Prof. Berzelius’s collection were first analysed, and afterwards such 
as M. Rose brought with him from the place. Both analyses agreed completely in 
their results. 



1823.) the same Crystalline Form as Pyroxene. 227 

the oxygen of all the bases being equal to one half of that of 

the silica. 

Green Malacolite from Bjormyresoeden, in Dalecarlia. 

Its colour is leek-green; the powder greenish-yellow ; it is 

semihard in a high degree ; and on the edges scarcely translu- 

cent. It occurs in magnetical-iron ore. The analysis gave the 

following result : 

Silica. .e..eeeeeseeee 54:08 containing oxygen 27:20 

Lime «..«. cere vin sie eieiep oe PEAT wccwcccccneces 6:59 

Magnesia. ..... eta'ea) REED cog alein'> dGreate selene 

Protoxide of ifon «0. ++ 10:02, w.egssececensey eo 
Protoxide ofmanganese 0°61 

—— 

99°67 

Green Malacolite from Bjormyresoeden, another Variety. 

It is scarcely different from the former in hardness, colour, 

transparency ; in streak and lustre ; it is in fact almost completely 

like the former. The analysis gave the following result : 

Silica. s.cesesesecces 54-55 containing oxygen 27°45 
Lime. eeeseeeoveoseeeee 20°21 eeeeeoeereoeves es 5°68 

Magnesia. ...++eeee> AODO Nae Madea Oe 

Protoxida of iron....68, SA saiescnsvddoees 180 

Algmina 2.) cdsccses O14 
Oxide of manganese .. 0°73 

99-02 

Black Crystallized Pyroxene from Taberg, in Wermeland. 

Its colour is raven-black; the powder greyish-green ; it is 

semihard; opaque; occurs on a bed of iron ore with epl- 

dote, asbestos, and tremolite. The analysis gave the following 

result : 

Silica. .eeesssseseees 53°36 containing oxygen 26°84 

Lime. ... eeeteeveees 22°19 ee 6:23 

Protoxida of irome:ii 0 U7-BS onbicd sales do setsle eee 

Magnesia . @eese eevee 4-99 eveseevesvevnene® 1:93 

Manganese ....se0886 0°09 

98-01 

If the magnesia is not taken into consideration, this pyroxene 

belongs to the second division. Even in external appearance, 1¢ 

is like the hedenbergite, which belongs to that division. 

Green Sahlite from Sahla. 

The colour is light oil-green : the powder white. It gives 

g 
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sparks with the steel, but with difficulty. It is in a high degree 
translucent at the edges. Occurs in calcareous spar, It was 
analysed by M. Rose, and the results obtained were: 

e 
Silica, ........++.4.. 54:86 containing oxygen 27°59 
MAMICL snsepo% <2=)8:4)0)0 visi OO Dle «snevieh -deisk sont GHee 
Mar Mesias< is sie{> + o> AAD ostennne oc6j-a1g90 OP, 
Protoxide of iron ....... 4°44 o..00sn06ccshamgy ee 
Manganese .......... 0°42 
AUNTY FP BER OP 2) 

The composition of this malacolite is, if 41 per cent. of protox- 
ide of iron are not taken into consideration, the same as those of 
the first division. Before the blowpipe also, its properties are 
completely like them. There occur, however, at Sahla other 
kinds of sahlite, which, though similar in external appearance 
to this, are quite different in their chemical properties and 
composition; while the sahlite just now described, and. all 
other malacolites of this composition, are easily fusible, before 
the blowpipe, these are almost entirely infusible ; and if reduced 
owder, it merely agglutinates a little. In a small glass tube, 

they blacken on’ the first action of the flame; in the open 
fire, they become white. ° wm 

The colour of these sahlites is the same as that of the be- 
fore mentioned, but their lustre is much less, and so soft 
that they are scratched by the nail ; while the other sahlite gives 
sparks with steel. They occur in-carbonate of lime, and are 
usually penetrated by small veins of galena. The analysis of 
these sahlites occasioned much trouble in ascertaining their true 
nature. 

_ One of the purest specimens is in the collection of Prof. Ber- 
zelius, who was kind enough to supply as much of it as 
was sufficient for a chemical analysis, This sahlite, after haying 
been deprived by diluted nitric acid of calcareous spar, lost on 
heating in different experiments 4°15, 4:92, 4:34, and 4:11 
per cent. which -distinguishes it sufficiently from the com- 
mon malacolite, of which the loss in the fire never amounts to one 
per cent.* : 

The powder, after being heated, had a brown-red colour, and 
gave the following results : 

* The hard sahlite lost in the fire 0°48 per cent. ; the first variety of the malacolite 
from Bjormyresoeden only 0-12; the second 0:22; and the hedenbergite 0°7. This 
latter mineral when heated in a small glass tube by the lamp of the glass blowers, 
gives out a sour liquid which seems to contain fluoric acid, * i 
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Silica. ...........+,... 63°21 containing oxygen 31-79 
BAG ode wats erat ng MIO ns ta din oo a» «se cp. Sy, CEM 
Magnesia. ........ ps 2D pote eta 10°16 
(pL NEST on Ty, SERA 5 ERE Gp poeple 0-99 
Oxide of manganese .. 0°82 

99°83 

It is clear that a great surplus of silica exists im this mineral, 
and that it is not a bisilicate. This exception to the common 
rule which existed in every other analysis was unexpected. 
M. Rose repeated the analysis twice, but always obtained the 
same result. Fragments of it, when distilled in a small appara 
tus, gave out water, which did not change any of the test papers. 
M. Rose endeavoured to tind fluoric acid in this sahlite by melting 
it with carbonate of soda, dissolving the mass in water, evaporating 
the liquid to a small bulk, separating it from the silica, supersatu- 
rating it with muriatic acid, mixing it with excess of ammonia, 
and adding muriate of lime, after which the vessel was carefully 
closed. No precipitate of fluate of lime appeared, not even after 
several days; and only a trace of silica was deposited.* 

A considerable quantity of another sahlite was distilled in a 
porcelain retort ; the loss amounted to 3:17 per cent. Water 
was distilled, and at last fumes passed through the aperture 
of the receiver, which smelt like a mixture of sulphurous 
and sulphuretted hydrogen. The water in the receiver was 
slightly sour; when saturated with ammonia, and slowly eva- 
porated in a stove, it left only a small trace of salt. of ammonia, 
which, when heated, evaporated like muriate of ammonia, and 
before the blowpipe with silica and soda, gave a brown button. 
By another distillation, when the receiver was kept very cold, 
a fluid was obtained, which, in the beginning, was turbid, smelt 
of sulphur, and on being saturated with ammonia, visible traces of 
sulphur were thrown down. When the sulphur had been sepa- 
rated, this solution was evaporated ; the same salt remained as 
before, the brown colour which it communicated before the 
blowpipe to the glass of silica and soda, proved to be sul- 
phate of ammonia. This sulphurous acid evidently derives 
its origin from the sulphuret of lead which occurs dissemi- 
nated inthe sahlite. The very insignificant quantity shows that. 
it cannot be the produce of one of the constituent parts of the 
sahlite (the water of a perfectly pure sahlite, of which the analysis 
has been communicated above, did not contain any trace of 
it). Besides the sulphurous smell, an empyreumatic one 
was observed in the water, which is peculiar to the water 

* When the liquid which had been separated from the silica was evaporated to a 
small bulk, and a mixture of sulphuric acid and alcohol poured on it, it burned with a 

n flame, which, however, depended upon the muriatic ether, and not on boracic 
acid 
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obtained from all magnesian minerals, as, for example, ser- 
entine, 

f It was, however, necessary to ascertain, whether the whole 
loss in the fire consisted of water. A quantity of another speci- 
men was, therefore, distilled, which, in different experiments, had 
lost 3-09, 2:99, and 3-25 per cent. on a red heat, in a porcelain 
retort with a receiver, to which was adapted a tube with muriate 
of lime. This experiment, which was made with the greatest 
care, was decisive, for no gas was given out, and the loss of 
weight of the retort answered completely to the increase of the 
receiver, and the tube with muriate of lime.* 

Fragments of the specimen which had served for this experi- 
ment, were employed for two different analyses. The fragments 
for the first analysis were taken from one end of the large piece; 
those which served for the second were from the opposite end. 
The result of these two analyses was: 

Silica. se eeeeeeereeee 58°08 containing oxygen 29°21 
Barges if Lapis. ps boca Oe owas lee oewallato ee 
Magnesia with manga- 
TOMO YS co sails dete 24 SB AB ish Bo\slsroe een eo ey ne Ge 

Protoxide of iron . 2604) FBO) wenessec evasion d'a0 
Alumina ....cceeeeae 047 

———— 

97°37 

Silica. ...eeeseeeeess 58°30 containing oxygen 29°32 
Lime ic bhactee weak ei Sabee ede teber ThAies 
Magnesia « seerecee se 2422 cesvscesecerys Dod 
Manganese ..,.-+..-- 0°68 
Protogide of gron. aa. 424 gaccacvegencne OO 
Alumina @eeeeveeeeneoer O11 

—E 

97-44 

If 3-11 per cent. of water are added, which is the mean quan- 
tity of the loss that the mineral sustained by a red heat, a 
small increase is obtained in the analysis. Though the oxygen 
in the surplus of silica is equal to that of the water obtained, and 
it, therefore, might appear proper to consider the hydrate of 
silica as isomorphous with the form of the pyroxene; yet no true 
hydrate of silica being either found in nature, or produced by 
art, there exists no reason why it should occur here. It seems 
as if the distinguishing property of those sahlites, which, on being 
exposed to heat ina covered vessel, become black, give out water, 

* The quantity of purified sahlite which was used in this experiment weighed 35°916 
grammes. The retort had lost !*168 grammes; the receiver had gained 1°151,+ and 
the tube with muriate of lime 1-009 gramme. 

+ The number is most probably 0°151.— Edit, 

i 
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and are afterwards white, and which are not fusible, or whose fusi- 

bility diminishes in the same proportion as the water they contain 

increases, depends upon an infusible mineral, which contains 

water, and in the fire becomes first black, and afterwards white. 

Soap stone and noble ser entine are easily recognised by these 

properties, and these with common serpentine occurring in 

great quantity with the sahlite, it is clear that these varieties of 

sahlite are nothing but pyroxenes; that is to say, bisilicates of 

lime and magnesia combined with variable mixtures of soap 

stone or noble serpentine, of which the first is a. trisilicate 

without water; the latter a trisilicate with water. Neither soap 

stone nor serpentine has the least tendency to. crystallization, 

though both are chemical compounds; they are, therefore, 

no obstacle to the peculiar crystallization of the sahlite, it 

being already known from several examples, that both soap stone 

and serpentine possess a peculiar tendency to assume the crys- 

talline form of other minerals.* 

Reddish-brown Malacolite from Degaro, in Finland, analysed by 

"Prof. Berzelius. 

Gthean de. kv verre «uhh 500 containing oxygen 25:15 

Bis) iy dial orien gba QO OO iste gedaan se ¢ 5°62 

Magnesia. ..++-seee> AsHOihi-ckex:<vlaealan senod ht 

Protoxide of iron. .... 18°85 wseeeeseeeenes 4:29 

Protoxide of manga- 

TNIESE .« coeccseeccese B00 scccvvctescere 0:66 

Loss by heating ...... 0°90 

97°25 
(To be continued.) 

a) 

Articte XIV. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

- Jan. 23.—The reading of Mr. Macdonald’s Observations on 

Magnetism was resumed and concluded. ‘The principal subjects 

of them were the phenomena of the variation of the needle, to 

account for which, an hypothesis, in some respects new, was 

proposed by the author. It would appear, he observed, from 

Capt. Parry’s discovery of the north-west magnetic pole, and 

* M, Rose distinctly found afterwards, on closer examination, in one specimen of these 

sahlites, serpentine mixed with it, which, from its exterior, hardly would have been dis~ 

tinguishable from the sahlite, had he not supposed
 it to exist in the mixture. 
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from other circumstances, that what we call the variation of the 
needle, is, in fact, no variation at all, so that the north-pole of 
the earth may not, in reality, possess any magnetic attraction. 
The situation of the pole discovered by Capt. Dateys by a rough 
computation from the amount of the dip at various spots in its vici- 
nity, as given by him, is at the intersection of 73° north latitude 
and 101° west longitude. Mr. M. has ascertained, that the 
oscillations of the needle are isochronous ; and also, that when 
the north pole of a magnet is presented to the south pole of the 
needle, the oscillations describe segments continually decreasing, 
but are still performed in equal times: now if the north pole of 
the earth have any attraction, the oscillations of the needle, when 
upon the line of no variation in the neighbourhood of the north- 
west pole, which was crossed by Capt. Parry, ought to be accele- 
rated on approaching it; and by this means the fact may be 
ascertained, 

Mr. Macdonald supposes that the north-west magnetic pole 
has a rotatory motion, producing the two lines of no variation in 
the ncrthern hemisphere, and that during the 159 years, from 
1657 to 1816, in which the needle was advancing to the west, it 
described one-fourth of its orbit. This theory of the motion of 
the pole, he remarked, required one objection to be obviated,— 
the supposed solidity of the earth: but of this opinion, he 
stated, there was no more. physical proof than of the contrary 
one ; the subject was one of the hidden secrets of God never to 
be discovered. The Mosaic records indicate the earth to be full 
of water, contained as in a shell; and many passages of Scrip- 
ture might be adduced to confirm this indication; the mode in 
which the earth must have acquired its figure, and several astro- 
nomical facts, likewise tend to show that it does not consist of 

~ solid matter increasing in density to the centre. 
Mr. M. supposes that there is also a south-east magnetic pole, 

by the rotation of which the two lines of no variation in the south- 
ern hemisphere are produced ; Capt. Cook came toa spot where 
the dip amounted to rather more than 70°; and this pole may 
be discovered or approximated to by sailing in the line of no 
variation at New Holland, as far as the ice will permit. The 
circumstance that the aurora borealis is never seen to rise, in 
Greenland, either in the north or north-west, but in the south- 
east or east, was cited from Crantz’s History, in confirmation of 
this idea of a south-east magnetic pole. 

In his former papers on magnetism, inserted in the Philoso- 
hical Transactions for 1796 and for 1797, the author had 

adopted Dr. Halley’s theory of four magnetic poles ; but two of 
these, it had since been found, did not exist where they were 
stated to be. In those papers, likewise, he had ascribed certain 
effects to the action of the sun’s rays upon the earth, which, in 
consequence of Sir H. Davy’s electro-magnetical discoveries, he 
was now disposed to attribute to galvanic agency; the diumal 
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variation of the needle might still be connected with the influence 
of the sun, as, indeed, its increase from March to October 
seemed to prove. Mr. Macdonald further suggested, that a 
magnetical battery might be constructed, perhaps, by a proper 
arrangement of positive and negative poles ; and concluded his 
paper with expressing his hopes, that what he had stated might 
lead some to pursue the subject, who were better qualified than 
himself for the investigation of it. 

The Society then adjourned over the anniversary of the mar- 
tyrdom of King Charles I. 

Feb. 6.—A letter to the President from Sir Thomas Brisbane, 
Knt. FRS. dated Government House, Paramatta, New South 
Wales, Sept. 6, 1822. In this were communicated the results 
of the first observations made at the Observatory at Paramatta, 
by Mr. Charles Rumker ; they related to the obliquity of the 
ecliptic at Paramatta, to the longitudes of Paramatta and Syd- 
ney, to the rediscovery of M. Encker’s triennial comet, and to 
the length of Kater’s invariable pendulum vibrating seconds at 
Paramatta. 

At the same meeting was read, An Account of some Caves 
discovered in the Limestone Quarries at Oreston; by J. Whid- 
bey, Esq. in a letter to J. Barrow, Esq. FRS. 

he two caves described in this paper were discovered, at the 
elevation of 93 feet above the sea at high water in spring- 
tides, in the quarries upon the Cat-water, from ahh the 
stone employed in the Breakwater is procured. One was 
thinly lined with stalactite, and the bones it contained were 
imbedded in clay and rubble; in the other, they adhered to the 
sides ; these caves communicate with each other by a sort of 
gallery, which opens to the face of the quarry about the size of 
a man’s body. They have been examined by Prof. Buckland 
and Mr. Warburton. Their form and position were illustrated 
by a drawing annexed to the paper. 

Annexed to Mr. Whidby’s paper, was A Description of the 
Bones found in the Caves above-mentioned; by Mr. W. Clift, 
Conservator of the Museum of the Royal College of Surgeons ; 
communicated by Sir E. Home, VPRS. 

_. The contents of the caves discovered at Oreston in 1816 and 
1820, which had been described in the Philosophical Transac- 
tiens for 1817 and for 1821, were altogether different from those of 
the present, discovered in 1822. In the first instance, the bones 
all belonged to a species of rhinoceros ; and in the second toa 
species of bear, and to an unknown antelope or deer: those now 
under consideration belonged to the known and existing genera 
of the ox, the deer, the horse, the hyzua, the wolf, and the fox. 
Some of them were thinly invested with stalactite, but the 
greater number were firmly imbedded in clay. None had been 
gnawed, except the radius of a young wolf, which presented 
traces of the canine teeth and incisors, of an animal apparently 
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about the size of a weasel. The bones of the various gramini- 
vorous animals were found together; but those of the carnivora 
ata distance from each other. All were very fragile and white ; 
some were treated with muriatic acid, and found to have lost 
nearly all their animal matter; while others examined by Prof. 
Buckland retained about one-third less than those of Kirkdale, 
The proportion of animal matter retained by fossil bones, 
varies very considerably in different specimens, In the 
Museum of the Royal College of Surgeons, there are some teeth 
of the mastodon, from the banks of the Ohio, which have been 
deprived of their earthy matter by means of muriatic acid, but 
still showing their whole form. Mr. C. suggested, that the 
clay in which the Oreston bones were found, and which, in 
their immediate vicinity, was much blacker as well as more 
tenacious and solid than in any other part, might have abstracted 
the animal matter from them. ‘They are so absorbent of moist- 
ure, that the largest adheres to the tongue with sufficient 
strength to support its whole weight. When immersed in water, 
much effervescence took place, and the bones became black ; 
but resumed their usual appearance on being dried; this was 
particularly the case with those of the carnivorous animals. In 
consequence of their fragility, some of them were broken by the 
workmen while divesting them of the clay; while others fell to 
pieces on being exposed to the air. In respect to the latter 
circumstance, they resemble the tusks, &c. of the elephant, 
found in the sand above the blue clay at Brentford, Ilford, and 
other places near the river Thames, which divide into lozenge- 
shaped or into cubic fragments. 

Fossil bones showing traces of disease, Mr. Clift observed, are 
extremely rare; and he has never seen any that exhibited frac- 
tures which had been healed during the life of the animals: 
there are, however, among these from Oreston, the metacarpal 
and metatarsal bones of an ox, which bear evidences of ossific 
inflammation ; and the lower jaw of a young wolf, in which two 
abscesses, one on each side, have produced sinuses. 

The fragments of shell found in one of the caves, retain their 
pearly matter, and appear to be those of an ostrea; but they are 
too small to present any satisfactory characters, not amounting 
to the bulk of a single valve. 

A more particular description of the bones, illustrated with 
drawings, succeeded the above observations. There are bones 
of about twelve oxen, with short conical horns, standing 
upright ; and larger than the medium size of the existing species 
ofthat genus. A few seem to belong to a deer, but this cannot 
be satisfactorily determined, as there is neither the head of the 
animal, its horns, nor its teeth. Some small bones of a young 
animal, apparently a calf or a fawn. The bones and teeth of 
about twelve horses, which must have been fourteen hands high. 
The bones of five or six hyenas, including two jaw-bones with 
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teeth. The bones of several wolves, of the same size as those 

of the existing species. The whole of these remains have been 

deposited in the Museum of the Royal College of Surgeons, by 

‘Sir E. Home. 
Some further particulars of the quarry and caves, by Mr. 

Whidbey, were appended to Mr. Clift’s paper. Mr. W. stated, 

that no more bones were likely to be discovered; for the rock 

containing the cayes was very nearly worked out; and he 

expressed his opinion, that no communication had existed 

between the caves and the surface of the country since the 

Flood. 
"Feb. 13.—A Tetter to the President from T. Young, MD. 

Foreign Secretary to the Society, was read: it related to Mr. 

Rumker’s rediscovery of Prof: Encker’s little triennial comet, 

near the place which the Professor had assigned to it by com- 

pution, Mr. Rumker first observed it on the 2d of June last, 

and it continued visible until the 23d, when it was lost in the 

light of the moon, and it could not afterwards be discovered. 

At this meeting, also, part ofa paper by Mr. Goldingham was 

ai relating to Experiments on the Velocity of Sound, made at 

adras. 

ARTICLE XV. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Splendid Meteor seen on Oct. 28, 1822. By Mr. Davenport. 

(To the Editor of the Annals of Philosophy.) 

SIR, London, Jan, 18, 1823. 

Will you allow me room in your publication to inquire whether any 

of your correspondents witnessed an extraordinarily fine meteor that 

appeared on the 28th of last October ? 

I was travelling northward on the Hastings’ road, and going slowly 

up Silver Hill, which is about 48 miles south-east of London, by.road 

measurement, at about half-past five on the above-mentioned day, the 

sky being clear, the moon shining bright, and nearly full, the sun 

below the horizon, but the twilight still strong; I saw on a sudden in 

the sky about north-east, a luminous ball, of fall one-third the apparent 

diameter of the full moon, giving a remarkably bright and white light. 

Its height above the horizon I consider to have been about 22°; ‘but 

being myself on a steep ascent, 1 could less easily judge of this. It 

passed towards the west in a horizontal direction, and the line of its 

motion, while I saw it, subtending an angle of above 20°, during about 

eight seconds of time. Unfortunatély, it passed behind a loaded 

waggon ; but as I pushed on to regain the view of it, I thought (but 

was not certain) that I saw a faint remainder of it for an instant. 

‘ If this meteor should have been observed from any distant place, so 
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that by comparison of the apparent motion, direction, and bearings, its 
height above the earth can be estimated, I will endeavour, when I re- 
visit the spot, to ascertain its relative bearings and apparent altitude 
with greater accuracy; as I can fix on the spot on the road from which 
I viewed it, and also on the objects in the line over which I traced it. 

Iam, Sir, your obedient servant, 
RIcHARD DAVENPORT. 

II. Analysis of the Ashes ejected from Vesuvius, during the late 
Eruption. By Prof. V. Pépé, of Naples. 

In ten ounces of these ashes, which correspond to 6000 grains, there 
are, according to this extraordinary analysis, 186 grains of saline sub- 
stances, viz. 

Sulphate of potash. .............. 94 
Sulphate OF SOM: i 0s, ovale) +m sh2 -<b%05e ~ 44 
Sulphate of lime........... tS. 57 
Sulphate of magnesia... .... sels wine LO 
Sulphate of alumina.............. 14 
Hydrochlorate of potash .......... 9 
Hydrochlorate of soda............ 31 

1803 
1a PS OR hae, ey oe 5+ 

186 

Oxide of aluminium............ 1800 
Oxide of calcium.............. 300 
Oxide of siliclum.......... Seon 40.0) 
Oxide of magnesium. .......... 300 
Tritoxide of iron...... v aivieh tea LOO 
ADUMIONY,.s sw 0's oo sistalag des 360 
Golds inwieWasinwh atilasaly a" 134 
PGI R nS. ie): A aha ain ‘ci Kiwibor Breed ahora + 

5966 
Bossizentivge tye sede Brae, j 34 

6000 

However scrupulously the distinguished Professor has occupied 
himself in the search of other substances, he has not been able to find 
any more !—(Giornale delle due Sicilie, Nov. 15, 1822.) 

II. Tutenag and White Copper of China. 

In the Annals for Sept. last, vol. iv. p. 236, we gave from No. 13 of 
the Edinburgh Philosophical Journal, Dr. Fyfe’s analysis of the tute- 
nag or white copper of China. In the original paper, Dr. F. com- 
mences with some remarks on the very different statements which have 
been made respecting the composition and origin of tutenag ; but it 
now appears that these may have arisen from the circumstance, that 
the two appellations have been applied promiscuously to two distinct 
substances. In No. 15 of the Edinburgh Journal are some observations 
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on the subject by Sir T. Dick Lauder, Bart. FRSE. in which he states, 
on the authority of a friend employed for many years in the trade 
between China and India, ‘ that the substance analyzed by Dr. Fyfe 
is not tutenag, but white copper, the properties of which are totally 
different; ” and he then proceeds as follows : 

‘‘ The white copper is used by the Chinese themselves, who are so 
jealous of permitting other nations to have it, that its exportation is 
contraband. In defiance of this, however, considerable quantities of it 
are smuggled out of the country, and introduced into India, where it is 
considered as a great present to the Hindoos, &c. who make domestic 
vessels of it. The tutenag, on the contrary, is an article of very 
extensive commerce between China and India; and my friend informs 
me, that it is sent from China in slabs, of which he has had occasion to 
buy and sell many thousands. The slabs are about eight or nine inches 
long, by about five and a half wide, and about five-eighths thick. Its 
colour is greyish; and it is not malleable, but so brittle that it is even 
necessary to use considerable caution in putting it on. ship-board, to 
prevent its being broken by one piece striking against another... The 
fracture has a glittering lustre, and somewhat resembles the appear- 
ance exhibited by that of bad iron; but the crystallization (if such a 
term may be employed) is larger.. It does not, ring, but emits a heavy 
clattering sound. It is employed by the natives of India as an alloy 
for copper, to make brass for their domestic utensils.” 

Articte XVI. 

NEW SCIENTIFIC BOOKS 

PREPARING FOR PUBLICATION, 

Dr. Baron, of Gloucester, has undertaken to write an Account of 
the Life of the late Dr. Jenner, and to arrange for publication the 
manuscripts of that distinguished character ; for which purpose all the 
documents in possession of the family, have been committed to his 
care. 

Mr. Thomas Clarke is preparing for publication a new System of 
Chemical Nomenclature, exhibiting not only the component Parts of 
Compound Substances, but also the precise Proportion of these 
Parts. 

Sir W. Gell has in the press, a Narrative of a Tour through the 
Morea, giving an Account of the present State of that Peninsula, and. 
its Inhabitants. 

JUST PUBLISHED. 

The Encyclopzdia Metropolitana, Part 8. 4to. Price 1/. 1s. 
An Inaugural Lecture on the Study of Chemistry, read at the Ash- 

molean Museum, Nov. 2, 1822. By Charles Daubeny, MD. FRS- 
MGS. Professor of Chemistry, and Fellow of Magdalen College, 
Oxford. 

The British Flower Garden. By Robert Sweet. No. I. with Four 
coloured Plates, from Drawings by E. D. Smith. Price 3s. 
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ArticLteE XVII. 

NEW PATENTS. 

H. Ibbotson, Sheffield, fender-manufacturer, for a fender capable of 
being extended or contracted in length, so as to fit fire-places of differ- 
ent dimensions.—Nov. 28. 

J. Dixon, Wolverhampton, Staffordshire, brass-founder, for im- 
provements on cocks, such as are used for drawing off liquids— 
Nov. 28. 

J. Woollams, Wells, Somersetshire, land agent, for improvements in 
wheeled carriages.—Deec. 5. 

W. Robson, St. Dunstan’s-hill, Tower-street, printer and stationer, 
for a method to prevent or protect against fraudulent practices upon 
bankers’ checks, bills of exchange, and various species of mercantile, 
commercial, and other correspondence.— Dec. 10. 

J. Perkins, Fleet-street, late of Philadelphia, engineer, for improve-~ 
ments in steam-engines. Communicated to him by a foréigner.— 
Dec. 10, 

S. Parker, Argyle-street, Westminster, bronzist, for improvements 
in the construction of lamps.—Dec. 10. 

W. Bundy, Fulham, Middlesex, mathematical instrument maker, 
for a machine for breaking, cleaning, and preparing, flax, hemp, and 
other vegetable substances containing fibre.—Dec. 16. 

T. B. W. Dudley, King-street, Westminster, mechanist, for a 
method of making or manufacturing malleable cast-metal shoes for 
draft and riding horses, and other animals, upon a new and improved 
plan or principle.—Dec. 16. 

J. Nicholson, Brook-street, Lambeth, engineer, for apparatus for 
the more conveniently applying heat to certain instruments of domestic 
use.— Dec. 16. 

J. Dumbell, Howley House, Warrington, Lancashire, merchant, for 
improvements relative to carriages —Dec. 16. 

J. Bainbridge, Bread-street, Cheapside, merchant, for improvements 
on rotatory steam-engines. Communicated to him by Amos Thayer, 
jun. of Albany, America, mechanist.—Dec. 16. 

- M. Wilks, Dartford, Kent, seed-crusher, for anew method of refin- 
ing oil produced from seed.—Dec. 20. 

- T. Linley, Sheffield, Yorkshire, bellows-maker, for a method of 
increasing the force or power of bellows.—Dec. 20. 

Sir J. Jelf, Oaklans, Gloucestershire, for a combination of machinery 
for working and ornamenting marble and other stone for jams, mantles, 
chimney-pieces, and other purposes.—Dec. 20. 

. J. I. Hawkins, Pentonville, civil engineer, and S. Mordan, Union- 
street, City-road, portable pen-maker, for improvements on pencil- 
holders, or port crayons, and on pens, for the purpose of facilitating 
writing and drawing.—Dec. 20. 
. W. Pass, Curtain-road, Shoreditch, dyer, for an improvement in 
calcining and smelting of various descriptions of ores.—Dec. 20. 
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ArticLte XVIII. 

METEOROLOGICAL TABLE. 

—— 

BAromETER.| THERMOMETER, 
; Daniell’s hyg. 

1823. Wind. | Max. | Min. Max. | Min. | Evap. |Rain.| . at noon. 
aa 

ist Mon. 
Jan, 1} Var. |29°94/29°91 

2S E/30:02|29°94| 44 36 _ 25 
3'S _ E}30°02|29°93| 44 36 —i— 
AS E/29-93/29°91| 40 37 os 26 
51S  E/30-03/29:91| 43 37 _ 25 
6| S  |30°25'30°03] 45 35 — 
7IN —-E/30°30/30°25| 41 32 wey 
S\N __E/30°25/30'16} +40 20 ae 
oIN _E\30'16130-05|} 32 Q1 a 

10 E_ |30:07|30°05| 33 23 — 
11/IN —_E)30:09|30-08} 31 22 — 
12IN _E/30°08|29°88} 30 19 tone 
13|N.  Ei29°S$/29-78] -30 15 met [oe 
14 E_ |29°78|29'48) 31 14 ses 
ISIN ——-E}29°55/29°48] 31 20 setetod ia 
16|N W/)29°58|29°55| 34 26 — |— 
17|N W/29°58/29°57| 34 26 cS 
18|N W(29°69\29°57| 34 6 — 
19|S W/29'89\29°69| 19 4, — 
20\N W/\30-05|29°89| 32 19 2 aaah 
21\N  E30°13|30:05| 33 22 ~ 
22IN _E/30°13|30°02| 28 20 a 
23} E  |30°02|29°96| 27 21 = 
24,N _E'50°01|29'96) 30 20 — 
25| E  |30°01/29°98| 28 22 — | — 
26\N _E}29°98)29°89} 31 25 ans 
27'S — E/29°89/29°68| 40 29 — |— 
28'S W/29'68}29'33) 46 42 — | 1-05 
29/8‘ E/29°56/29'33, 50 | 39 | — | o4 
305  W(29°56/29°34) 46 40 ee ye 
31) E  |29:34/28°97| 41 37 42} 20 

$0°30128:97, 50 4 | 42 12°05 

The observations in each line of the table apply to a period of twenty-four hours, 
beginning at 9 A.M. on the day indicated in the first column. A dash denotes that, 
the result is included in the next following observation. , 
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REMARKS. 

First Month.—1. Cloudy. 2. A gentle thaw with some rain. 3. Fine. 
4, Cloudy. 5, Rainy. 6—8. Fine. 9. Hoar frost: fine. 10. Cloudy. 11. Fine: 

afternoon overcast. 12. Bleak. 13. Some snow this morning. 14. Fine. 15. Ina 

heavy snow which commenced this morning, a flock of some hundreds of wild geese 

passed over us about I1, a.m. steering their course to the east. The snow fell to about 
four inches depth on the level. 16. Some snow at 10, p.m. 17, Cloudy. 

18—20. Much rime on the trees; which, being rather loosely attached, a part fell as it 

collected, forming a regular snow shower under the trees: the latter nevertheless 

retained at length a sufficient quantity of the icy foliage to enable them to cast a full 

shadow on the ground as in summer, which had altogether a singular appearance. 

21. Fine, 22—24. Cloudy. 25. It began to snow at three, p m. and the fall conti- 

nuing through all the night, covered the ground to five or six inches on the level, 

26. Cloudy. 27. Some hail at nine, a. m, followed by rain, whick continued till near 

four, p.m, 28, Rain, 29—31. Cloudy. During the intense cold of the month, 

much ice accumulated in the Thames, the navigation of which was for some considerable 

time suspended for the smaller vessels. The feathered tribes exhibited in various ways 

the appearance of distress usual with them on such occasions by changing their quarters, 
and seeking food nearer than usual to the houses and villages. 

RESULTS. 

Winds: NE, 11; E,5; SE,6; S,1; SW,3; NW,4; Var. 1. 

Barometer: Mean height 

For the month, .....0.edecoscvcccsecececccasccecs. 29°854 inches, 

For the lunar period, ending the 4th .........02....- 30°287 

For 13 days, ending the 2d (moon north) .......... 30°239 

For 14 days, ending the 16th (moon south)......... - 29°946 

For 13 days, ending the 29th (moon north)... ....+.+. 29°828 

Thermometer: Mean height 

For'the month. ..\... is\..000sddeei dbteeis ele inedsees SUGE9° 

Forthe lunar period wa.soc nese scccauepsansticn an spmecl CRanD 

For 30 days, the sun in Capricorn ......seee+eee0-++ 29°383 

Evaporation. .. Peewee eres es srsesese reste eer ser Fes teereresssse® 0-42 in. 

Rain. PTR OHS EEOC CREF ERED AEE EE HEH Coes sineesreesEseEeEeeere 2-05 

Laboratory, Stratford, Second Month, 22, 1823. R. HOWARD. 
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Articie I. 

Description of a new Mineral. By Mr. A. Levy, MA. of the 
University of Paris. 

(To the Editor of the Annals of Philosophy.) 

SIR, Great Russell-street, Bloomsbury, March 3, 1823. - 

I sHALt again beg the favour of your inserting in the Annals 
of Philosophy the crystallographical description of a mineral 
which I cannot refer to any substance whose primary form has 
been determined hitherto. It occurs in small brilliant yellowish- 

brown crystals, with adularia and lamellary crichtonite, and 
comes from Dauphiny. On account of its colour, accompani- 

ment, and locality, it has been classed with sphene; but as it 

will appear from what follows, it differs essentially from this last 
substance. Its hardness is much less than that of sphene ; it 

cleaves very easily in one direction, and the face of cleavage is 
perfectly brilliant. The primary 
form is an oblique rhombic prism, 
fig. 1, in which the incidence of 
the two lateral planes m, m, is 
96° 10’, that of the base p on one 
of the lateral planes 99° 40’, and 
the ratio between one side of the 
base and one of the lateral edges 
nearly that of 10 to7. he pri- 
mary form of sphene is also an 
oblique rhombic prism, but its 
dimensions are different. The 
incidence of the two _ lateral 

New Series, vou. v. R 
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planes is 137° 5’, and that of the base on one of the lateral 
planes 94° 3’. Sphene presents in the series of its secondary 
forms many oblique rhombic prisms, the lateral planes of which 
are produced by modifications either on the lateral edges, two 
of the sides of the base, or the lateral angles; and the base is, 
either the base of the primary or some secondary plane produced 
by a decrement on the angles a oro. None of these secondary 
oblique rhombic prisms that | have observed, nor any of those 
mentioned by Mr. Rose in the excellent paperon sphene, he has 
published at Berlin, have their planes inclined at the same 
angles as those of the primary of the substance I am describing. 
The secondary oblique prisms of this substance do not either 
in their measurements correspond with any of the oblique rhon- 
bic prisms of sphene. I have also tried whether I could not 
deduce by some law of decrement, the form of this new sub- 
stance from the primary of sphene, and I have found it was not 
possible without assuming very complicated laws. I believe, 
therefore, I am entitled to consider it as a new species. Mr. 
Heuland has proposed to me to call it Turnerzte, from the name 
of the gentleman in whose collection it was first noticed as a 
distinct species. This tribute is certainly well due to Mr. Tur- 
ner, who has undertaken with so much readiness and liberality 
the publication of a detailed description of his most valuable 
collection. This new substance is very scarce, and besides the 
specimen where I have observed it, Mr. Heuland knows but one 
more in England. I could only detach a single crystal of it, and, 
therefore, could not attempt to determine its specific gravity, or 
to have it analysed. I hope the observations I have made may 
induce some others to examine the physical and chemical pro- 
erties of this substance, should they be able to procure it, and 
it is partly for this motive I publish them now. 

The form of the crys- 
tal I have examined is Fig. 2. 
represented, fig. 2; its 29 yp 
lanes were sufficiently SI SS 

brilliant to measure the “4.3 
incidences of any two 
of them. The reasons 
for which I took the 
planes m, m, in prefer- 
ence to the planes mark- 

ed ae for the lateral : ie ory fe 
planes of the primary : ie 
form, are obviously, that 
in the hypothesis I have 
made, the planes g°, h’, 
are the result of simple decrements on the lateral edges of the 
primary, and that in the other supposition, they would have 
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been the result of intermediary decrements. For a similar 
reason relative to the face e,, I have determined the ratio 
between the lateral edge and one side of the base by assuming 
e’ to be the result of a decrement by one row on the lateral 
angles of the base. The cleavage I have mentioned before is 
parallel to a plane passing by the two small diagonals of the 
bases. The decrements which produce the other faces are 
indicated by the signs written upon them ; and their incidences 
upon p or m are as follow: 

Incidence on m. Incidence on p. 

Wh ek dence” 96°. 10 SIRS oH app 
BF ee eo 1D cD Aeetiyd or RINGO 
De seualcitta st» » MU esis ge Lee. see 
uk. Mega pate se ha oie OM, oO aad etd | cae 
BEM Se Se Lies Sistas 0 coe ek 155. 17 
a AE Ae cl ~ M47SA ee. LTO TI 
ae. ak ee AL 7 Bh 
DE ira yiare oe ON i i te pe tee. + OY 
Tanah debe ninduanslt ay LO. aa 
ibs eet ees gael. cs 

eeeeeeseveeer 131 65 eeeeesrt 90 0 

It will not be, perhaps, useless to remark, that in the oblique 
rhombic prism I have adopted for the primary form, the line 
joining the angle o with its opposite is not perpendicular to the 
edge A. A perpendicular drawn from o upon the edge opposed 
to / would cut that line at a distance from a, a little less than the 
two-thirds of the length I have assigned to it. 

I am, yours, &c. A. Levy. 

Artice II. 

Researches into the Mathematical Principles of Chemical Philo- 
sophy. By the Rev. J. B. Emmett. 

(Concluded from vol. iii. N.S. p. 433.) 

Great Ouscburn, Feb. 22, 1823. 

Sect. II. On the Construction of Liquids. 
Lemma 1.—When the repulsive force of heat in a solid 

exceeds the force of cohesion, its particles will be separated 
from each other, 
Lemma 2.—If there be two curves having a common axis, 

and on the same side of it, whose ordinates are inversely as 
some given powers of their abscisse ; that curve whose ordi- 

R2 



244 Rev. J. B. Emmett on the [APRIL, 

nates vary inversely as the highest power of the abscissa, will 
either lie wholly between the other curve and the common axis, 
or will intersect it in one point. 

Lemma 3.—If the force of attraction vary inversely as any 

power of the distance, and there be two equal and parallel 
planes; when the distance between them is very small, their 
mutual attraction varies as the same power of the distance 
inversely, the force belonging to the surface only. 

This follows from lib. 1, Prop. 90, Newt. Princip. by placing 

instead of a corpuscle at P, a plane parallel to D L, and making 
the distance A P very small. 

Cor. 1.—If the force of such planes be finite at any finite 
distance, it will be infinite in contact. 

Cor. 2.—The same applies to spheres of indefinitely small 
magnitude, the force belonging to the surface only ; in contact 
it will not be infinite. 

Prop. I. 

When the particles of a solid are separated by the force of 

heat, they remove to such a distance from each other, that the 

force of attraction at that distance balances that of repulsion, 
and the body becomes fluid. 

Let AC be two equal 
and similar particles of 
matter; while they are in 
contact with each other, 
the force of cohesion ex- 
ceeds that of repulsion; 
let the repulsive force of 
heat be increased until it 
overcomes the cohesion; 
the particles will separate 
(Lemma 1), but the force of, cohesion is indefinitely greater than 
the attraction of the particles at the least possible distance, and 
vanishes when contact of the particles ceases ; therefore A and 
C become repulsive. Join A C, and bisect A C in B; describe 
the curve D F H such that its ordinates are as the forces of 
attraction at the distances represented by their respective 
abscisse ; at K erect the perpendicular E K, and D K is the 
entire force of attraction at K, except cohesion. Take E K to 
DK, as the force of repulsion in contact is to that of attraction, 
and describe the curve E F I such, that its ordinates F G are 
always as the force of repulsion; that is, as the density of the 
calorific atmospheres at 6; this curve approaches A C more 
rapidly than the former, but E K is by the hypothesis greater 
than D K; therefore (Lemma 2), the curves will intersect each 
other, or the forces will be equal at some given point F; let fall 
the perpendicular F' G, and the particles will be in equilibrio at 
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the distance K G; for at G the ordinates of the two curves are 
equal; therefore, the opposite forces are equal to each other: 
also between G and K the force is repulsive; beyond K, it is 
centripetal ; therefore, the temperature being uniform, the dist- 
ance between the particles can be only K G, and they are there 
in equilibrio between two opposite forces; therefore, they have 
perfect freedom of motion round each other; and a number of 
such particles will constitute a liquid. Q. E. D. 

Cor.—Under atmospherical pressure, the distance KG will 
be diminished, so that the excess of the force of repulsion above 
that of attraction shall equal the pressure. 

Prop. II. 
To find the order of arrangement of the particles of a liquid. 

Let there be a system of detached particles, B, C, A, F, Xe. ; 
join their centres BC, C A, AB, &c.; arrange them so that the 
lines BC, C A, A E, &c. which join the centres of contiguous 
particles may form squares B A, C F, &c. By the nature of the 
figure, A is surrounded by the greatest possible number of par- 
ticles under the given arrangement. Suppose the forces acting 
between B and C, C and A, Aand E, &c. mutually to balance 
each other, then A and B, C and E, &c attract each other 
(Prop. I.) ; and since A Bis equal to CE, the arrangement of the 
system may remain ; but if by any disturbing force, B be brought 
nearer to A, since the distances B C, C A, &c. must remain per- 
manent, B will continually approach towards A; E and C must 
recede from each other, until their mutual attracting forces 
balance their repulsion ; 1. e. when B A is equal to C A, when 
also C E is equal to 2 C A; consequently when the triangles 
BCA, BE A, are equilateral. Similarly, since the position of 
C is changed, the equilibrium of C D F A is destroyed, and the 
particles D and F will assume the same order of arrangement; 
and the same change must take place throughout the whole 
system. Again: by the same reasoning, if Band A, C and E, 
are in equilibrio, Band C, C and A, &c. will be mutually repel- 
lent; and finally, if disturbed, assume the same order. There- 
fore, their arrangement a, b, c, d, &c. becomes such that the 
straight lines a b, bc, c a, &c. joining their centres, form equila- 
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teral triangles, in which equilibrium is preserved ; for since the 
particles are equal and similar, and a, 6, mutually balance each 
other, 6 and c, c and a, are in equilibrio ; and if ¢ be brought 
nearer to 6 or a, itis repelled (Prop. I.) ; if removed to a greater 
distance, it is attracted; therefore the triangles a bc, ac e, &c. 
will be equilateral. Q.E.D. 

Prop. JI. 

Liquids will be expanded by heat and contracted by cold. 
It has been demonstrated in a former paper that by increasing 

the heat, the repulsive force of every calorific atmosphere 1s 
increased ; and upon the surface of a particle of a liquid, it 
exceeds the force of attraction. Hence (Lemma 2), the distance 
of the point in which the forces are in equilibrio is increased ; 
therefore the particles separate. Conversely, diminish the heat, 
and the particles approach, or, in other words, the yolume con- 
tracts. Q.E.D. 

Prop. IV. 

Solids absorb heat during fusion. 
By Prop. 1, the particles separate during fusion ; hence the 

calorific atmospheres are enlarged, and particularly where they 
are most dense; therefore, caloric will be absorbed. Q.E. D. 

Cor. 1.—Hence, during fusion, some bodies will absorb more 
heat than others. 

Cor. 2.—The proportionate quantities absorbed during the 
fusion of different solids are measured not by equal weights, but 
by weights which are proportional to the atomic weights. 

Cor. 3.—Hence solids fuse gradually, and the temperature 
remains constant during fusion. 

Cor. 4.—Hence the temperature of a solid cannot be elevated 
above a certain point. 

Cor. 5.—Hence the reason of the operation of that class of 
frigorific mixtures which depends upon the solution of crystals 
of saline matter. 

Prop. V. 

Some bodies expand, others contract, during fusion. 

Let A, B, C, D, be four particles of a solid; join their centres, 
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and from A, let fall the perpendicular A E; let the angle ADC 
be that which the parallelogram has, when the particles are on 

the point of separating from each other. When they have sepa- 
rated, as a, 6, c, d, the angles are 60° and 120° respectively 

(Prop. II.) ; let fg be the distance to which they separate (the 

liquid having the same temperature as the fusing solid) ; from 6 

let fall the perpendicular 6 e, which bisects g f and ¢ d. 

The solid ABCD: solid abcd:: DC x AE*:dc x be’, 

orasAD x AE*?: SAD + fgt x be; but be:bcima 

constant ratio; let be = *s ; that is = arise fg ; therefore, so- 

lid ABCD: solidabcd::AD x AE:: AD + feF Now 

AD x A E? may have any value between A D® and ar : 

SEER id which may be greater while vedlenata ta is always 

or less than the former according to the value of f g; therefore, 

since these quantities admit of indefinite variation, some bodies 
will expand, and others contract. Q. E. D. 

Prop. VI. 

Liquids will be attracted by solids. 
It has been proved (Prop. I), that beyond a certain distance, 

the entire force exerted by the particles of a liquid is centripetal ; 
at all distances the centripetal force of the particles of a solid 

exceeds the repulsive; therefore, the two will attract each 

other. Q. E. D. 
Cor. 1.—If the mutual attraction of the particles of a liquid 

exceeds their tendency to a solid, a small drop will retain nearly 
a spherical figure upon the surface of that solid. 

Cor, 2.—If the mutual attraction of the particles of the liquid 
be less than their attraction to the solid, the drop will spread 
upon its surface. 

Cor. 3.—Hence in Cor. 1, a small mass ofa solid specifically 
heavier than a liquid may be made to float upon its surface. 

Cor. 4.—If two drops of a liquid, constituted as in Cor. 1, be 

placed upon a horizontal polished surface, and very near toge- 
ther, they will attract each other and unite. 

Cor. 5.—If two liquids be mixed, of which the similar parti- 

cles attract each other more powerfully than the dissimilar, and 

which differ in specific gravity, they wiil separate again. 

Prop. VII. 

If a porous solid be moistened with a liquid, the liquid will 

cause expansion of the solid; and if equal solids be taken, hav- 

ing unequal pores, the entire expansive forces upon equal sur- 

faces will be inversely as the diameters of the pores; the solid 
being insoluble. 
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Let ABC D bea capillary pore in any solid; «A B 

take E any point within it; immerse the solid 
in the liquid ; it attracts those parts of the liquid 
which are within a certain minute distance from 
the surface ; these parts tend to enter at E; and 
since the force of attraction is inversely as the pb Cc 
square of the distance, and all liquids are incom- 
pressible, or indefinitely nearly so, the tendency a b 
will be inversely as the distance of E, and the 
whole force upon one side of that pore will be as 
that side directly and its distance from E a e 
inversely.. Take a bcd similar to A BC D, and 
e similarly situated to E; the tendency of the liquid to enter at 
E: that ate:: a6: A B; but the area of one side A B : area of 
one a b:: A B?: a 6°; therefore the whole force upon the side 
A B: that upon a 6:: A B: ab: now if equal solids be taken, 
the number of such pores contained under equal sections will be 
inversely as the square of the homologous lines of those pores ; 
hence the whole expansive force acting upon equal surfaces. will 
be inversely as the diameters of the pores. Q. E. D. 

Cor. 1.—In different substances, the force will be as the 
actual attraction existing between them and the liquid directly, 
and the magnitude of the pores inversely. 

Cor. 2.—When an insoluble solid is immersed in a fluid, if the 
tendency of the liquid to enter its pores be greater than its cohe- 
sive force, its parts will be separated. 

Scholium. 

By Lemma 2, we may see the reason why corpuscular forces 
are so great as they are found to be, and why the forces are cor- 
puscular. The demonstration of this and several other parts is 
omitted for the sake of brevity, and they will subsequently 
appear as a separate work in an enlarged form. From this the 
reason is evident why an elastic fluid of so amazingly great 
rarity as caloric can produce the observed powerful effects; for 
distances from the surface of a particle being taken in harmonial 
progression, the repulsive force of the calorific atmosphere 
decreases in geometrical progression, and therefore distances 
may be found, such, that this may equal any finite force. Upon 
the same principle depends the immense force of water when 
admitted into the capillary apertures of porous solids. 

Other curious phenomena admit of easy solution. From the 
great tenacity of melted glass, it appears that the utmost limit of 
expansion is produced before the glass is melted ; that is, when 
the angles A, B, C, D (Prop. V.) have become right angles, the 
particles are yet preserved in contact by a powerful cohesive 
force. On account of this tenacity and the great rapidity with 
which it increases as the temperature is reduced, the particles 
cannot readily yield to any force which may be impressed upon 
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them; if the glass be unannealed, i. e. allowed to cool rapidly, 
it hardens rapidly, and the particles cannot return to that 
position in which they would be placed were the cooling very 
gradual: hence, from a former paper, the particles may have 
the same position when cold which they had in a fluid state ; 
but if the place of one particle be disturbed, the equilibrium of 
the whole system will be destroyed, and the mass, however 
large, will be broken to pieces, by the action of a small piece of 
any hard matter: hence the peculiar properties of bottles of 
unannealed glass, Prince Rupert’s drops, &c. Also, owing to 
the great tenacity of glass at the annealing temperature, by that 
process, the particles can never assume that position in which: 
their attracting forces tend to place them ; hence then they will 
always have a tendency to change, when the situation of a part 
is altered; the cutting diamond may depend upon this prin- 
ciple. 
"The mechanical properties of liquids prove that the repulsive 

force of heat decreases more rapidly than the centripetal force. 
The parts of a liquid have perfect freedom of motion, therefore 
the particles cannot touch each other ; since they are at a cer- 
tain distance from each other, which is permanent, the tempera- 
ture being constant, they must be in equilibrio between two 
opposite forces, which are equal at that distance. If the force 
of repulsion vary less rapidly than the other, there may be a 
distance at which the two forces are equal ; but if two particles 
under such circumstances be disturbed, the equilibrium is 
destroyed, and, if brought nearer, they will come into contact ; 
if removed to a greater distance, they will separate indefinitely, 
which is contrary to the fact: if the force of repulsion vary 
most rapidly, both forces, Prop. I. will tend to that point, so 
that the particles can be only at that distance from each other. 
Again: if the repulsive force vary less rapidly than the other, 
increase of heat would cause contraction, and vice versd, which 
is absurd, 

Cor. 2, Prop. VII. shows why dry unbaked clay, white lead, 
prussian blue, and many other solids, insoluble in water, are 
reduced to a paste when immersed in it; these substances are 
well known to be sensibly porous, and itis evident that the force 
with which the water tends to enter into and expand the pores, 
exceeds the cohesive force of those solids. 

The tenacity of moist clay results from a similar cause. Clay 
also will contract permanently by the application of heat. By 
the first application of heat, the water contained in the clay will 
be expelled: it is then filled with minute pores ; if the tempera- 
ture be increased, the force of cohesion is considerably dimi- 
nished, and the sides of the pores will have a tendency to 
approach each other; consequently the volume will contract, 
and the contraction will be permanent. 
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Sect. III. On Gaseous Bodies. 

Lemma. 

In distances from the particles 
of bodies, such, that the in- 
crease of density of the sur- 
rounding caloric is very small 
compared with its entire density. 
‘If the force of attraction vary 
inversely as the nth power of 
the distance, and the elastic 
force of caloric be as its density, 
the repulsive force of the calo- 
rific atmosphere will be inverse- 
ly as the n — lth power of the 
distance. 

Let APQ be a particle of Q 
matter ; produce the radius AS 
indefinitely ; describe the curve 
D LI, such that its ordinates B D, K L, &c. perpendicular to 
B §, shall be proportional to the force of attraction at B, K, &c. 
Let this particle be immersed in an uniformly diffused elastic 
medium, whose density is BF; at remote distances A, K, the 
pressure on K: pressure on kk ::S 4:8 K. 

Through the point F draw FH parallel to BS, and if the 
medium were not attracted by A PQ, its density at all points 
A, K, B, &c, would be equalto B F. Take C indefinitely near 
to B; the specific gravity of the elastic medium at B is as B D 
x BF; therefore its pressure at Cisas BD x BF x BC; 
if this pressure be indefinitely less than the whole elastic force 
of the fluid, its density will be increased by this pressure, by a 
quantity which is indefinitely small, compared with the whole 
density, or the fluid may be considered as incompressible by 
the force acting upon it. At the point K, let the density K M 
be increased by the superincumbent pressure, by the quantity 
M O, and let M O be very small compared with K M; through 
k draw k o parallel to K O, and O 0 parallel to K k; the evanes- 
cent area K m will be less than the evanescent area K o by the 
indefinitely small area M 0; therefore the pressureK L x KM 
x K’& is less than the pressure KL x KO x Kk by the 
quantity K L x MO x Kk, which is indefinitely small when 
compared with either; therefore the pressure at / will be inde- 
finitely nearly equal to the sum of all the several pressures K L 
x Kk x BF, CE x BC x BF, &c.; that is, as the area 

kBDIx BE, Let the force of attraction be as ;~ and the 
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lines LD, SB, be produced infinitely ; the area k BD lis as 
1 

A Kes Q. 1a D. 

Cor. 1.—If the force of attraction be inversely as the square 

of the distance, the force is as ehh 

Cor. 2.—The greater AK is taken, the nearer will this 
approximate to the truth. 

Cor. 3.—If at equal distances the forces of different particles 

be different, the areas B D K L at those distances will be as 

those forces. 
Cor.4.—If the density of the medium vary, the area BD KL 

will be as that density. 
Cor.5.—If different particles be placed in similarly constituted 

media of different densities, the areas B DK L at equal distances 

will be as their forces of attraction and the densities of the 

media. 

Prop. I. 

When a liquid has attained a certain temperature, its particles 
become mutually repulsive, and it becomes gaseous. 

Let QRB be a par- 
ticle of matter, A its 
centre; draw the right 
line AC; and at B 
draw the tangent BD. 
Describe the curve 
E MP, such, that its 
ordinates FH, MI, 
&c. may be propor- 
tional to the force of 
attraction at the dist- 
ances BH, BI, &c. In 
liquids, the force of 
repulsion exceeds that of attraction on the surface (Sect. 2, 
Prop. 1). Take B D to represent the force of repulsion, and 
let the curve DS GO be such that its ordinates are as the 
forces of repulsion at the half distance of their abscisse. 
Within a certaia distance of B, the curve DSGO will approach 
the axis more rapidly than EF M, and will, therefore, intersect 
it in some point F (Lemma 3, Sect. 2); therefore at H, the 
forces will balance each other. Beyond a certain distance, the 
curve DS GO will approach the axis less rapidly than D F M 
(Sect 3, Lemma), and will, therefore, intersect it in some other 
point G. Increase the heat, and the points H and K will conti- 
nually approach each other, until, at a certain temperature, they 
meet in some point 1; draw the perpendicular | M, and the 
curve DS G O, i.e. at a higher temperature L M N is a tangent 
to the curve EF MP at M; hence between B and I the force 
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is wholly repulsive; at I evanescent; beyond I repulsive a 
infinitum. If the heat be increased by the smallest possible 
quantity, the particles must separate until the force of repulsion 
is balanced by some external force. Q. E. D. 

Cor. 1.—Under the pressure of the atmosphere or any other 
external compression, a liquid will become gaseous at a higher 
temperature than in vacuo. 

Cor. 2.—The greater this pressure is, the higher will be the 
temperature required. 

Cor. 3.—Some bodies may become gaseous, without previously 
entering into a state of fusion; for H and K may coincide before 
cohesion is destroyed. 

Cor. 4.—Such bodies may be fused under a strong pressure. 
Cor. 5.—A liquid boils in vacuo, when H and K comcide. 
Cor. 6.—Under pressure, at the point M, the boiling point is 

attained when the repulsive force exceeds the centripetal by a 
quantity equal to the compressing force. 

Cor.7.—The temperature of a boiling liquid is the same as 
that of the disengaged vapour. ; 

Prop. II. 

Caloric is absorbed during evaporation. 
From the ratio between the specific gravities of the same 

body in a solid or liquid, and in a gaseous state, it is evident 
that in the latter, the particles are separated to a great distance 
from each other; therefore their calorific atmospheres are 
enlarged, and heat is absorbed. Q.E.D. 

Cor. 1.—The specific heat of any body is greater when it is 
elastic, than when in a solid or liquid state. 

Cor. 2.—Hence the action of frigorific processes which depend 
upon evaporation. 

Cor. 3.—Heat will be evolved when a gas is resolved into a 
liquid or solid state. 

Prop. III. 

At agiven temperature, the elastic force of a gas will be nearly 
inversely as its volume. 

By Lemma J, Sect. 3, the elas- 
tic force of a particle of a gas is 
inversely as the distance from its 
surface ; therefore, neglecting the 
force with which the particles at- 
tract each other, the elastic force 
of a gas will be inversely as its 
volume; for let A, B, C, D, &c. 
be a number of particles of a gas, 
they are equal and at all equal 
distances, their forces are equal, 
by the hypothesis. Bisect the 
distance F G in H, and join D H; then, since F H is equal to 
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H G, the elastic force of the atmosphere of F is equal to that of 
G in the point H. Bisect D F in K, and through K draw L M 
at right angles to it, which will cut DI, DH, in Land M; join 
LF, FM; then, since D K, K FP, are equal, the atmospheres of 
D and F are equally elastic at that point; because D L is equal 
to F L, they are equally dense at L; also at M; or if any other 
point 2 be taken in L M, and D n, F 7 be joined, the forces will 
be equal at that point; and if the solid figure be taken, the 
elastic forces of the atmospheres of D and F will be equal in 
every point of the hexagonal plane passing through K, to which 
D F is perpendicular; therefore, the entire repulsion between 
those particles takes place in that plane; and the same may be 
roved of ail the other particles; therefore, since the angles 
LFK, KF M, are constant, as the density varies, all the lines 
LF, F K, L D, &c. have to each other a constant ratio ; and by 
Sect. 3, Lemma, density at K : that at M in a constant ratio, 
and since the elastic force at K is inversely as K F, that at L is 
inversely as K F, and the same may be proved of the entire 
repulsive force; therefore, the entire repulsive force between the 
two particles D and F will be inversely as D F; therefore, by 
Newton’s Princip. lib. 2, Prop. 23, the elastic force of the gas 
will be inversely as the volume. Q. E. D. 

Cor. 1.—If the compression be such that the force of attrac- 
tion between the particles produce any sensible effect, having 
given the ratio of the forces at any given distance, the force will 

be ass, = = each term being multiplied by the force at that 

given distance. 
Cor. 2.—If the gas be highly compressed, its elastic force will 

increase in a higher inverse ratio than that of its volume. 

Scholium. 

If the force of attraction vary inversely as the cube of the dist- 
ance, the cube of the compressing force will be as the fourth 
power of the density. Ifthe force of attraction be as the fourth 
power of the distance inversely, the cube of the compressing 
force will be as the filth power of the density. 

Pror. IV. 

Gases will be expanded by heat, and contracted by cold, their 
elastic force being constant. 

Let the elastic force of a confined portion of a gas be balanced 
by the pressure of the air; heat it, and the elastic force of the 
calorific atmospheres of its particles will be increased; therefore, 
the particles will have a tendency to separate from each other; 
the gas will expand ; but the force of each particle is inversely 
as the distance ; therefore, a distance will be found, such, that 
the gas will again be in equilibrio with the external air, and con- 
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sequently the expansion will proceed until this distance is 
attained. The converse will take place by cooling. Q. E, D. 

Prop. V. 

The elastic force being constant, the change, produced in 
equal volumes of different 
gases by the same variation ‘H 
of temperature, will be equal. 

Let A D be the radius of zr 
a particle of a gas produced ; 
let EFG be the curve whose T 
ordinates represent the force 

of attraction at the distances fi K 

of their respective abscisse ; G 
these multiplied into the “A 5B © a 
density of the surrounding caloric give the density of the caloric 
at those points; therefore the pressure at Bis as the area 
EFGDB. Let the density of the surrounding caloric be 
increased, and be to its former density as n: 1; represent this 
by the curve HIK; thenthe area BEGD: area BAK D:: 1: 
and area BH K D: area CIK D:: AC: A B; therefore, the 
area BEGD:areaCIKD:: AC:nA B. 

Let the area BEG D be equalto the area CIK D; thenAC 
=n.ABorAC:AB::u: 1; or the distance between the 
particles will be as the change of temperature, force of attraction 
being neglected. Q. E. D. 

Cor.—If D be the density of caloric, or true temperature from 
zero, the volume of a gas will be as D’, when the particles are 
so distant that the compression of the caloric bears an insensible 
ratio to its whole density. 

Scholium. 

Hence may be established a remarkable difference between 
gases and vapours; in the former great elastic force remains at 
a temperature at which the latter become liquid or solid; there- 
fore in gases the deviation from the laws of expansion will be 
much less than in vapours ; in the latter, there will be variations, 
hereafter to be investigated, which will be the greatest in the 
least volatile matters. 

Prop. VI. 

Heat will be evolved by the sudden compression of a gas or 
vapour; for by compression the calorific atmospheres of the. 
particles are diminished ; therefore, part of the heat which was 
latent becomes sensible. Q.E. D. 

Cor.—Cold results from the sudden rarefaction of gaseous 
matter. . 
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Prope. VII. 

Gases are attracted by solids or liquids, whether they do or 

do not exert on them any chemical action. on 

From the nature of attraction, the particles of a gas when 

indefinitely near the surface of solid or liquid matter, will tend 

to it; therefore upon the surface of every substance which is 

surrounded by any gas or vapour, there will be an atmosphere 

of that gas or vapour, of very small extent, whose density is 

ereater than that of the surrounding medium, whose increased 

elastic force is balanced by that of the surrounding medium, a
nd 

its tendency to the body. Q.E. D. 

Cor. 1.—-Hence bodies which are filled with minute pores will 

absorb large quantities of gaseous matter. 

Cor. 2.—-Hence liquids will contain air for which they may 

have no chemical attraction. 

Cor. 8.—The rays of light will be refracted and dispersed by 

_passing near the surface of any solid; this will be distinct from 

inflection. 
Cor. 4.—When a dry porous body, freed from air, is brought 

into any gas or vapour, its temperature will be increased. 

Cor. 5._-All bodies may be more or less perfectly freed from 

air by being heated, or placed under an exhausted receiver. 

Scholium. 

Prop. 6 and 7 explain some curious phenomena. Charcoal 

and other very dry porous substances absorb a large quantity of 

any gas or vapour in which they are immersed, the volume of 

as absorbed being many times greater than that of the solid; 

oo. very dry impalpable powders cannot be readily mixed 

with liquids, Hence also during the absorption of a gas by a 

porous solid, heat will be evolved, and upon this principle, the 

common pyrophorus seems to act. 

General Remarks upon Chemical Attraction. 

Chemical attraction is distinguished from that which produces 

mere mechanical effects, by many remarkable differences in the 

properties of the resulting compounds. 

Introduce an inflamed stream of hydrogen into a vessel of 

oxygen gas; both gases will rapidly be condensed, and the 

only product will be water. In this experiment, the gases enter 

into chemical union, i. e. into that state of combination in which 

the attraction subsisting between the particles of the oxygen and 

hydrogen gases, overcomes their elastic force, and is greater 

than the force exerted by like particles upon each other ; hence 

the water may be congealed, reduced to a state of vapour, or 

enter into many combinations, without any decomposition tak- 

ing place. The sensible qualities of the gases are totally 
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changed ; oxygen gas is a powerful. supporter of combustion ; 
hydrogen gas is highly inflammable ; their compound is equally 
destitute of either of these properties; water may be con- 
gealed, but at the lowest temperature hitherto produced, each 
element retains its gaseous state. 

Into a vessel of carbonic acid gas introduce a stream of ammo- 
miacal gas; the gases will ultimately disappear, and a white 
crystallized solid will result, which retains the properties of the 
ammonia ina mild form, but none of those which distinguish the 
acid. 

If dry nitrous gas and oxygen gas be mixed in proper propor- 
tions, the volume is reduced to one half; the gases, which were 
invisible, assume a deep-orange colour; each was destitute of 
acid properties ; the compound isa powerful acid. 

By combination, solids sometimes become liquid or gaseous. 
Mix together a solid amalgam of zinc with one of bismuth; the 
mixture becomes fluid. Burn a piece of charcoal in a confined 
portion of oxygen gas; the charcoal disappears, and carbonic 
acid gas is produced: the charcoal, therefore, by combination 
assumes a gaseous state. Similarly, mix dry muriate of hme 
oe snow at a very low temperature; they rapidly become 
iguid. 
‘The colours of bodies are often changed; dissolve peroxide 

of iron in sulphuric acid ; into one portion drop solution of 
prussiate of potash, an intense blue precipitate is formed ; into 
another portion pour solution of hydrosulphuret of potash, the 
precipitate is black ; into a third pour subcarbonate of potash, 
and a yellowish-red precipitate is obtained; with arsenite of 
potash, a dull yellow. 

The forces which produce chemical changes often act with 
extreme violence ; place a thin slice of phosphorus upon a grain 
or two of hyperoxymuriate of potash; give it a gentle blow with 
a hammer, and a most violent detonation will follow. 

During combination, a change of temperature takes place. 
Mix four parts of dry lime with one of water; the water loses its 
fluidity, for thelime remains dry, and much heat is excited. Intro- 
duce phosphorus, pulverized antimony, or bismuth into chlorine 
gas ; thegas will be absorbed, and brilliant combustion ensues ; and 
in all cases, if the volume bereduced, heat is excited ; if increased, 
or if solids become liquid, or liquids, gaseous, cold is produced. 
Again, bodies which are susceptible of chemical union, combine 
only in certain definite proportions ; thus in water, the weight 
of oxygen has to that of the hydrogen a constant ratio. If 
bodies can combine in two, three, or more different proportions, 
the ratio of the quantities of one of the elements to a given 
weight of the other will be as the numbers, 1, 2,3, &c. The 
force of chemical attraction is not the same in all bodies of the 
same class, as is manifest from the various cases of simple and 
compound decomposition. These, and all other chemical changes 
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are the result of the operation of the two great powers, attrac- 
tion and the repulsive force of caloric. In the present state of 
chemical science, from the want of some important data, we 
cannot estimate the effect of these forces, nor compare the 
relative forces of chemical attraction, which is very different to 
the order of decomposition ; for it is affected and even inverted 
by the following causes, the results of the operation of the pri- 
mary forces upon similar particles. 

1. Temperature——Heat mercury to nearly its boiling point 
during several days, giving it access of air; it will be converted 
into a red oxide; heat this nearly to ignition, the mercury 
reassumes its metallic state, and oxygen gas isevolved. At the 
usual temperature of the air, the attraction of the particles of 
mercury for each other, and the elasticity of the oxygen gas, 
prevent their union: at certain temperature, the former force is 
so far diminished, that they combine: at a temperature 
approaching to ignition, the mercury becomes elastic, and the 
elasticity of the oxygen is amazingly increased, and they are 
again separated: similarly, at the ordinary temperature of the 
air, sulphurié or muriatic acid will separate the boracic from its 
combination with alkaline or earthy bases; the contrary takes 
place ata red heat, evidently because the sulphuric and muriatic 
acids, from their tendency to become elastic, are united to the 
bases by a less force than at a lower temperature. Many other 
cases might be advanced to prove that the apparent attractions 
of bodies for each other are changed by variations of tempera- 
ture, which acts in two ways; first, when it favours chemical 
union, it diminishes the cohesive force of one or more sub- 
stances ; secondly, when it effects decomposition, it is by giving 
to one element at least a tendency to become elastic. Hence 
tables of chemical attraction serve for only one temperature. 

2. Elasticity.—This might have been considered solely as a 
result of the last cause, but it acts in various peculiar ways at 
the ordinary temperature, and on this account deserves a sepa- 
rate place. Carbonic acid is elastic at all temperatures, and 
probably has a greater tendency to a gaseous state than any 
other. Its power of saturation is very great, and the force with 
which it adheres to many bases is peculiarly powerful, yet it is 
separated from its combinations by every other acid, doubtless, 
in part at least, from its great tendency to the elastic state at all 
temperatures. And, in general, bodies which are volatile are 
separated from their compounds more easily than those which 
are fixed. Hence carbonic acid will not unite with dry lime, but 
with its hydrate ; aud phosphorous will not shine in pure oxygen 
as. 

. 3. Cohesion promotes combination when the body to be 
formed has a great cohesive force, and those to be separated are 
elastic, fluid or soluble, in the menstruum employed. It opposes 
it when the substance used for decomposition has a cohesive 

New Series, vou. y. s 
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force greater than the other assisting forces. For example, in 
solution, potash and soda separate all the metallic oxides from 
most acids, because, by reason of cohesion, the oxides are inso- 
luble. Barytes separates potash and soda from most of their 
salts, and nearly all the resulting compounds of barytes are inso- 
luble. Lime separates them irom those acids with which it 
forms insoluble compounds, but in no other cases. Although 
the force does not become actual cohesion, until the compound 
is formed, we here see the operation of the force which ulti- 
miitely produces cohesion, while the particles are yet separated. 
These remarks need not be further extended, since they are 
obvious to every reader. 

Electricity appears to be most intimately connected with this 
subject. In all cases of electrical excitation, the opposite states 
are always exhibited in such proportion as will mutually neu- 
tralize each other, whether excited in the ordinary manner, or 
by chemical agency, as in the galvanic series. if compound 
bodies, as neutral salts, be exposed to the operation of the gal- 
vanic battery, the principles are separated from each other ; oxy- 
gen, chlorine, and acids appear at the positive pole, while hydro- 
gen, azote, and inflammable matter, tovether with earths, alka- 
lies, and metallic oxides, tend to the negative ; and those bodies | 
which unite with the greatest force difier most in their natural 
electric energy. Electricity is excited by the contact of dissi- 
milar bodies, when the same relation is observed, with this pecu- 
liar difference, that bodies of the same class have different 
degrees of electric energy, whereby, after contact, the two elec- 
tricities are exhibited. Whether electricity be the cause of 
chemical combination or a counteracting force, cannot yet be 
determined ; and for the purposes of research, it is not material 
that this should be decided. However, until the several electric 
energies of bodies be determined, as well as the relation of the 
electric energy to caloric, to the atomic weight, specific gravity, 
&e. nothing can be determined with certainty. I therefore 
withhold further researches into the nature, &c. of chemical 
combination for the present, except that all tables of capacities 
of bodies for heat, expansion, &c. should be computed for 
weights proportional to the atomic weights, for then they repre- 
sent the capacities, &c. of single atoms ; this is most conspicu- 
ous in cases of combustion. Since heat is evolved during that 
process, there must be a diminution of capacity ; if, therefore, 
we add the atomic capacities of the bodies, and from the sum 
subtract the atomic capacity of the product (that is, the capacity 
of a weight of the product, equal to the sum of the weights of 
the ingredients consumed), the remainder will be the proportion 
of the diminution of capacity, or of the heat evolved; for 
example, the atomic capacity of hydrogen gas is 2°82; that of 
oxygen is 4:75; the sum is 7°57; the capacity of an atom of 
aqueous vapour is 1°75; therefore, 5°82 is the heat evolved. 
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Similarly, the atomic capacity of carbon is 1:95; twice the 
atomic capacity of oxygen is 9°5; the sum 9-695; the atomic 
capacity of carbonic acid is 2°887 ; i. e. 6°808 is the quantity of 
caloric evolved. Until we are furnished with the above data, 
and particularly with the precise relation of electricity to chemi- 
cal attraction and caloric, it will be vain to attempt to institute 
any researches into the principles of chemical philosophy ; and, 

in all computations, tables must be constructed for the atomic 

weights of bodies in every case. For the table of atomic capa- 
cities, the argument is, atomic weight x capacities of equal 
weights. ‘ 

Heat evolved by combustion or combination: argument, 
sum of the atomic capacities of the bodies combined — atomic 
capacity of the compound. ; 

atomic weight « 

? Specific gravity’ Atomic expansion in volume: argument 

length, the cube root of the above quantity. 
: : 3 atomic weight 

Conducting powers: argument, WA { eae raviy for 

the lengths of the metallic rods on which the experiment is to 
be made, in order to obtain the true ratio of the conducting 
powers. 

Artic.e III. 

Abstract of a Memoir entitled “ An Attempt to ascertain the 
Chemical Composition of those Minerals which possess the same 
Crystalline Form as Pyroxene.” By H. Rose. 

(Concluded from p. 231.) 

4, Pyroxenes, with Lime and Protosxide of Manganese as Bases. 

The red silicate of manganese from Langbanshyttan, in 
Wermeland, Sweden. 

This mineral (manganese oxidé silicifére rouge de M. Haiiy) 
occurs generally only massive on the Hartz, Siberia, Transylvania, 
and near Langbanshyttan, with a distinct foliated texture identical 
with pyroxene, which is further proved by an analysis of Prof. 
Berzelius, according to whom it is a bisilicate of protoxide of 
manganese combined with some bisilicate of lime. 

The result of his analysis was : 

Silica. .............. 48:00 containing oxygen 23-80 
Protoxide ofmanganese 49-04 ...... ed Apna ee 
Limes seek fe pee he te Whe oe y cee inane 
Magnesia . 6... cjeeins O22 
Oxide of iron ........ Trace 

100°38 
Sie 
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It is, therefore, a bisilicate of protoxide of manganese com- 
bined with a small quantity of bisilicate of lime. 

Besides the pyroxenes of these four divisions, there exist in 
nature also some which contain alumina as a real constituent 
part. They are rare, and the quantity of alumina which occurs 
m them never amounts to more than seven per cent. The alu- 
mina, which contains three atoms of oxygen, is not isomorphous 
with the bases containing two atoms of oxygen, and its presence 
in the pyroxenes is still enigmatical. It seems that in propor- 
tion as the quantity of alumina increases, that of the silica 
decreases, so that it is not improbable that it does not exist as 
a silicate in the pyroxenes, but as an aluminate, of which the 
electronegative constituent part may be isomorphous with silica. 
Such ByroeEs which contain alumina are the black pyroxene 
from Frascati analysed by Klaproth,* the pyroxene from 
f&tna, analysed by Vauquelin, and the black pyroxene from 
Pargas analysed by Nordenskiold. 
The greater part of the pyroxenes analysed by M. Rose 

were fragments taken from massive pieces, with a very distinct 
foliated fracture. In this state, the minerals contain less 
foreign admixtures than when they are crystallized. In this 
case, the crystals are generally large, and have distinct faces ; 
but between the lamine very distinct admixtures may be disco- 
vered, and so many traces of the matrix that they may be seen 
with the unassisted eye. Inthe beautifully crystallized pyroxene 
from Frascati, the naked eye discovers many such foreign admix- 
tures, while even with a glass none can be found in the massive 
white malacolite from Orrijervi. 

The pyroxenes analysed by M. Rose were all measured by 
Prof. Mitscherlich, and found to be real pyroxenes. The incli- 
nations of the two sides, and of the terminal face, approached 
to the numbers given by Haiiy, and agreed completely with the 
measurement of Phillips. These cleavages occurred on the 
malacolite from Orrijervi, the yellow variety from Langbanshyt- 
tan, though they were not so clear in the hedenbergite, in 
both malacolites from Bjormyreooeden, or the hard sahlite.. 

The pyroxene from Taberg is the only one of those ana- 
lysed by M. Rose, which is well crystallized. . The red sili- 
cate of manganese from Langbanshyttaa shows only the 
cleavage parallel to the sides, and the truncations of the 
acute and obtuse solid angles. The inclination of the sides 
is the. same as that mentioned by Haiiy as belonging to 

* KJaproth found alumina in all pyroxenes, of which he has published an account 
in the collection of-his analyses; however, among them all, the pyroxene from Fras- 
cati only is a real pyroxene ; the augit from the Sanalpe is hornblende ; the slaggy augit 
from Sicilia which is not crystallized is, according to Prof. Weiss, an obsidian ; the 
common augits from the Rhon mountains are not crystallized, and no trace of foliated 
fracture can be discerned in them. 
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pyroxene. The cleavage is very indistinct in the soft sahlites 
which contain serpentine. Their external similarity only with 
the hard sahlite, from Sahla, was the reason which induced M. 
Rose to analyse them. It was necessary to repeat this analysis 
often as it gave questionable results, until at last no doubt could 
remain about their true chemical nature. The cleavages parallel 
to the sides of the prisms and its truncations only were observ- 
able, and very indistinct; the terminal face could not at all 
be discerned. This imperfect crystalline structure depended 
evidently upon the foreign admixture of serpentine, 

ArTIcLE IV. 

Some Experiments and Researches on the Saline Contents of Sea- 
water, undertaken with a View to correct and improve its 
Chemical Analysis. By Alexander Marcet, MD. FRS. 
Honorary Professor of Chemistry at Geneva.* 

In a paper on the temperature and saltness of various seas, 
which the Royal Society did me the honour to publish in their 
Transactions for the year 1819, I threw out a conjecture, that 
the sea might contain minute quantities of every substance in 
nature, which is soluble in water. For the ocean having com- 
munication with every part of the earth through the rivers, all of 
which ultimately pour their waters into it; and soluble sub- 
stances, even such as are theoretically incompatible with each 
other, being almost in every instance capable of co-existing in 
solution, provided the quantities be very minute, I could see no 
reason why the ocean should not be a general receptacle of all 
bodies which can be held in solution. And although it will 
appear from the following account, that I have been unsuccess- 
ful in some of my attempts to prove the truth of this conjecture, 
it may fairly be ascribed either to a want of sufficient accuracy 
in our present methods of chemical analysis, or of the requisite 
degree of skill in the operator. 

Some time after the communication to which I have just 
referred, an extraordinary statement was pointed out to me, 
upon the authority of Rouelle, a French chemist of the last cen- 
tury, from which it appeared that mercury was contained in sea 
salt :+ and I saw soon after in the Annales du Musée, vol. vii. a 
paper by the celebrated chemist Proust, who, ina great measure, 

* From the Philosophical Transactions for 1822. Part II. 
+ See Journal de Médecine, vol. xlviii. 1177, page 322. 
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confirmed that statement, by announcing that he had found 
traces of mercury in all the specimens of marine acid which he 
had examined. 

Improbable as the fact appeared, I thought it worth while to 
repeat the experiment, and to take that opportunity of making 
some collateral researches upon other substances, much more 
likely than mercury to be discovered in sea water. 

For this purpose I availed myself of the kindness of my friend 
Mr, John Barry,* who happened to be in the vicinity of Ports- 
mouth, to supply me with specimens of sea-water, carefully con- 
centrated upon the spot, in vessels of Wedgwood ware, and with 
scrupulous attention to cleanliness in the process. Accordingly 
he was so obliging, as not only to send me a quantity of brine 
evaporated under his own eye, in the manner just mentioned, 
but he also collected for me a valuable series of specimens from 
the salt works near Portsmouth, from all the stages of the pro- 
cess, so as to afford me an opportunity of investigating with 
accuracy all the chemical circumstances of this interesting 
branch of national economy. Finding myself, however, much 
pressed by time at this late period of the session, I shall, after 
briefly adverting to Rouelle’s supposed discovery, confine 
myselfin this communication to a few observations which I have 
made on sea-water itself; keeping out of view, for the present, 
the topic of salt-making, which, however, I intend to resume at 
some future period, in a more complete and satisfactory manner, 

I first attempted to detect mercury in a specimen of bay-salt,. 
such as is obtained in the salt-works near Portsmouth, by spon- 
taneous evaporation. This variety of salt forms large crystals, 
but is always more or less contaminated by earthy matter, 
which gives it a dirty appearance. It has, probably, a general 
resemblance to the French Sel de Gabelle, which is more impure 
still, though, I believe, obtained in a similar manner.} 

Eight ounces of this salt were put into a coated retort con- 
nected with a receiver, and about four ounces of nitrous acid 
were poured upon it. A pretty brisk action took place, which 
was further increased by the application of heat ; fumes of chlo- 
rine were immediately disengaged, and a reddish fluid condensed 
in the receiver; the heat was continued, and gradually raised in 
a charcoal-fire till no acid or moisture any longer came over ; at 
which time a new emission of red fumes indicated that the 
nitrate formed in the retort was beginning to part with its acid : 
minute drops of fused salt soon bedewed the upper part and 
neck of the retort, so as to be mistaken at first for a sublimate. 
This, however, proved to be almost solely muriate of soda ; and 

* Mr. John Barry, of Plough Court, inventor of a new and valuable process for pre- 
pating extracts in vacuo, &c. 
+ The name of bay-salé is often applied to foreign as well as British salt, and in 

general it simply denotes that the salt has been obtained by spontaneous evaporation. 
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on careful examination, it did not appear to contain the smallest 

atom of corrosive sublimate. 

T next dissolved five or six pounds of bay-salt in water, and 

collected in a filter the insoluble earthy sediment, in which 

Rouelle stated that the quicksilver was usually found. This 

sediment being carefully dried, and heated to redness in a coated 

retort, a white sublimate arose, and condensed on the neck of 

the retort ; but this sublimate proved to be muriate of ammonia, 

and did not contain the smallest portion of corrosive sublimate, 

or other mercurial salt. This sal-ammoniac, though evidently 

formed during the distillation from the vegetable and animal 

matter contained in the sediment, suggested to me the idea of 

looking for ammonia amongst the contents of sea-water. 

I now submitted some Sel de Gabelle, which I had procured 

from Calais for the purpose, to similar experiments, and the 

sediment, also, was carefully examined, The result was essen- 

tially the same as with the bay-salt. After adding nitric acid to 

the salt, the heat was gradually pushed to redness ; and when 

all the moisture was evaporated, a white sublimate appeared, as 

in the former case, which, in this instance, proved to consist 

almost entirely of nitrate of soda; but always without the 

least particle of mercurial salt, and without any muriate of 

aimmonia.* 
I therefore think myself justified in concluding that the mer- 

cury, which other chemists have detected in sea-salt or its pro- 

ducts, must have been introduced there from some local or acci- 

dental circumstances. 
In experiments upon sea-salt, or in general upon the saline 

contents of the sea, it is obvious that, in order to exclude 

sources of error, it is necessary to operate upon pure sea- 

water, and not upon salts obtained from it by the usual pro- 

cesses in the large way, these being always more or less conta- 

minated by the clay pits in which the evaporation is carried on, 

by the metallic boilers, or other adventitious causes. I, there- 

fore, now turned my attention to the sea-water itself, and in par- 

ticular, the perfectly pure and transparent speci
men of concen- 

trated brine from the Channel, which I have above mentioned. 

Mr. Barry procured this water near Bembridge floating light, 

about two miles north-east of the eastern extremity of the Isle of 

Wight, and the evaporation which it had undergone at Ports- 

mouth, had only separated from it a quantity of calcareous 

matter, principally selenite. 

* In the former experiment the sublimate was principally muriate of soda, owing, 

no doubt, to the decomposition having been less complete, and the operation less gra- 

dually conducted than in the latter experiment. 

+ The water, immediately on being raised from the sea, had been allowed to stand 

a sufficient time to deposit the earthy particles suspended in it, by which means it had 

become beautifully transparent : 100 pounds of the water produced only three grains of 

earthy sediment, in which I could discover nothing but carbonate of lime and oxide of 

iron. Itis in this sediment, according to Rouelle, that mercury is tobe found, I need 

hardly say that I could not detect init the least particle of that metal, 
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A few pounds of this water were evaporated nearly to ea 
ness, at a gentle heat, so as to reduce the mother liquor to the 
smallest possible quantity. This liquor was suffered to drain off, 
and reserved for experiments, as it 1s in this fluid that any new 
ingredients are most likely to be detected. 

i had suspected that some nitric salt might be found in sea- 
water, but in this I was disappointed. The discrimination by 
the shape of the crystals being in this instance scarcely practi- 
cable, the mode which I employed for detecting it, consisted m 
concentrating the bittern in a glass tube or retort, till it began to 
deposit solid matter, then adding sulphuric acid and gold-leaf, 
and boiling the mixture ; the gold-leaf was not in the least acted 
upon, nor was any smell of nitric acid perceived ; but on adding 
the smallest quantity of nitre to the same mixture, the gold was 
dissolved, and the smell of aqua regia was instantly perceived.* 

A portion of the said bittern was next examined by appro- 
priate reagents, with a view to detect any minute quantity of 
earths or metals, especially alumina, silica, iron, and copper, 
which former inquirers might have overlooked ; but I could find 
no other earth except magnesia: and to my surprise, I did not 
find in the bittern the least particle of lime ; which proves that 
sea-water contains no muriate of lime, as had been generally 
supposed. I was equally unsuccessful in my attempts to detect 
iron or copper, by the most delicate tests. In fact, neither alka- 
lies nor alkaline carbonates precipitated any other substance 
from the bittern of sea-water, except magnesia. 

The deposit obtained at Portsmouth during the early period 
of the concentration of the water, being analyzed, I found it to 
consist of selenite, mixed with a little muriate of soda, and a 
portion of carbonate of lime. The presence of this last sub- 
stance in sea-water, in a state of perfect solution, being, I 
believe, a new fact, I neglected no means of establishing it with 
certainty, an object which was accomplished without difticulty.+ 

Carbonate of magnesia having been supposed by some 
chemists to exist in sea-water, I looked for it in the same 
deposit; but I could not detect the least portion of it by the 
most delicate tests.{ 

I next turned my attention to the alkaline salts of sea-water ; 
and here I was more fortunate; as I succeeded in ascertaining 
beyond a doubt, that sea-water contains ammonia, as it yielded 
sal ammoniac by evaporation and sublimation. This result was 
easily obtained. Some of the bittern being evaporated to dry- 
ness in a retort, and:a low red heat applied, a white sublimate 

* For this easy and elegant process for detecting nitric acid, a point attended with 
difficulty, I am indebted to Dr. Wollaston. 
+ The deposit was treated with acetic acid, which occasioned an effervescence. The 

clear liquor being then decanted cf, and evaporated to dryness, and alcohol added, ace- 
tate of lime was found in the filtered alcoholic liquor. 

{ Namely, solution of the mass in dilute muriatic acid; at ; precipitation of the lime, 
and addition of phosphate of ammonia to the filtered liquor. : 
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appeared in the neck of the retort, which proved to be muriate 
of ammonia. The mode in which this substance was identified 
was as follows : 

1. The sublimate was re-dissolved in water, re-evaporated to 
dryness, and again sublimed by the heat of a spirit lamp. 

2. This new sublimate being again dissolved, and solution 
of magnesia and phosphoric acid added, a triple phosphate was 
formed. 

3. On adding caustic potash to the solution} and bringing the 
mouth of a phial containing muriatic acid close to the vessel, 
abundant white fumes appeared. 

4, The sublimate gave precipitates both with muriate of 
platina and nitrate of silver.* 

Sulphate of soda having been mentioned by many chemists 
as one of the constituents of sea-water, I endeavoured to ascer- 
tain, whether or not it existed in it. But all attempts to detect 
this salt in the bittern by crystallization were fruitless, though 
great pains were taken for that purpose; and I feel the more 
confident that there is no sulphate of soda in sea-water, as the 
presence of this salt in any but the most minute quantities 
would be quite incompatible with our knowledge of chemical 
affinities. For since there are co-existing in sea-water muriate 
of soda and.sulphate of magnesia, it is evident that sulphate of 
soda would decompose muriate of magnesia, which salt is known 
to be in sea-water. And again we know, that sea-water con- 
tains sulphate of lime and muriate of soda ; therefore it cannot 
contain sulphate of soda; for in that case we should have 
muriate of lime, which I have shown to be contrary to fact. 

The last circumstance which I shall at present notice relates 
to the state in which potash exists in sea-water.+ Potash is 
found, by its appropriate re-agents, principally in the bittern, 
but it is found also among thersalts which are separated from it, 
especially in the latter period of crystallization. By further and 
repeated evaporation of the bittern, and successive separation of 
the mother water remaining after the removal of the crystals 
formed, various distinct crystals were cbtained possessing their 
characteristic form; namely, prismatic sulphate of magnesia, 
cubic and star-shaped muriate of soda, and rhombic crystals, 
quite different from either of the other salts. These crystals, 
which were evidently portions of an oblique rhombic prism, 
being carefully separated and washed with water and alcohol, 

* As it did not enter into my plan, on this occasion, to turn my attention to the esti- 
mation of proportions or precise quantities, I have not attempted to estimate exactly the 
proportion which animonia bears to the other ingredients of sea-water ; but as its pre- 
sence can easily be shown in 160 grains of the bitter salts, its quantity cannct be 
extremely minute. 
+ It will be recollected that the presence of potash in sea-water, though announced 

by myselfin the paper on sea-water to which I have before alluded, was Dr. Wollaston’s 
discovery. J have likewise to mention, that the above experiments respecting the state 
in which it exists, were either made by him or at his suggestion. 
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proved to bea triple salt of sulphate of potash and magnesia; a 

salt so easily analysed, that it would be quite superfluous to 

relate the particulars of the process. 

It now remained to be ascertained, whether potash might not 

also exist in sea-water in the state of muriate of potash, or of 

triple muriate of potash and magnesia. That a considerable 

uantity of potash remains in the bittern, even after the separa- 

tion of the triple sulphate, is easily ascertained ; and by careful 

evaporation it may be made to crystallize as a triple salt inrhom- 

bic crystals ; but the constitution of this salt is so delicate, that 

it is liable to be separated into muriate of potash and muriate of 

magnesia by water alone ; and it is with certainty decomposed 

by alcohol, which takes up the magnesian muriate, and leaves 

the other undissolved. 

From the foregoing observations and experiments it may, 

therefore, be inferred, 

1. That there is no mercury, or mercurial salt, in the waters 

of the ocean. : 

9, That sea-water contains no nitrates. 

3. Thatit contains sal ammoniac. 

4. That it holds carbonate of lime in solution. 

5. That it contains no muriate of lime. 

6. That it contains atriple sulphate of magnesia and potash. 

Some of these circumstances will, of course, require that 

former analyses of sea-water, and my own in particular, should 

be corrected and revised; but this I shall not attempt to do, 

until I have obtained further, and still more precise information 

on the subject, 

ARTICLE V. 

Astronomical Observations, 1825. 
By Col. Beaufoy, FRS. 

Bushey Heath, near Stanmore. 

Latitude 51° 37’ 44°3” North. Longitude West in time 1’ 20:93”. 

Feb. 24, Emersion of * Jupiter’s aig 6h 29' 19” Mean Time at Bushey. 
satellite, ..cccesecsccecnnes -2 6 30 40 Mean Time at Greenwich. 
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The result of very attentive observations on the rain guage 

throughout this year tends to confirm the conjectures offered in 
the number of the Annals of Philosophy for July last, p. 18. 

The excess of rain received by the guage on the ground level 
is, as before, very great at particular times, and, on the whole, 
nearly corresponding with that of the last year, viz. 

1821 was as | to 1-512 
1822 was as 1 to 1°525 

Among the daily differences, we found as much as 1°5 excess; 
and, on the other hand, in quantities very nearly equally. The 
Jeast monthly excess was that of June, being -172 only, and the 
ereatest monthly excess that of December, which rose to 1:175. 
In every instance, the excess of the lower above the upper guage 
has been proportioned to the more or less velocity of the wind ; 
and nothing has occurred to weaken, but much to corroborate, 
the idea, that it is principally, if not altogether, occasioned by 
the whirl or eddy produced by the recoil of the current of air 
from the sides ofthe building. This is a question of fact, which 
we continue to hope some of your meteorological correspondents, 
better provided with anemometers, will try by the test of actual 
experiments. 

Penzance, Feb. 14, 1823. 

‘ oras 2 to3 nearly. 

Axtic.e VII. 

On the unconformuble Position of the Pontefract Rock of Sand- 
stone, wtih respect to the subjacent Coal-measures, as shown in 
the new Geological Map of Yorkshire; and regarding some 
Errors therein, as to Parts of the Ranges of certain Rocks in 
the Coal Series. By Mr. John Farey. 

(To the Editor of the Annals of Philosophy.) 

SIR, Howland-street, Feb. 19, 1823. 

I am one of those who have felt a strong interest in the 
perusal of several long and very important geological papers, 
chiefly from the pens of Messrs. Weaver, Conybeare, Buckland, 
Phillips, Sedgwick, and Winch, which have appeared in your 
last four volumes ; and observing that Mr. Conybeare, in p. 137 
of your last number, considers the continental Rock, which has 
of late been much the subject of discussion, under the name of 
rotheliegende, to be probably the same with the English rock, 
which my friend Mr. Smith has named the “ Pontefract Rock,” 
and lately depicted its course in his four-sheet Geological Map 
of Yorkshire, sold by Cary: I beg permission to state in your 
Annals, that I fully concur with Mr. Conybeare in opinion, that 

_———— 
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the rock in question belongs to, and is the lowest of, the uncon- 
formable, magnesian, and gypseous series,* which locally covers 
and forms the eastern boundary of the Yorkshire coal-field, and 
that this Pontefract rock has been improperly associated and 
linked with the six other coal-measure grit rocks, named by Mr. 
Smith on the margin of his map. I agree also with Mr. C. in 
thinking, that this Pontefract rock deserves a very careful exa- 
mination and description. Towards the accomplishment of 
which object, | beg to mention as the results of much labour 
and thought bestowed on the investigation of particular rocks, 
two general maxims, which I submit, should always be kept in 
view by the practical geologist, viz. 

1. That an individual rock or stratum is never uniform through- 
out its whole extent; that is, none of them display at every 
point the same thickness, composition, or state; nor do their 
beds or fissures contain everywhere the same organic or other 
extraneous matters. 

2. That no unique parts occur locally, in any rock or stratum, 
except, perhaps, in places where an alluvial covering may have 
infiltered or otherwise communicated its accidental properties ; 
that is, whatever qualities or states, the beds of any individual 
rock or stratum may iz one place exhibit, or whatever imbedded 
or venigenous matters it may 7m one place contain; each and 
every of such qualities, states, and matters (with the exception, 
seldom difficult to discriminate, which has been mentioned above), 
and the same beds and thicknesses, nearly, may be sought for, and 
with some confidence expected to oceur, in numerous other places, 
in the whole course and extent of such individual rock or stratum. 
Which maxims suggest forcibly, that much remains yet to be 

done, which the concurrence of numerous observers can onl 
accomplish, before al/ the properties of any individual rock or 
stratum, and their relative frequency of occurrence, being known, 
the most essential characters can be selected (among which the 
precise species or varieties of organic remains, will mostly stand 
foremost, [ believe), whereby to identify detached and far distant 
parts, of such individual rock or stratum. 
_ Inthe pages referred to in the note below, I have shown, that 
the Pontefract rock of sandstone, often in so incoherent or loose 
a state as to be dug for sand, shows itself almost uninterruptedly 
at the western edge of the yellow or magnesian limestone, across 
the counties of Nottingham, Derby, York, Durham, and part of 

* On this point, viz. as to the immediate contact always of the Pontefract rock with 
the lowest magnesian limestone rock, my falling into error in 1807, and (thanks to Mr. 
William James as to the Bedworth case, and to Mr. James Porter as to the Garforth 
cage) after seven years setting myself right again, respecting the unconformableness of 
the series overlying our coal-measures, had with me no effect; as will appear in pages 
157, and 462 to 465 of my first volume of ‘* Derbyshire Report; ” and pages 168, 409, 
AO, &c. of the third volume ; also in the Philosophical Magazine, vol. xly, pages 167, 
16%, 174, 342, &c.; and vol. xlvi. p. 283, &c. wherein 1 have correctly represented 
this important fact. 
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Northumberland; besides which, I have there mentioned the 
probability, that this same rock underlies the magnesian lime- 
stone in Salop and in Cumberland counties ; and, perhaps, it 

exists also under that of Abberley, in Worcestershire ; but these 
last very contorted rocks, and others such on the north of Dudley, 
at and southward of Breedon, in Leicestershire, and at Wild 

Park, in Derbyshire,* require, I am of opinion, a great deal 
more of careful investigation than has yet been bestowed upon 
them, before any thing satisfactory can be concluded concerning 
them. 

Mr. Conybeare’s observation in p. 137 is perfectly just, as to 
the highest seams of coal, and the strata of the regular series 

accompanying and overlying them, not being, perhaps, displayed 
on the surface, in any part of the British Islands ; and it is 
equally true, that the parts or places are, in very few of our 
extensive coal-fields, yet ascertained, where the series is the most 
complete, or where the highest of their conformable carboniferous 
strata are visible. 

In the year 1816, the late Duke of Buccleugh employed me 
professionally, among other matters, to ascertain this point, as 
to the Midlothian coal-field ; the full details of which investiga- 
tion remain in the hands of his Grace’s intelligent mineral agent, 
Mr. James M‘Laren,{+ of Dalkeith; showing, that the town of 
Fisher-row, near to Musselburgh, stands on ¢he highest stratum, 
of above 5000 feet thick of coal-measures, including 84 seams of 
coal! + as has been inferred, from a systematic comparison of 
2374 spots or places of observation, in the pits, boreings, levels, 
and quarries, or visible bassets of the strata of that district ; 
whence, the extremes and the average thicknesses of the greater 
part of 337 alternating strata are ascertained, amounting toge- 
ther to the total thickness above named. 

I have frequently pointed out to my mineral friends resident 

* Ifthe Breedon and Wild Park limestones (Derb. Rep. i. 158) belong to the lower 
magnesian rock, may not the gypsum hummocks of Chellaston, Aston, and Ballington 
(Rep. i. 149, &c.) intermediately situated, in a strata trough, belong to the gypseous 
red marl, resting immediately upon that rock, answering to the gypsum near Fair- 
burn, in Yorkshire (Phil, Mag. vol. xxxix. p. 102), which, in Bolium Farm Well, and 
many others thereabouts, has proved pure and crystallized, several yards thick ?—and 
may not the absence in Derbyshire and Yorkshire, of salt springs and rock salt, which 
last in Cheshire, underlies gypsum, arise from the latter belonging (as locally imbedded 
masses) to the upper or great red marl, overlying the very irregularly coarse gritstone, 
which, on Sherwood Forest and in other situations, I mistakenly represented as ‘‘ gravel 
rock,” in most of my early writings? The Birchwood Park, and the Newbold Astbury. 
limestones, occurring in small denudations, from whence no basset edges could be traced, 
were, in 1811, hesitatingly referred by me to the yellow limestone series (Derb. Rep. i. 
A409 and 461), when, but for a complete error, as to “* an upper series of coals above 
the yellow limestone ” (see my Index), of which I had often been told, I should haye 
associated them, either with the shale limestone, or with the first limestone rock. 

+ And other copies in my possession. I am happy in this opportunity to mention, 
that Mr. M‘Laren is now carrying into effect the instructions which he received from 
me, by making similar surveys of the districts in which his Grace’s other mineral pro- 
perties are situated. 

t See Mr, Westgarth Forster’s Treatise on a Section of Strata, p, 89, 2d. Edit. 
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in Yorkshire, that near to the edge of the yellow limestone, 
about south-east from Wakefield, the highest visible rock or 
stratum of all the great coal-field of Yorkshire, Derbyshire, and 
Nottinghamshire, might be found, and ought to be carefully 
sought for and ascertained; but which interesting service to 
science has not yet been performed [ believe. 

The late Mr. Edward Martin, whose excellent brief account 
of the South Wales coal-field is printed in the Philosophical 
Transactions for 1806, has described its highest valuable seam 
of coal to be found, only in a local patch or hummock, between 
Neath and Llanelly, but has not mentioned the place; nor has 
he traced the bottom line of the trough, which he merely says, 
“ may be drawn in an east and west direction through the middle 
of the basin.” In May, 1806, Mr. Martin favoured me, by trac- 
ing the trough-line on my large map of England and Wales, by 
Cary, from which I beg here to record its range. Commencing 
westward, it enters the southern part of Kidwelly Marsh, passes 
Penbre, Llanelly, Courty Carney, north of Pentalassa, by Cadox- 
ton, Glyn-Carwg, Llandevodwy, Tonna-yodwr, LEglwysilan, 
Energh, Bedwas, Mynyddyslwyn, and thence curves up the 
Ebwith- Valley to near Lanhiddel, and there ends, according to 
Mr. M. the dips of the measures from the north-west, north, 
north-east, and east, centering there, as the end of the deep 
line of Trough. 

On comparing Mr. Smith’s planning of the Pontefract rock 
with the interrupted and detached observations which I have had 
opportunities of making in Yorkshire, I beg to point out (truth 
being my object on all occasions) the following errors, which 
have been committed in the Yorkshire map, beginning south. 
The north part of the village of Todwick, which probably stands 
on the Pontefract rock, has been represented as standing on a 
hummock of the limestone, but whose edge does not proceed so 
far westward by near a mile, | believe ; and the limestone is 
here mistakenly represented as detached by the Pontefract rock 
appearing round it on the east; but the large quarry of limestone 
(for export by the Chesterfield Canal, see Derb. Rep. i. 411 and 
434, and iii. 318), called Pecks Mill, or Dog-kennel; and 
another quarry in South Anston town, east of the church (i. 411), 
clearly prove this to be an error. 
My unfortunate ignorance of the unconformable character of 

the Pontefract rock, when surveying this border of Derbyshire 
in 1809, prevented my considering, as now | think probably 
may be the fact, that from near South Anston town to the town 
of Rotherham (see Derb. Rep. i. 169), this same rock uncon- 
formably stretches out upon the coal-measures, having its west- 
ern edge in Todwick, Conduit Hill, Aston, Aughton, Treton, 
Catline, Brinkworth, and Eccleshall, and extends near a mile 
north-west from Rotherham, along the Doncaster road; and I 
consider my friend Smith as wrong, in representing the Rother- 

New Series}; vou. v. T 
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ham “ red rock” (g), and the “ Ackworth rock” (c) as entering 
Derbyshire, west of Pebley Lane; believing that these rocks in 
proceeding southward pass under the edge of the Pontefrac 
rock and disappear before they quit Yorkshire. 

The thirteenth grit rock of the Derbyshire series, on which 
Killamarsh church stands, seemed proved, as well by its basset 
edge as by the ironstone rakes worked on both sides of it, to 
range northward by Belk Lane, east of Wales Wood, west of 
Swallownest colliery, by Park Hiil and Folken (and having 
crossed the Rother), by Orgrave, east of Highhazles colliery, 
through the western part of Tinsley village (and having crossed 
the Don), east of Massborough, &c. 

On the west and south-west of the village of Kippax, Mr. 
Smith has omitted to notice a point of the Pontefract rock, which 
spreads out beyond the village of Great Preston, and has upon it 
two detached hummocks of yellow limestone, which last he has 
placed too far north. From Berwick in-elmet, the Pontefract 
rock has been coloured 12 mile too far down the Aberford Vale. 
At the same time that this remarkable unconformable projection, 
wants extending 11 mile further west, so as to surround and 
underlie four detached hummocks of the yellow limestone, 
which, most unfortunately, my friend has wholly omitted to 
notice ; because, I think, the sandy rock supporting these four 
hummocks, and resting upon the edges of five of the gritstone 
rocks, and six of the coal shales of my Derbyshire series, pre- 
sents, when taken in connection with the facts of the Garforth 
colliery, and the ‘shell ironstone” rake (in my ninth coal 
shale, Derb. Rep. i. 217 and 414), near at hand, the com- 
pletest case of the unconformableness of the Pontefract rock, and 
those above it in the new series, which can any where be found 
in the same space. 

The largest and most western of these limestone hummocks 
lies on the north of Seacroft village, and east of Rounday Farm, 
which last gives name to the large old shallow quarries worked 
in this hummock, which is a very flat one, containing apparently 
only the lower yellow beds (below the “ blue beds” mentioned 
in Derb. Rep. i. 157 and 408, and ii. 409), covered in great part 
by an alluvial clay patch, which stretches thence north-east for 
4 mile. 
The second of these hummocks is around Barnbow houses ; 

Berwick town stands on the next, which hummock is about a 
mile long north-east and south-west, and half as wide; and the 
last and smallest of these hummocks lies north of the last, and 
north and west of the Brooks, meeting on the north of Berwick: 
it is in part covered by alluvial clay. 

The next projection of the Pontefract rock which has been 
omitted, extends west-south-west from the continuous edge of 
the limestone, and incloses the conspicuous limestone hummock 
of Elstoft, where there are quarries; and which limestone is 
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surrounded by dots for colouring on the map of my friend. In 
the next place, a hummock of the Pontefract rock has been 
omitted on the north-west side of Bardsea village (Derb. Rep. 
ii. 410, note). Another is omitted under East Keswick village; 
and a point of the same rock, north of the Wharfe River, extend- 
ing from near Wood Hall, under Carlston Hill House, where 
there are gritstone quarries in it. 

In addition to which, my friend has omitted tv show a remark- 
able denudation, through which the Wharfe River passes in 
Collingham parish ; wherein for 14 mile in a north-west and 
south-east direction, and a mile in some places, transversely 
measured, the second coal shale is laid bare of its unconforma- 
ble coverings. Also the southernmost of two singular hum- 
mocks of the limestone on the neck of the Pontefract rock sepa- 
rating this denudated tract from the coal-field, is omitted. 

I must now return to the border of Derbyshire, and speak of 
the rock which Mr. Smith marks (m), and denominates “ flag- 
stone :”* itis my fourth grit rock (Derb. Rep. i. 164, 423, and 
427, &c.), and my third coal shale lies under and west of it, pro- 
ducing, as Mr. 8. truly states, “ ganister stone,” to which I will 
add, excellent fire clay, which are its chief characteristics. 
From near Sheffield, past Penistone, Huddersfield, and Halifax, 
and so on north-westward to near Swill Hill, the range of this 
fourth rock is shown with sufficient accuracy, except as to the 
double commencement and western of the two courses coloured 
for this rock, from Whirlow to Stock Bridge; but the remainder 
of its course on the map I consider to be completely erroneous. 

Near to Swill Hill, this fourth rock has arrived at its most 
western extension in the bottom of the general trough in the 
Yorkshire coal-field, which trough-line ranges from somewhere near 
South-Elmsal, already hinted at in p. 273, as a place south-east of 
Wakefield, at the edge of the Pontefract rock, and probably 
passes Wakefield, Woodchurch, Birstal, and High Farnley, on 
the north-cast in each instance, and thence near Swill Hill, and 
so on, passing south of Pendle Hill, into the Burnley and Black- 
burn coal-fieid, in Lancashire. 

From the bottom line of this important trough, near to Swill 
Hill, the basset edge of this celebrated fourth rock, has a general 
course of about east-north-east, passing, I believe, along the 
northern verge of Bradford Dale to the town of Bradford ; from 
whence I have ascertained its course to be along, or not far from, 
the Toll Road towards Leeds, until within half a mile of Kirk- 
stal Bridge, when this rock descends obliquely under Armley 
Hall, and crosses the Air River about a mile below the Bridge’; 
from whence its course is for the next mile about north-north- 
west, between Kirkstal and Burley. From hence an east-north- 

* Which is an ill-chosen name; because half a dozen of the lower coal-measure 
rocks, produce, in particular quarries, excellent flagstones, difficultly distinguishable 
from those of the fourth rock, 

T2 
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east course is resumed by its basset, passing south of Hedingly 
village, and north of Woodhouse village, where there are large 
flagstone quarries in it; and about half a mile north-west from 
these, on Hedingly Common, fire-clay and ganister are dug in 
the third coal shale, and coarse third grit, north of this, near 
Mean Wood (see Phil. Mag. vol. xxxix. p. 102). 

From the Woodhouse quarries, this fourth rock passes on the 
south of Potter Newton and Chapel Allerton, north of Allerton 
Gledhow, past Rounday flagstone quarries, north of Redhall 
Houses, by Berkby Farm, past Thorner flagstone quarries ; and 
soon after, this rock, with an easy dip about south-east, disap- 
pears* under the edge of the unconformable Pontefract rock, 
on the south of Thorner village. 

_ The northern edge of the third grit rock, from the excellent 
and well-known quarries at Bramley Fall, by the Leeds and 
Liverpool Canal, declines obliquely, and crosses the Air River, 
about a mile above Kirkstal Bridge: thence its course is up 
Hascar Wood, and proceeds thence mostly with a very bold and 
decided northern edge, until, on the south side of Bardsey vil- 
lage, this rock also disappears under the Pontefract rock, in the 
same place and manner, as Mr. Smith has mistakenly shown, 
with regard to the lower or northern edge of the rock (2), which 
he calls the “‘ Bradgate rock ;”’ but why it isso named I do not 
know. 

The existence of ganister (galliard, or crowstone), and the 
prevalence of clays adapted to the uses of the potter (like those 
of Newton, anciently), and the makers of furnace bricks, lying 
as floors to their coal seams, has been ascertained at short dis- 
tances, throughout the course between the third and fourth grit 
rocks, indicated above, as regularly here as in Derbyshire (almost 
to the neighbourhood of its county town), wherein, these import- 
ant features of the coal series were first ascertained, and such 
details published in its county report, us can leave no kind of 
doubt on the subject. 

_ In the manner above described, the strata northward, continue 
to have a south-eastern dip (which would have been a south- 
south-west dip, but for the deepening of the trough line in each 
stratum, to the east-south-east, or nearly) into the great trough 
of coal-measures herein described; in consequence of which, 
my second grit rock approaches and passes under the Pontefract 

* There can be little reason for doubt, that after the basset edge of this fourth rock 
has passed some distance under the yellow limestone, it turns northward, and has an 
uninterrupted course under its unconformable cover, into Durham, and that there, some- 
where near to Morton, Bolam, or Brusselton, this important rock emerges again from 
under the Pontefract rock, and has doubtless a long course across that county and Nor- 
thumberland, which course I could ascertain and depict as certainly, I think, as several 
years ago I did, as to 94 miles of its course across Derbyshire and Yorkshire (see Phil. 
Mag. vol. Ixxxix. p. 102), and as to a great many miles of its course in Flintshire (see 
Phil. Mag. vol. xlv. p. 166). Why has this matter slept, and no one attempted to map 
the gritstone rocks of the Wear and the Tyne coal-field ? : 

SSS 80000 
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unconformable rock, somewhere about the junction of the sheets 
of Mr. Smith’s map, perhaps, leaving then my first coal shale 
on the surface, in contact with and passing under the Pontefract 
rock; and it is this coal shale which, in such case, produces 
the Harrowgate medicinal spaws : unless indeed both the second 
and the first grit rocks have passed under the Pontefract uncon- 
formable rock, before we arrive so far north as these spaws?; 
under which last circumstances, these celebrated springs will be 
referable to my “ limestone shale.” 

But whichever of these may, on a rigid investigation, prove 
to be the fact, it will, I think, certainly result, that a strata ridge 
(which may not be easily definable by a line on the map, or 
without careful levellings, owing to this ridge in the upper 
measures, having an irregular rounding summit), will be found 
emerging from under the edge of the Pontefract rock, some- 
where not far from Thornton Chapel; and, proceeding west- 
ward by Pateley Bridge, there, either my shale /¢mestone or the 
first limestone rock emerges on the surface of this ridge in a 
local denudation, extending to near Raven’s Cross: thence this . 
strata ridge probably declines southward, and ranges through 
the smaller denudated tract of limestone, north-east of Barden; 
then bending again northward, it probably, near Burnsal, enters 
a more extensive denudated tract, proceeds, perhaps, by Kirkby- 
mallam Dale, and then bends so much northward as to pass 
Settle, and proceeds on the north of Clapham and Ingleton ; 
passing thus north-east of, and occasioning the dip south-west- 
ward into the Black Burton coal-field. 

Generally speaking, the strata ridge last described should be 
considered as the boundary northward, of the great Yorkshire 
coal-field; and that to the northward of this strata ridge, a 
district of undulating strata commences, and the same are dis- 
posed in several strata troughs, ranging eastward and westward, 
and are separated by corresponding strata ridges, through the 
remainder of the county; and, perhaps, it is the same in the 
south-western parts of Durham. On this principle I should, if 

entering on a survey of the local coal-fields of this northern part 
of Yorkshire, search northward of Thornton Chapel, before con- 
jectured to stand on the great strata ridge, for the emerging of 

the first grit rock * (dipping north-eastward, and covered more 
5 

northerly by the first coal shale+) from under the unconformable 

* My first grit rock may probably be comprised in Nos. 104 to 95 in Mr. W, Fors- 

ter’s ** Section.” . 

+ Part of my first coal shale probably appears in his Nos. 94 to 91, and the remain- 

der of this shale is omitted, I think ; especially as Mr. F. himself, in p. 92, suspects 

some strata to be here omitted ; but the number and thickness of these (including, pro- 

bably, I think, my second and third grit rocks, and the intervening second coal shale) 

are, perhaps, much more considerablg than he is aware of. Where is the ganister 
found? or its peculiar species of leafy reeds 2, or the two species of marine skel's ? 
enumerated in p. 243, vol. i. of Mr. Sowerby’s ‘* Mineral Conchology,” in the coun- 
ties of Durham or Northumberland ?; and is this stone there any where applied to the 
making of roads ? 
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Pontefract rock ; and this first grit rock, I doubt not it would 

appear to be which my friend has represented as surrounding 

westwardly the trough of lower coal measures on the west of 

Masham; but which rock mistakenly has been coloured as a 

continuation from Swill Hill, mentioned p. 275, of his “ flag- 

stone rock,” answering to my fourth grit. 

Similar remarks apply to the smaller coal trough on the west 

of Patrick Brompton, although its strata are in part covered and 

superficially bounded on the east, by unconformable upper red 

marl, overlapping previously the yellow limestones and their 

intervening gypseous marl, and then the edge of the Pontefract 

rock, in these parts. 
I will now only further remark, that the cause of the disap- 

pointments seems now apparent, from the boreings made some 
years ago in search of coals on the west of East Rigton village, 
south of the Wharfe River, and westward of Sicklin Hall and 

Spoiforth, on the north of the river, as well as those older trials 

doubtless made, but, perhaps, not recorded, in the Collingham 

denudation, mentioned p. 275, viz. that no thick or valuable 

seams of coal occur, in so low a part of the carboniferous series ; 
but which spots, even yet, it would seem, my friend considers 

to have strata higher in the series than the fourth grit rock, the 

usual limit downwards, in these parts, of marketable seams. 
I am, Sir, yours, &e. 

Joun FParzy, 

ArticLe VIII. 

Memoir illustrative of a general Geological Map of the principal 
Mountain Chains of Europe. By the Rev. W. D. Conybeare, 
FRS. &c. 

(Continued from p. 218.) 

*,* In citing the authority of Boué as confirming the opinions 
of Prof. Buckland and myself, with regard to the distinction 
between the todteliegende and old red sandstone of England, I 
was not aware that he had formerly entertained different views ; 
this I have since learned from his memoir on Germany, inserted 
in the volume of the Wernerian Transactions recently published. 
That memoir, however, was read in the beginning of 1822, 
before the appearance of the arguments on this subject brought 
forward in the “Outlines.” Since that period, M. Boue has 
enjoyed opportunities of studying many other localities of this 
formation, and has, with a candour that does him honour, made 
the concession which I have quoted; the letter I have cited 
bears date Vienna, Jan. 14, 1823, It may be considered, there- 
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fore, as conveying his matured opinion, and as 1 have, through 
his correspondent, his sanction in extraeting any observations 
that appeared to me important, my citation may be regarded as 
an authentic declaration of his present views. I have thought 
this explanation necessary to remove any apparent contradiction 
between it and the memoir alluded to. I need not add that his 
testimony on my side derives additional weight from the circum- 
stance, that his judgment was not hastily formed, but the result 
of a slow conviction. 

The Series of Lias and Oolites, Muschelkalk, and Jura Katkstein, 

This system viewed generally consists of a series of alternat- 
ing deposits of ciay, and of limestones of a texture considerably 
more earthy and less compact than those of the preceding 
epochs, and often oolitic. These are strongly contrasted also 
with the earlier formations in the very important circumstance 
of their zoological character, I mean the nature of the organic 
remains which they contain, as they appear to preserve the 
traces of avery different and mere advanced state of animal 
population in the waters beneath which they were accumulated. 
In speaking, however, of the earlier formations, I would be 
understood to mean those earlier than the alpine limestone ; for 
the alpine limestone is clearly in this respect connected more 
nearly with the subsequent than antecedent order of things; and 
these observations should, therefore, in strict propriety, have 
stood at the head of that formation; but since the organic 
remains in that series are rather of local than common oecur- 
rence ; whereas in the present they form a striking and general 
character, this deviation from the rigour of method may be 
excused. The vertebral class, of which rare and faint traces 
alone occur in the older rocks, presents in these a rich and most 
interesting addition to the lists of animals now existing; these 
principally belong to the order of oviparous and amphibious ani- 
mals ; but exhibit in some instances an organisation which would 
fit them rather for a life entirely aquatic than one divided 
between both elements (e. g. the ichthyosaurus), and appear 
to bear the same relation to the actual genera that the 
cetacea do to other mammalia: others, however, are like 
their recent antitypes fitted for moving both im the land and 
water. In this zoology of a former world, we count several 
species of the crocodile (England and France afford four at 
least which may be distinguished): these do not agree spe- 
cifically with any of the varieties now known to exist; but 
the differences are very slight, often indeed less marked than 
between the recent species; there is no. room, therefore, to 
doubt that their general habits were similar. Were these 
species capable of enduring the cold of high latitudes, and there 
hatching their eggs? or did they migrate? or was the tempera- 
ture of our planet. then higher than at present? Some varieties 
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of recent crocodiles have been found out at sea a considerable 
distance from the land. It becomes the inquisitive spirit of. 
science to propose these problems ;—it becomes the modesty of 
that spirit to hesitate in attempting (without more ample data 
than we at present possess) their solution. Many other genera 
referable to the great order of the lizard family, but evidently 
partially or entirely aquatic, which have either entirely vanished 
from, or (and this is from their bulk and striking appearance very 
improbable) remain undetected in the actual state of animated 
nature, are preserved in these beds to exercise the researches of 
the comparative anatomist. We already reckon, and the subject 
is yet far from exhausted, four distinct genera of this kind 
(1. The fossil saurian, of Maestricht; 2. That of Stonesfield, 
megalo saurus; 3. The plesio saurus ; 4. The ichthyosaurus) ; 
many of these, the latter especially (which unites to the head of 
a lizard the vertebral column of a fish, and combines the modes 
of progression peculiar to each), present links as important as 
striking in the great chain of animal being: the lines of Lucre- 
tius are, therefore, in one sense* philosophically true : 

Multaque tum tellus etiam portenta creare 
Conata ’st mira facie membrisque coorta, 
Multaque tum interiisse animantum seecla necesse est. 

Turtles more or less approaching to the recent are likewise 
found. Here again we have some presumption, though cer- 
tainly no proof, of a warmer climate. 

Mingled with these remains (though in such small quantity as 
to show that they have been casually brought from a distance, 
while the former are found under circumstances which indicate 
their having lived and died in their present sites), are the disjecta 
membra of land animals (the didelphys of Stonesfield), of birds 
(also Stonesfield), and of coleopterous insects (also Stonesfield), 
sufficiently proving that the earth and air were peopled with life 
as well as the waters. 

The vegetables of this series are dicotyledonous as well as 
monocotyledonous. ‘The shells are characterized by the disap- 
pearance of many of the genera, and most of the species, belong- 
ing to the transition and carboniferous series, and the introduc- 
tion of many new genera, almost all the species being also new; 
scarcely indeed a single species can be identified. The same 
remark applies equally to the zoophytes. 

In one mstance, that ofthe encrinites, Mr. Miller has made an 
observation as important and beautiful as it is original. This very 
interesting order of animals considered merely in the relations of 

* Not certainly in that which bears an aspect favourable to materialism, for it is 
impossible to point out instances of design more striking or beautiful than are often 
exhibited in the structure of these fossil animals. Thus much eyen in the present 
obscurity of the subject we can perceive ; and did we fully know the yaricus revolutions 
of our planet, we should doubtless find fresh reason to admire the adaptation of its 
living occupants to its existing state at every successive period. 
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this structure, divide themselves into two well marked and distinct 

series. Now of these one only is found in the older rocks; the 

other is confined to those more recent than the coal formation. 

It is very probable that ulterior researches may extend similar 

conclusions to many other classes; it is impossible that the 

subject should be in better hands than those of the author just 

alluded to, whose unwearied patience in the investigation of 

those minute details which afford the only sure grounds for such 

an induction, is joined to that philosophical spirit of generalisa- 

tion which can alone combine them into a luminous system. 

The series of this system in England where it has been most 

fully studied, consists of three great deposits of a caleareo-argilla- 

ceous character, alternating with three others of calcareo-sili- 

ceous matter and of oolitic limestones. 

( a. Argillo-calcareous Purbeck strata, sepa- 

rating the iron sand and oolitic series. 

b. Oolitic strata of Portland, Tisbury, and 

Aylesbury. 
c. Calcareous sand and concretions (Shot- 

over hill and Thame.) 
1. Upper Oolitic ; 

Araillo-caleareous formation of Kimme- 
system. 

ridge and the vale of Berks, separating 

the oolites of this and the next sytem— 

Oaktree clay of Smith (generally). 

ra. Oolitic strata associated with the Coral 

| rag (Pisolite of Smith). 

9, Middle Oolitic | 6. Calcareous sand and grit. 

system. 4 c. Great Oxford clay (Clunchclay of Smith) 

[ separating the oolites of this and the 

next system. 

a. Numerous oolitic strata, occasionally sub- 

divided by thin argillaceous beds; m- 

cluding the Cornbrash, Forest marble, 

schistose oolite and sand of Stonesfield 

ayer, “Oolitic | and Hinton, great oolite, and inferior 

oolite. 
b. Calcareo-siliceous sand, supporting and 

passing into the inferior oohite. 

c. Great argillo-calcareous formation of lias 

and lias marle, constituting the base of 

|. the whole series. 

system. 

N. B. This list is in a descending order. 

The most probable analogies of these with the continental 

formations appear to be the following, in which | have inverted 

the preceding order, and followed the ascending series. 

1. Lias (3. ¢), Muschelkalk, and inferior Beds of the Jura 

Limestone-—There is still some doubt whether the term muschel- 
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kalk may not be applied to more than one formation ;* first, it is 
sometimes applied to the Wurtzbourg limestone, which Kefer- 
stein classes with the alpine, and which has, therefore, been so 
coloured in the accompanying map on his authority, though I 
have already expressed my own inclination to consider it as 
representing our lias. Secondly, there is less doubt that the 
rocks to which the name muschelkalkstein have been applied in 
the north of Germany (where, I believe, it was originally adopted) 
are equivalent to our lias. Thirdly, it is certain that most of 
the beds commonly included under this designation on the north- 
west and north of the Jura chain and the Rauhe Alp, extending 
into Wurtembourg, &c. are identical with our lias, as also the 
beds underlying the oolites of the coté d’or in the north-east 
of France, extending towards Metz, &e. &c. 

2. Sandstone of the inferior Oolite (3 b).—Arenaceous and iron 
shot beds are interposed between the Jura lias and oolites near 
Lons le Saulnier, and through the whole northern escarpment of 
that chain, and its prolongation the Rauhe Alp (Lisen sandstein 
of Keferstein). According to Haussman and Keferstein, ‘the 
uadersandstein in the north of Germany is similarly placed; but 
t suspect that more than one formation may be confounded 
under this denomination, and the local circumstances under 
which it occurs are such as to render the determination of the 
question difficult. 

3. The other divisions of the series, including all the beds 
which, properly speaking, can be termed oolites, resemble one 
another so much that their individual identification with those of 
the Continent can hardly be expected in the present state of 
science; if indeed, which seems very questionable, a close 
agreement in these minor features of arrangement really exists, 
through very extensive tracts, and in very distant sites. Such a 

* M. Boué appears to be of opinion that the muschelkalkstein of Central Germany 
is not our lias, but a formation wanting in England, and intennediate between the new 
red sandstone and lias being separated from the latter by the quadersandstein ; so that 
the ascending series is: 1. New red sandstone; [2. Muschelkalkstein; 3. Quadersand- 
stein] 4. Lias and oolites, the formations between brackets being absent in England. 
He cites a section near Amberg in confirmation of this position. This debateable ground 
refers principally to the Wurtzbourg district, and the country extending thence towards 
the frontiers of Bohemia. I feel that it is more important at present to state difficulties 
of this kind than attempt an hasty solution. I shall return to this subject in tracing 
the course of these formations: on the whole I certainly incline to the view which I have 
indicated in the text. Those who distinguish the muschelkalk as a peculiar formation 
refer to two principal localities ; first, the platform of Wurtzbourg (which has been just 
mentioned) ; and, secondly, in the North of Germany, at Goettingen, &c. they consider 
it as characterized from the lias by the absence of the alternating argillaceous strata so 
common in that formation. It is an earthy limestone, generally of pale colours (greyish 
or yellowish), has some subordinate marly, arenaceous, and oolitic beds, with occasional 
layers and nodules of chest; its peculiar petrifactions are : Chamites striatus, Belemnites 
paxillosus, Ammonites amalteus, A. nedosus, A. angulatus, A. papyraceus, Nautilites 
binodatus, Buccinites gregarius, Trochilites levis, Turbinites cerithius, Myacites ven- 
tricosus, Pectinites reticulatus, Ostracites spondyloides, Terebratulites fragilis, T. vul- 
garis, Gryphites cymbium, G. suillus, Mytulites socialis, Pentacrinites vulgaris, Encri- 
nites liliiformis. See also the note of M. Boueé on the north of Germany. 
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correspondence, however, may certainly be traced on the oppo- 
site shores of the British channel, and there seem to be strong 

. indications of the same kind in the Jura chain, 

DistTRIBUTION OF THIS SERIES, 

(A.) England. 

A line drawn from the north-east of Yorkshire to the south- 
west of Dorsetshire will nearly indicate the western and inferior 
limit ofthis series. The lias, however, extends westwards from 
this boundary on both sides the British Channel in Somerset- 
shire and Glamorganshire. The eastern and superior limit 
follows a line nearly parallel to the former, and between 20 and 
41 miles to the south-east of it. The three systems of oolites 
form as many parallel ridges of hills separated by intermediate 
valleys, following the course of the intermediate clays. ‘The 
great or third oolitic system forms the most extensive and con- 
tinuous of these ranges. The chains presented by the other two 
are more partial, and interrupted through considerable intervals. 

(B.) Other British Islands. 

The British Islands present no traces of these formations 
beyond the limits above assigned, with the exception of the lias, 
which occurs in Ireland in the county of Antrim, near the south- 
east border of the basaltic district ; in the Isle of Sky, and some 
other of the Hebrides. 

(C.) France. 

1. In the Denudation of Boulogne-—The escarpment of the 
chalk sweeps round a semicircular tract, in the centre of which 
this town is placed, with a radius of about 12 miles distance. 
The green sand follows the fort of this escarpment, and may 
also be traced on the north-east of Uissant, and the hills close 
to Boulogne, on which Buonaparte’s tower is built, are capped 
with strata of ferruginous sand, possibly our own iron sand. 
But instead of these formations occupying, as in the corres- 
ponding tract in Kent and Sussex on the English side, the 
whole of the denuded area, we find the coast, through the 
greater part of its breadth, lined with a calcareo-argillaceous 
formation which underlies the sand last mentioned ; this may 
be studied in the cliffs on either side of Boulogne, which, how- 
ever, are, from the nature of the material, in a very crumbling 
state. 

One of the upper beds of this formation consists of a remark- 
able calcareo-siliceous grit. Boulogne is principally built of 
this rock. It often forms the upper stratum of the cliffs on the 
north-east of that town, and is particularly abundant at a place 
called le Creche, between it and Uissant. This rests on some 
beds of argillaceous limestone, separated by clay ; and along the 
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bottom of this cliff is found a coarse limestone of a brown — 

colour, full of cornua ammonis, turbinated univalves, Kc. 
These alternations of argillaceous and calcareous beds con- 

tinue to extend into the interior towards the east of Boulogne. 
In a deep pit sunk at Souverain Moulin, about five miles from 
the town in that direction, ina fruitless attempt to procure coal, 

the workmen passed through 12 such alternations, and then 

pierced a solid calcareous rock 100 feet in thickness, containing 
ammonites. Below this, occurred a thin seam of wood coal, 

and then 20 feet of a shelly limestone full of turbinated uni- 

valves, small oysters, serpule, &c. together with impressions of 
ferns and other vegetables; and, lastly, another thin seam of 
carbonized wood, resting on coarse limestone. 

The coral rag is exhibited with well-marked characters about 
nine miles south-east of Boulogne, near Samers, and the great 

oolite may be seen in the country round Marquise at the same 
distance on the north-east. Both these points approach very 
closely to the chalk escarpment; so thatifthe green sand, iron 
sand, &c. exist at all in these directions, they must be greatly 
reduced in extent. 

Near Marquise, the colite comes in contact even with the 
older rocks of the coal formation, which show themselves in this 
corner of the denudation almost immediately beneath the chalk. 
This coal district presents a band of mountain limestone 
accompanied by another of regular coal-measures. The princi- 
pal marble quarries are at Ferques, and the principal coal mines 
at Hardingen. The stratification is extremely confused and 
contorted. 

2. Within the interior area of the basin of Paris, there is also 
a small denudation exposing the oolites, ina district called the 
Pays de Bray, a little north-west of Beauvais. 

3. Surrounding the Chalk and Green Sand of the Paris Basin. 
—This series also may be seen emerging from beneath the 
chalk in the coast westwards from the mouth of the Seine, 
where they have been traced by M. de la Beche. . 

Along the mouth of the Seine, on both sides, the chalk and 
green sand repose on a blue marl and marl-stone. At Trouville 
sur Mer, the oolites of the upper and middle formation, i.e. the 
Portland stone and coral rag, emerge from beneath this marl. 
Between Villers sur Mer and Dives, the clay separating the 
second and third system (the Oxford clay) forms the base of 
the cliffs, which are capped by the lower beds of the coral rag, 
and an overlying mass.of green sand. Still further west by St. 
Comme, Arromarche, St. Honorine, Virreville, and Grandcamp, 
the cliffs present the inferior oolite resting on lias. 

Hence, a zone of these formations extends circling round the 
chalky and arenaceous border of the basin of Paris, by Caen, 
Alengon, Poitiers, Bourges, Auxerre, Bar le Duc, and Mezieres, 
the oolites stretching beyond all these places, succeeded at a 
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' wider distance by the subjacent lias ; and still further by the red 
marl, which, with a few occasional interventions of coal-mea- 
sures, reposes on the transition and primitive chains of Bretagne 
and la Vendée on the west; of Limousin, Auvergne, Forez, 
Beaujolais, and Morvan on the south, and of the Vosges on the 
east. 

The oolites of this range form the lofty hills known by the 
name of cote d’or. Here the colites approach closely to the 
primitive chain of Morvan. M. Boue says, that the muschel- 
ieteatess may be traced completely round the Vosges. 

4. South of Trance surrounding the Basin of the Garonne.— 
The tertiary basin of this district is described by M. Boué as 
limited by Bayonne, Carcassouc, Montaubon, and Talmont. 

This is succeeded on the north by Jura limestone, covered by 
iron sand, &c. 

In approaching the Pyrenees, he has observed a band of 
Jura limestone succeeded by quadersandstein with lignite, 
reposing'in some places (as near Dax) on muschelkalkstein. 

(D.) Northern Germany. 

The muschelkalkstein is here found among the formations 
skirting the Hartz, both on the north and on the south, rangin 
in the former direction on the south of Hanover and Brunswick,* 
and on the latter forming a platform in the country between the 
Hartz and the Thuringerwald, on the escarpment of which it is 

* M. Boué in one of the letters to which I have so often referred gives the following 
description of the muschelkalkstein of Brunswick, which is the best I have yet seen. 

“¢ This formation lies above the variegated sandstone. Its organic remains axe 
encrinites and pentacrinites, some species of terebratula, especially the subrotunda and 
carnea, pectines, venericardiz ? a bivalve badly preserved and unascertained, but gene-~ 
rally and loosely classed as musculites, an univalve approximating to turbo, an ammo- 
nite not carinated, a small indistinct univalve, uncertain whether nautilus or serpula, and 
many singular markings in the form of elongated and serpettine cylinders which might 
be, perhaps, considered as merely accidental configurations of the calcareous paste, but 
yet from their ramification, &c. assume an appearance resembling that of the Isis tribe. 
‘The masses of lead glance, occasionally found in this formation, at once distinguish it 
from the Jura limestone, yet in the lowest members of this muschelkalk are portions of» 
an oolitic texture closely asseciated with the subjacent variegated sandstone. 

* Above it lies an argillaceous, calcareous, and areraceous formation, in which slate 
clay, more or less bituminous, alternates. In the under part, it alternates with a few: 
beds of a limestone like the muschelkalk, but without shells; in other parts, and espe- 
cially in the upper, with a compact sandstone, with a calcareous or argillaceous cement. 

“¢ The whole is covered with the quadersandstein, a formation often wiih a siliceous: 
cement, and very compact, but at other times of very slight coherence. Associated with 
and beneath this formation, I observed two beds of a compact calcareous marl, with | 
fragments of pinna, retaining their shelly texture, and not petrified. 

‘The argillaceous formation contains in the bituminous portions mineral charcoal, frag= 
ments of bituminous wood, and a kind of pitch coal used in some places as fuel, and 
impressions of monocotyledenous vegetables. 

** Ammonites (of the subdivision planulites), of small size, occur abundantly, but are 
confined to particular beds ; in others a large common ammonite with sound back and 
hot carinated is found in ironstone ncdules. T observed also a species of terebratula ? 
or, perhaps, gryphites; one or two species of donax; three or four unascertained 
bivalves ; an univalye somewhat resembling clasilia; and more rarely remains of very 
fine psntacrinites.”’ 
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well exposed in the descent from the memorable planes of Jena. 
It is covered by quadersanderstein, on which, according to 
Haussman, Keferstein, Boué, &c. repose in the north of Germany 
mazls, oolites, ferruginous oolites, and chalk. 

Some observations of Prof. Buckland indicate considerable de- 
rangement in the Brunswick district ; a ridge of chalk extends on 
the north of the Hartz towards Goslar, often in highly inclined 
beds, and forming a hog’s back ; yet on the north ofthis, where 
the more recent deposits might be expected, the variegated sand- 
stone again protrudes. 

South of the Thuringerwald, the same muschelkalkstein 
extends by Heldburghausen and Cobourg. 

(E.) Central Germany. 

According to Bout and Humboldt, the platform of Wurtz- 
bourg considered by Keferstein as zechstein, or alpine lime- 
stone, is muschelkalkstein. I have already alluded to its posi- 
tion in describing the alpine limestone. If this view be correct, 
the sandstone between Wurtzbourg and Bamberg is not, as 
represented by Keferstein, buntersandstein, but quadersand- 

stein, 

(F.) Great Range of Franconia, the Swabian and Bauhe Alp, 
and the Jura Chain. 

This is an immense and continuous band principally occupied 
by the oolitic series, crowned in some places by still more recent 
deposits of the same age with the chalk marl, &c. of England. 

In the most northerly part of its course through Franconia, it 
forms the platform between Bamberg and Bayreuth. We have 
here a compact limestone (celebrated for its caverns containing 
the remains of fossil bears), &c.asandstone, and some marly beds 
much resembling in fossils and character our chalk marl: this 
system rests on the sandstone extending between Bamberg and 
Wurtzbourg. Itis to be regretted that the obscurity which still 
hangs over the relations of this tract affects equally the superin- 
cumbent limestone, &c. Boue considers this sandstone as 
quadersandstone and the limestone as representing the whole 
oolitic series. 

Further south, he gives the following as the section presented 
near Amberg: 1. Quadersandstein. 2. Ditto with hydrate of 
iron. 3. Lias, with gryphcea arcuata, grypheea gigas, belem- 
nites, &e. 4. Argillaceous rocks with hydrate of iron, ammo- 
nites, mya, cerithia, &c. 5. Several varieties of Jura limestone, 
magnesian compact, and oolitic. 6. Marl, with hydrate of iron. 
If the gryphcea gigas be the same with the grypheea dilatata. 
This series is in the ascending order. 
I should prefer considering the deposit No. 2 as our Oxford clay. 

I should then identify the deposit here called quadersandstein 

——— 
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with the sand of the imferior oolite, and reckon the subjacent 
Wurtzbourg muschelkalk as the equivalent of our lias. Nos. 3, 
4, 5, would then represent the oolites of our middle or upper 
system ; but. these are points which cannot be fully settled until 
resident geologists shall arise on the spot, and publish detailed 
accounts of its structure and fossils. 

Near Ratisbon the Jura limestone is covered, according to 
Buckland and Boué, by deposits of green sand and chloritose 
chalk ; the solenhofen lithographic strata belong, I believe, to 
one of the beds in the upper part of the series of Jura limestones, 
perhaps corresponding to our chalk marl. 

Here the beds decline to the south, plunging beneath the 
trough of tertiary formations which intervenes between this 
chain and the Alps, and rising north, present their outcrop in 
the escarpment on that side. 

In its passage through Wirtemberg, the chain presents, along 
the base of its northern escarpment, decided lias at Boll, &c. 
south of Esslingen; a ferruginous sand (that of our inferior 
oolite) succeeds; and then the oolitic series forming the great 
mass of the hills. 

By tracing this escarpment from this point to Bamberg, and 
examining the relations of the Wurtzbourg platform with refer- 
ence to this chain in the vicinity of Stutgard, much of the 
obscurity I have alluded to would probably be removed ; 
because we here stand on certain ground as to the identity of the 
Boll rocks and the English lias, which would afford a secure 
basis to the other terms of the comparison. 

Merian is said to have published a good account of this chain 
in the vicinity of Basle,* but I regret not having been able to 
consult it. 

There is a very interesting description of the part of this 
chain near Lons de Saulnier by Mr. Charbant, in which it 
appears that its base is composed of red and variegated marl 
containing gypsum; that on this reposes an extensive formation 
of beds of gryphite limestone (lias), alternating with marls con- 
taining fossils exactly similar to those which characterise this 
formation in England; that these are covered by a series of 
oolitic beds, the lowest of which (like our inferior oolite) abounds 
in ferruginous particles, and is surmounted by a fine granular 
oolite and freestone, forming the escarpment of the first terrace 
ofthese hills; and lastly that, above this first terrace, are others 
each presenting an oolitic series based on argillaceous beds 
which separate it from that beneath. 
We have here, therefore, the enumeration of the lower forma- 

* The denudation of the Rhein, that near Basle, exhibits a patch of primitive and 
transition rocks, over which the calcareous beds of the Jura extend. This patch is pro- 
bably connected with the primitive rocks which further north emerge in the chain of the 
Black Forest, 
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tions of the Jura chain, where they crop out along the base of its 
escarpment on the north-west ; ‘and an account by Von Buch of 
the environs of Neufchatel completes the account by adding the 
beds in the central and south-eastern regions, where they finally 
dip beneath the tertiary formations. He divides these forma- 
tions into four series which he enumerates in a descending order. 
I have ventured to assign their probable English equivalent, but 
these can only be considered as mere conjectures at present. 

First Series. 

99 beds of oolites contain madre- 
pores, KC... ..eeseeeeeeeveee Coral rag. 

Upper marl ........... mee A Oxford clay. 
32 oolitic beds. .....+........ Cornbrash. 
Second marl. ........... ..... Clay beneath the cornbrash. 

Second Serves. 

486 more compact beds, some of 
which contain strombites. .... Forest marble. 

Third Series. 

350 volitic beds ...... o 4:2 owthnwns | oreat,aolite, 
60 beds hard black marl...... Clay of the fuller’s earth. 

Fourth Series. 

100 beds not described, probably 
the same with those above Lons 
leldsanlmer wies sven toidek Inferior oolite and lias. 

The Jura chain exhibits arched and contorted stratification 
through its central ridges ; but on the north-west all the beds 
crop out, and on the south-east dip rapidly beneath the tertiary 
formations which cccupy the great valley of Swisserland sepa- 
rating these ridges from the Alps. The exterior chains of the 
Alps again exhibit in what have been called the younger varie- 
ties of alpine limestone, beds of the same age with the above. 

On the south of Geneva, the continuation of the Jura chain 
unites with these external calcareous chains of the Alps; and 
in this vicinity, therefore, the true relations of the several forma- 
tions ought to be particularly examined. Hence they are con- 
tinued south through Dauphiny and Provence, but I am not 
acquainted with any good account of their structure in this 
quarter. 

(G.) The Alps. 

For an account of these formations in the external chains of 
the Alps, I refer entirely to the excellent paper of Prof. Buck- 
land, which has already appeared in the Annals. 
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(H.) Hungary. 

According to Beudant, rocks referable to the Jurassic series 
occur principally in two localities; first, on the south-west, 
extending northwards from Lake Balaton or Platten; and 
secondly, on the south-east towards the borders of Transylvania 
above the sources of the river Korosh, 

He gives the following list of these formations : 
1. An encrinal limestone (most probably the muschelkalk) : 

this is most abundant in the second district, but occurs also in 
the first ; it is covered by 

2. A magnesian limestone: not the same with the English 
magnesian lime or zechstein, but associated with, and constitut- 
ing a part of the true Jurassic limestone which covers it: it 
exhibits three varieties : a. Saccaroidal ; 6. Compact; c. Oolitic. 
This formation abounds in the first district between Bude and 
Lake Balaton. 

3. Jurassic limestone: a. Containing hippurites; 6b. With 
great oysters; c. With mumnulites ; d..Abounding in shells ; 
e. Bituminiferous. This exists in many patches throughout the 
first district between Gran and Lake Balaton. 

(I.) Russia, and other imperfectly ascertained Localities. 

In Russia, the lias certainly occurs near Moscow, but we 
have no distinct particulars concerning the secondary formations 
of that vast country. 

The tracts of these formations in England, France, Germany, 
and Russia, may be considered as parts of a continuous series 
of deposits occupying the great central basin of Europe, That 
on the Italian side of the Alps, although necessarily mentioned 
in connexion with that chain, belongs to a distinct and southern 
basin, of which a great part of Spain also probably forms a 
portion. Much of the limestone of that country may perhaps 
rove to be lias, and the oclites are distinctly described by Mr, 
ownshend as extending round Anchuela del Campo, about 

half way between Saragossa and Madrid. 
(To be continued.) 

r 

New Series, vou, v. U 
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ArTICLE IX. 

An Account of some Results obtained by the combined Action of 
Heat and Compression upon certain Fluids, such as Water, 
Alcohol, Sulphuric Ether, and the rectified Oil of Petroleum. 
By M. le Baron Cagniard de la Tour.* 

Ir is well known that by means of a Papin’s digester, the 
temperature of fluids may be raised much above their usual 
boiling point ; and we are led to suppose that the internal pres- 
sure which increases with the temperature would be an obstacle 
to the total evaporation of the fluid, especially if the space left 
above the fluid be not considerable. 

In reflecting on this subject, it occured to me that the expan- 
sion of a volatile fluid had necessarily some limit, beyond which 
the liquid, notwithstanding the pressure, must be converted into 
vapour, little as the capacity of the apparatus allows the fluid 
to extend beyond its maximum of dilatation. 

In order to verify this opinion, I put some alcohol of spe- 
cific gravity 0°837, and a ball or sphere of quartz, into a 
small ‘Papin’s digester made of the end of a very thick gun 
barrel; the fluid occupied _ nearly one of the apparatus. 
Having noticed the kind of noise which the ball occasioned 
while rolling in the cold gun barrel, and afterwards when it was 
slightly heated, I arrived at a point in which the ball seemed to 
rebound at each percussion, as if it was no longer surrounded by 
a fluid in the gun barrel. This effect was best observed by apply- 
ing the ear to the end of the handle, which served to sup- 
port the machine ; it ceased upon cooling, and was reproduced 
when the necessary degree of heat was again applied. 

The same experiment was repeated with water, but with imper- 
fect success; for on account of the high temperature which it 
was necessary to employ, the apparatus could not be perfectly 
closed. With sulphuric ether and oil of petroleum, the case was 
different ; they presented the same phenomena as alcohol. 

In order to observe these effects of heat and compression with 
greater facility, I put the same liquids into small glass tubes 
closed at one end, and afterwards at the other, by means of the 
blowpipe. A small piece of glass was fastened to each tube to 
serve as a handle. 

One of the tubes into which alcohol was introduced so as to oc- 
cupy nearly two-fifths of it, was heated with the precautions requi- 
site to preventits being broken; in proportion as the fluid expanded, 
its mobility became greater; the fluid after having attained 

* From the Annales de Chimie et de Physique, tom. xxi. p, 127. 
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nearly double its original volume, disappeared completely, and 
was converted into so transparent a vapour that the tube seemed 
suddenly empty ; but on suffering it to cool fora moment, a very 
thick cloud was formed, after which the fluid reappeared in its 
original state. A second tube, nearly half full of the same fluid, 
gave a similar result; but a third, of which the fluid occupied ~ 
more than half, was broken. 

Similar experiments made with oil of petroleum, of specific 
eravity about 0°807, and with ether, presented analogous results, 
excepting that the ether appeared to require less space than the 
oil of petroleum to be converted into vapour without breaking the 
tubes, and the latter less than alcohol, which seems to indicate 
that the more a fluid is naturally dilated, the less volume it takes 
to attain its maximum of expansion. 

All the tubes in these trials were exhausted of air before they 
were closed; ‘the experiments when repeated with tubes in 
which the air was left, gave similar results ; the progressive 
expansion of the fluid was even more easily estimated in the 
latter case, there being no incunvenient ebullition as in the 
former. 

The last experiment was made with a glass tube about one- 
third full of water ; this tube lost its transparency, and broke a 
few seconds afterwards. It appears that at a high temperature 
water is capable of decomposing glass by combining with its 
alkali; this suggests the idea that some other result interesting 
to chemistry may, perhaps, be obtained by increasing the appli- 
cations of this process of decomposition. . 

By carefully observing the experimental tubes in which the 
air had been left, it was remarked that those im which the fluid 
matter had not quite space enough to acquire the dilatation pre- 
ceding its conversion to vapour, did not always break imme- 
diately after the fluid appeared to have completely filled this 
space, and the explosion was slower as the excess of fluid was 
less apparent. 

May it not be concluded that fluids which are usually but 
slightly compressible at a low temperature, become more so ata 
higher temperature? and still more strongly in the present case, 
in which the liquid is ready to become an elastic fluid under a 
pressure, which, according to theoretical calculations, would 
appear to be equal to several hundred atmospheres ? 

With respect to this, there will probably be some difficulty in 
admitting, that a small glass tube scarcely three millimetres 
in diameter, and scarcely one millimetre thick, should resist.so 
considerable an expansive force ; it will, perhaps, be thought 
preferable to suppose that the molecules of an elastic fluid, and 
particularly of a fluid vapour, are susceptible at a certain degree 
of compression and heat, of assuming a change of state similar 
to semifusion, and capable of facilitating a greater reduction of 
volume than that derived from the absolute pressure. 

v2 
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Until these doubts are removed by new experiments, it appears 
that we may recapitulate what has been stated in the following 
conclusions : 

1. That alcohol of specific gravity 0°817, oil of petroleum of 
specific gravity 0°807, and sulphuric ether, submitted to the 
action of heat and compression, are susceptible of being com- 
pletely reduced to vapour under a volume rather exceeding 
twice that of each fluid. 

2. That an increase of pressure occasioned by the presence 
of air in several of the experiments which have been described, 
occasioned no obstacle to the evaporation of the fluid in the 
same space, that it merely rendered its expansion more quiet 
and more easy of observation until the moment in which the 
fluid suddenly disappeared. . 

3. That water, although undoubtedly susceptible of being 
reduced to very compressed vapour, could not be subjected to 
complete experiments for want of sufficient means to close the 
compressing instrument perfectly, as well as that it alters the 
transparency of glass tubes by combining with the alkali which 
enters into their composition. 

I have presumed that this notice would particularly interest 
those who are concerned in the use of steam-engines, and also 
probably furnish some slight indications for the solution of the 
question relating to the compressibility of fluids, lately proposed 
as a prize subject by the Institute ; it is this which determined 
me to present it to the class, my chief ambition being to prove, 
that I desire to render myself more and more worthy of the 
favourable reception which it has bestowed upon my former 
labours. 

a 

Supplement to the preceding Memoir, 

I have attempted to determine the pressure which ether and 
alcohol exert at the moment in which these fluids are suddenly 
reduced to vapour. The method [ adopted was the following : 

Exper. 1.—I{ took a tube, a be (see fig. next page), of the most 

even bore I could obtain, the interior diameter of which was one 

millimetre ; I united it to the tube def; the internal diameter of 

which was about 41 miliimetres. The apparatus then resembled a 

syphon barometer. The two ends, a and /, remaining open, 
mercury was first introduced, and afterwards sulphuric ether. 

The mercury occupied the space cde, and the ether the space 

ef; by inclining the apparatus, it was easy to alter the level of 

the mercury so as to fill the space ba; by these means it was 

ascertained that a variation of one millimetre in the large tube, 
caused a variation of 20 millimetres in the smaller one ; a propor- 
tion which was judged sufficient for the graduation required. 
The space 6 a is that which the mercury may occupy, when its 
level e in the large tube is sunk to the point d, the length a6 is 
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528 millimetres ; the space df double e f, is that 
supposed to be occupied by the ether when it is 
entirely reduced to vapour. 

The 528 millimetres were graduated on a sepa~ 
rate scale, which was applied when required to the 
tube, as it was graduated towards the upper part. 

The apparatus, prepared as above described, 
being closed at the extremities a, f, was heated 
with the requisite precautions. At the moment in 
which the ether was completely reduced to vapour, 
the level 6 of the mercury rose to the point g, the 
distance of which from the point a is 14 milli- 
metres; thus the column of air, which was 528 
millimetres long, was reduced to 14 millimetres; 
this indicates a pressure of 37 or 38 atmospheres. 
This experiment three times repeated gave each time 
the same result. 

Ether is, therefore, susceptible of being reduced 
to vapour in a space less tham double that of its 
original volume, and in this state of vapour, it 
exerts a pressure of 37 or 38 atmospheres in the 
tube which contains it. 

Exper, 2.—Alcohol of specific gravity 0°817 was 
substituted for ether in the apparatus above de- 
scribed by opening the ends f and a; the alcohol 
occupied the space fe, that is to say, one-third 
of that supposed to be necessary for the total 
conversion of the alcohol into vapour. The mer- 
cury occupied the space b’ bc de’, and filled the 
small tube, when, by inclining the apparatus, the 
level e’ was sunk tod. The length of the column gz 
of air a b’ was 476 millimetres. After the extre- 
mities a and f were closed by the blowpipe, the 
apparatus was exposed to heat with the same pre- 
cautions as observed with respect to the ether. 
At the moment in which the alcohol was totally 
reduced to vapour, the level b’ of the mercury 
rose to the point g’, that is to say, to four milli- 
metres from the point a. Thus the column of air, 
of 476 millimetres in length, was reduced to four 
millimetres, which indicates a pressure of 119 
atmospheres. 

Alcohol may, therefore, be totally reduced to vapour in a 
Space rather less than three times that of its original volume; 
and at this degree of expansion, it exerts a pressure of 119 atmo- 
spheres on the tube which contains it. 

_ The extremities a and f were a little drawn out, in order that 
they might be more readily closed by the blowpipe; and the 
capacity of these parts of the tube was ascertained - introduc~ 

e 
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ing a little mercury, which was afterwards passed into the cylin- 
drical part of the tube as a method of measuring it. By this 
precaution, it was determined, for example, that the length 
aa’ of 10 millimetres ought only to be reckoned as two, &c.; 
the results which have been stated were obtained in this mode. 
When the apparatus was cold, a small bubble of gas was 

observed to have been formed above the alcohol, but it pro- 
duced a difference of only two millimetres in the level of the 
mercury in the small tube above J’. ; 

In order to determine the degree of heat at which the ether 
and alcohol are reduced to vapour in these experiments, the 
tubes containing these fluids were heated in oil, in which a 
thermometer was placed. A cylindrical glass vessel was em- 
ployed to contain the oil; by these means it was easy to deter- 
mine the moment at which the liquids in the tubes were reduced 
to vapour ; it was found that ether required 160°, and the alcohol 
207° of Reaumur. 

The apparatus above described for determining the pressure 
exerted by ether and by alcohol, was also subjected to the heat of 
the oil bath; but a refrigerator was previously adjusted to the 
upper part of the smalltube containing the column of air, by which 
the temperature of the column was constantly kept at 18°. -The 
results, as to the degree of vaporization and to the pressure 
exerted, agreed with those which have been described. 
When my memoir was read to the Academy, I announced that 

water heated in glass tubes altered their transparency, so as to 
prevent any observation of what took place; since that period I 
have found that by adding a small quantity of carbonate of soda 
to the water, the transparency of the glass was much less 
injured.- By this method, I ascertained, although with some 
difficulty, on account of the frequent breaking of the tubes, that 
at about the temperature of melting zinc, water may be com- 
pletely reduced to vapour in a space equal to nearly four times 
that of its original volume. 

ARTICLE X, 

ANALYSES or Books. 

Transactions of the Royal’ Geological Society of Cornwall, 
Vol. IT. 1822. 

We are happy to introduce to our readers’ attention this 
second volume of the labours of our scientiiic brethren in Corn- 
wall; the papers it contains are replete with facts that are of 
much importance, not only in their applicability to practical pur- 



1823.] Geological Transactions of Cornwall, Vol. II. 295 

poses, but as tending to elucidate some of those more difficult 
and interesting subjects of geological research, respecting the 
true nature of which there is such a diversity of opinion. A 
considerable portion of the volume is occupied by four papers 
on the temperature of mines, the contents of which we shall not 
advert to in the present article, as a memoir on the subject will 
shortly appear in the Annals, containing a full account of the 
facts which are detailed in them. Before we proceed to a brief 
analysis of the other papers, it may be well to state, from the 
preface, that the construction of a Sein oe map of Cornwall, 
mtended, according to the wishes of the Society, “ to show not 
only the varieties of rocks, but also the locality and position of 
the principal metalliferous veins, and the cross-courses which 
intersect them, has already occupied much of the time and 
attention of some members;”. but this, it is observed, “ is an 
undertaking of immense extent and labour; and the map of the 
lodes in one parish (St. Just) given in the present volume, will 
at once show the nature and importance of the plan, as well as 
the time requisite for the completion of such an undertaking.” 

E. On some Advantages which Cornwall possesses for the Study 
of Geology, and on the Use which may be made of them. By John 
Hawkins, Esq. FRS. &c. Hon. Mem. GSC. 

The advantages of Cornwall for the study of geology, are 
stated in this short paper to arise from its being a primitive 
country, having greater facilities for observation than any inland 
country can possess ; and from the immense extent and import- 
ance of its mining concerns. In illustration of some remarks on 
the vague use of language in this science, the following state- 
ment is given. 

“ It is long since the attention of geologists has been drawn 
to the disposition observable in every distinct rock mass, to 
separate in a form which is in some measure characteristic of its 
composition ; although to this day, as far as I know, no general 
name has been given to this phenomenon. By some who have 
noticed a degree of uniformity in the angles resulting from the 
inclination of so many plane surfaces, it has been confounded 
with crystallization, and by others, on rather better grounds of 
reasoning, with stratification ; although from the first it differs 
in the very material point of the structure of its mass, which is 
not one crystal, but an aggregation of crystals; and from the 
other, in that of continuity. It seems to be the effect of the 
contraction of matter at the period of its consolidation, and is 
common both to the volcanic and the Neptunian formations ; 
and this theory derives a further confirmation from the influence 
which the size and form of the aggregated parts of the mass 
have in the mode of its division. 

“1 know of no better generic name for this distinctive cha- 
racter, than that of articulation, while most of its specific forms 
might be expressed by the terms prismatic, cuneiform, rhom- 
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boidal, and tabular, of all which we are at no loss for examples 
in this county.” 

Il. and Ill. On the Temperature of Mines. By Robert W. 
Fox, Esq. MGSC. 

IV. On the Stratified Deposits of Tin-stone, called Tin-floors, 
and on the Diffusion of Tin-stone through the Mass of some pris 
mitive Rocks. By J. Hawkins, Esq. FRS. &c. Hon. Mem. GSC. 

In Cornwall, Mr. Hawkins observes, the veins of tin are so 
rich and so numerous, that, with the exception of the alluvial 
beds of that metal, in the stream-works, every other mode of its 
deposition in the earth seems to have been disregarded. He 
then expresses his opinion that the same interest of capital 
which is obtained by working the tin-lodes, or even a greater, 
“might be obtained, with infinitely less fluctuation in its amount, 
from situations where nature has scattered her favours with a 
more sparing hand, but in a more equal manner: ” alluding “ to 
those mineral deposits, which our miners call tin-floors, and more 
particularly to those important objects of mining industry, which 
the Saxons call stock-works, should they be found to exist here.” 

These remarks are succeeded by some information on both 
these subjects, partly extracted from the author’s own journals, 
and partly from the printed reports of very accurate observers. 
Tin-floors “are said to occur at Bal-an-uiin, in the parish of 
Lelant, and at Huel-grouan in the parish of Breage; and, if I 
am rightly informed,” continues the author, “‘ Curclaze mine, 
near St. Austle, belongs tu this class, and merits a very parti- 
cular examination.” The tin-floors on the sea-cliffs of the 
parish of St. Just are next described; but we shall extract a 
more particular account: of these from a subsequent paper, by 
Mr. Carne. Such beds ure not unfrequent, it is stated, in the 
highest ridge of the mountains ‘which constitute the boundary 
line between Saxony and Bohemia. Those at Zinnwald are on 
one of the highest points on the Bohemian side; “the strata here 
consist of a fine grained, half decomposed granite, which alter- 
nates with the tin-floors. These again consist of quartz, mica, 
and gneiss,” in the two latter of which the tin is found inter- 
Spersed together with fluor spar and wolfram. ‘‘ Similar floors, 
composed of magnetical ironstone, tinstone, and pyrites, occur 
in other parts of the same range of mountains :” the most con- 
siderable of these is situated at Breitenbrunn. 
Whatare called tin-floors at Trewidden Bal mine, in the parish 

of Madron, in Cornwall, are, correctly speaking, “small, very 
short fissures or veins, which run partially through the elvan, 
varying in breadth from half an inch to eight or nine inches, and 
so regular and interrupted as to render it difficult tu ascertain 
either their direction or their underlie. These small capricious 
veins appear frequently to diverge from a central body, and then 
bear some resemblance in form to the spreading roots of a tree.” 
It.is afterwards stated, from another part of the author’s journal, 
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that these floors underlie four feet in six to the north-east, and 
that they occur in a white porphyritical rock. “The famous 
Stock-work at Altenberg (a stumbling block in the way of geo- 
logists), is nothing else than a large mass of the mountain 
impregnated with tinstone, occasioned. by the meeting of a 
number of lodes and veins at this point, some of these crossing 
each other nearly at right angles, some bearing each other along 
in their crossing, and others stretching along in a parallel or 
nearly parallel direction. The same natural cause seems to have 
produced, at the same period, an infinite number of smaller veins 
and fissures, which run in all directions through the rock, so 
that many parts of the Stock-work bear a striking resemblance, 
on a larger scale, to the veined varieties of common marble. 
The veins here are chiefly of quartz, and are united to the rock 
im such a manner as to indicate their coeval formation. It is 
remarkable, however, that the tin lies for the most part dispersed 
through the latter, and this circumstance has given occasion to 
the very singular mode of working the mine; for as no profit 
attended the driving upon regular lodes, and. the mass of rock 
was unequally impregnated with tin, the greatest degree of 
irregularity appears to have marked the progress of the excava- 
tions from their commencement....The rock itself, which com- 
poses the Stock-work, is a variety of porphyry, the mass being 
a fine mixture of chlorite earth and clay, in which the grains of 
felspar and quartz are scarcely perceptible.” 

To this follows some particulars of the Stock-work at Geyer, 
in Saxony ; and, after adverting to the probable existence of 
similar veiniferous masses of rock in Cornwall, Mr. Hawkins 
concludes his paper with the following advice as to the proper 
mode of working them. 

“ T would suggest the expediency of removing the whole mass 
of impregnated rock from the surface downwards, in successive 
terraces or levels; most earnestly recommending the immediate 
adoption of the Saxon process of stamping and dressing. No 
man who has witnessed this process, can forbear reprobating 
our own, as rude, wasteful, and inefficient ; for if, with any 
truth, it may be said, that in the art of mining we are inferior to 
our continental neighbours, we are so ina most shameful degree 
in the department which | have just mentioned.” 

V. On the relative Age of the Veins of Cornwall. By Joseph 
Carne, Esq. FRS. MRIA. Hon. MGS. MGSC. 

In the commencement of this extended and elaborate commu- 
nication, after some remarks on the number and variety of the 
mineral veins of Cornwall, and on the diversity of sentiment 
respecting the formation of veins, Mr. Carne observes, “ with 
respect to their comparative or relative age, I apprehend all par- 
ties (except those who hold that all veins are contemporaneous, 
and were formed at the same titne as the containing rocks), are 
agreed on: this important principle ; that a vein which is inter- 
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sected, or traversed, by another vein, is older than the vein by 
which it is traversed.” On this principle, he proceeds, “ I would 
make a humble attempt to ascertain the relative age of the 
veins of Cornwall.” 

By atrue vein, Mr. C. understands: “ the mineral contents of a 
vertical, or inclined fissure, nearly straight, and of indefinite length 
and depth.” To the distinctive characters of contemporaneous 
veins, he adds the following: “‘ When these veins meet each other 
in a cross direction, they do not exhibit the heaves, or mterrup- 
tions, of true veins, but usually unite. In a multitude of con- 
temporaneous veins, some may appear to be heaved; but the 
apparent heave seldom affects more than one vein, and it is, in 
general, easy to perceive that what appear to be separate parts 
of the same vein, are different veins which terminate at or near 
the cross vein. When they meet with true veins, they are 
always traversed by them. 

«‘Withall these descriptive particulars, however, it is frequently 
very difficult to distinguish true from contemporaneous veins ;”’ 
and, for this reason, Mr. Carne arranges the veins of Cornwall 
into three orders, of Contemporaneous, Doubtful, and True 
veins. 

The first order comprises veins of the following substances : 
Granite in Granite, Kelspar, Mica, Shorl, Shorl-rock, Quartz, 
Actynolite and Thallite, Axinite, Garnet-rock, Prehnite, Chlo- 
rite, Ironstone, or Irestone (compact hornblende, with chlorite 
and quartz), Serpentine, Greensione, Asbestus, Agate, Calcareous 
Spar in Limestone, Jasper, Opal, and Iluor Spar. 

The second order commeuces with “ granite veins in slate,” 
of which the following account is given: “ These have been 
discovered in no less than fourteen places on the coast of the 
western part of Cornwall, between Ponthleven and St. Ives 
Head, viz. (beginning at the most eastern point). 1. About 
half a mile eastward of Trewavas Head, in the parish of Breage. 
2. On the eastern side of Portcue Cove, in the same parish. 
3. On the western side of the same Cove. 4. At St. Michael’s 
Mount. 5. At the village of Mousehole. 6. At Rosemodnis, 
three miles south-west of Mousehole. 7. At Carnsilver, about 
half a mile west of Rosemodris. 8. Near Whitesand Bay, 
between the Land’s End and St. Just. 9. At Porth Just, join- 
ing Cape Cornwall in the south. 10. At Polladan Cove, joming 
the same Cape on the north. 11. At Chycornish Carn, near 
Botallack. J2. At Pendeen Cove, in St. Just. 13. At Polmear 
Cove in Zennor. 14. At the Cove north of Zennor church.” 
“The relative ages of those veins has been a subject of as much 

discussion as almost any point in geology; especially as it 
appears to involve several other points, which are deemed, by 
different parties, of essential consequence to their systems. I 
believe the more they are examined, the more difficult it will be 
found to form any consistent theory respecting them : in order, 
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however, to be convinced of this, it is necessary to examine them 
‘at every place where they have been discovered ; for so different 
are their appearance, and attendant circumstances, im different 
parts, that a very plausible theory made with reference to the 
veins of one spot only, will be found quite inconsistent with those 
-of another. From the whole, however, the following facts may 
be collected : 

“1, They occur only at, or near, the junction of the granite 
and slate. 

«<2. They are not metalliferous. 
“3. They have no general direction or position. At Mousehole 

and Polladan Cove, they run east and west: those at St. Mi- 
chael’s Mount, and some at Porth Just, run west-north-west 
and east-south-east ; those at Polmear Cove, north and south. 
Some are quite vertical, as at Portcue, Rosemodris, and Polmear 
Cove: those at St. Michael’s Mount and Mousehole are nearly 
so: Others are inclined at different angles, as at Trewavas Head, 
Porth Just, and Chycornish Carn; and others quite horizontal, 
as at Polmear Cove: at the latter place, indeed, they may be 
seen in almost all positions. 

“4, Their direction is usually as straight, and their size as 
regular, as those of true veins ; but in some cases, they become 
smaller as their distance from the granite mass increases. 

“5, Their greatest length has never been ascertained : some at 
Rosemodris may be traced in the slate nearly 200 feet, and are 
then lost in the sea. 

“6. The granite of the veins generally appears different from 
that of the main body; it is of much smaller grain: it contains 
a much larger proportion of quartz, and very little mica ; some- 
times, indeed, mo mica at all. 

“7, The slate which is contiguous to the veins becomes almost 
imperceptibly changed from clay-slate to mica-slate, and some- 
times has even the appearance of gneiss. 

“8. The slate which is close to the veins is frequently much 

harder than that which is more distant from them, and its tex- 

ture is, in general, not so slaty. 
“9. At St. Michael’s Mount, and Polmear Cove, the veins 

may be traced to the granite mass, with which they appear to 
be in complete union, and to form one body, losing entirely their 

character as veins. Whether the other veins unite with the 

granite mass or not, has not been ascertained, as the point of 
unction is seldom accessible, or even visible. 
“10, At Carn Silver, one of the veins may be traced from the 

slate info the granite mass. This is the only instance which I 

have discovered of a granite vein penetrating both the slate and 

the granite. 
“11, Some veins (as at Carn Silver, Chycornish Carn, and 

Pendeen Cove) are closely connected with the slate, and the 

two bodies appear intimately united, and inseparable: in fact, 
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they appear contemporaneous. Others (as at Trewavas Head, 
the western side of Portcue Cove, Rosemodris, and Polmear 
Cove), are so easily separable from the slate, and have walls so 
distinct, that, under any other circumstances, they would be taken 
without besitation for true veins. 

«12, Fragments of slate are visible in several of the veins, as at 
Trewavas Head, St. Michael’s Mount, Mousehole, Porth Just, 
&e. Ihave not observed them in the main body of granite. 

“13. At Mousehole, and at St. Michael’s Mount, the slate is 
intersected by numerous small quartz veins, some of which are 
traversed by the granite veins ; others, on the contrary, traverse 
and heave both the granite veins, and the other quartz veins. 

“14, At Mousehole, and Whitesand Bay, where a junction of 
the main bodies of granite and slate takes place, they appear, at 
some points, so completely intermixed, as almost to exclude 
any other idea than that of contemporaneous formation, 
although, at other points, the junction is distinct and regular. 

“15. In most other places where the junction occurs, the slate 
reposes on the granite, without any appearance of a dislocation, 
or disturbance of the strata, particularly at Porteue Cove, Carn 
Silver, and Polmear Cove.” 

After having thus described these curious objects of geological 
inquiry, Mr. Carne briefly examines the various opinions which 
have been entertained respecting their origin and formation. 
He then proceeds to describe the remaining veins of the doubt- 
ful order; viz. veins of steatite, veins of calcareous spar, elvan 
courses, and veins of oxide of tin. 

(To be continued.) 

ArrticLe XI. 

: Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

Feb. 20.—The réading of a paper, entitled, Experiments on 
the Velocity and Force of Sound, made at Madras, by John 
Goldingham, Esq. FRS. was resumed and concluded. 

Mr. Goldingham commenced his paper with an account of 
former experiments, calculations, and assertions, relating to the 
velocity and force of sound, upon the diversities of which, he 
stated, the experiments he was about to detail would probably 
throw some light. He had made some experiments in the years 
1793 and 1796, but the results of them had not been published ; 
and more favourable circumstances for the prosecution of the 
inquiry had since occurred. The experiments and attendant 

———— 
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observations on the subject, which Col. Beaufoy, in the Annals 
of Philosophy for Sept. 1814, had recommended to be made in 
England, Mr. G. had instituted at Madras. 

‘The observatory at Madras is peculiarly well adapted for the 
requisite experiments and observations: it is situated in 
80° 17’ 21” E. long. and 13° 4’ 9-1” N. lat. between Fort St. 
George and the artillery cantonments at St. Thomas’s Mount; 
being distant from the former 13,9522 feet, and from the latter 
29,547 feet. These distances were determined by a precise 
measurement, founded on part of Col. Lambton’s Trigonometrical 
Survey. 

At the Fort, as is usual in fortified places, a gun is fired morn- 
ing and evening ; in the morning at day-light, and in the even- 
ing at eight o’clock ; at the artillery cantonments, a gun is fired 
at sun-rise and at sun-set. The guns are both 24 pounders, are 
each charged with eight pounds of powder, and are pointed, 
though not exactly to the observatory, yet very nearly in. its 
direction. The distance of the Mount gun from the observatory 
being about double that of the Fort gun, a good opportunity 
was afforded of determining whether sound travels at the same 
rate through paths of different length. 

The observations were made with Arnold’s chronometers, 
usually making 100 beats in 40 seconds ; sometimes there were 
three observers, the author and two Bramin assistants at the 
observatory, but more commonly there were only two. Each of 
them began to count on seeing the flash of the gun, and ceased 
on hearing its report; and then wrote down his observation 
without communicating it to the other; the observations were 
afterwards given to Mr. G. for registration. ‘The states of the 
barometer, thermometer, and hygrometer, the direction of the 
wind, and the general state of the weather, were noticed at 
the time of each observation. 

Mr. Goldingham gave, in eleven tables, the results of the 
observations thus made ; from which it appears that the mean 
velocity of sound, by the observations on the Fort gun, is 
1142.18, feet per second ; and by those in the Mount gun 1142-5. 
feet; the mean of both series being 1142-24, feet per second : 
so that the mean rate at which sound travels, as deduced from 
these observations, is, almost precisely, that which Newton and 
Halley have assigned. 

Mr. Goldingham’s observations likewise show that the velo- 
city cf sound is considerably affected by the different states of 
the atmosphere and of the weather, and by the wind, contrary 
to whathas been asserted. The close agreement of the mean velo- 
city by the Mount gun with that by the Fort gun evinces that 
sound does travel equably through paths of different length. 
The last table showed the mean velocity at Madras for each 
month ; the velocity increases to a maximum at the middle of 
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the year, being then 1164 feet per second: the minimum is 
1099 feet. 

At this meeting, a paper was also read, on the Question as to 
the Evolution of Heat during the Coagulation of the Blood, by 
Charles Scudamore, MD. &c. (Communicated by the President.) 
A part only of this paper was read, and the remainder post- 

oned to a future meeting. 
Feb. 27.—The reading of Dr. Scudamore’s paper was resumed 

and concluded. 
In this paper, Dr. Scudamore examined the results as to this 

subject, which had been obtained by Mr. John Hunter, Dr. J. 
Davy, and the late Dr. Gordon, of Edinburgh, and expressed 
his belief that the experiments which he had made upon it 
would explain the reason of their discrepancies. He then 
described those experiments ; in some of them the successive 
temperatures of the coagulating blood were compared with those 
of a solution of starch in water while cooling, and also with 
those of pure water under the same circumstances; and he 
inferred from the whole, that a slight evolution of heat does take 
place during the coagulation of the blood. It commences when 
the fibrin begins to concrete, but continues throughout the 
coagulation ; in some instances the temperature rose 1°. Some 
of the discordancies in the statements of former experimenters 
appear to have arisen from the difference in temperature of dif- 
ferent parts of the same portion of coagulating blood. 

The following paper was also read at this meeting : On the 
Double Organs of Generation ‘n the Lamprey, Conger Eel, 
Common Eel, and Barnacle, which impregnate themselves, and 
in the Earth Worms, the Individuals of which Class mutuall 
impregnate each other. By Sir Everard Home, Bart. VPRS. 

The author of this paper had formerly shown that the tere- 
dines were hermaphrodites, subsequently that such also was the 
nature of the lamprey; and had recently ascertained that 
the conger aud the common eel were similarly characterized. 
He was inclined to adopt the opinion of the President of the Society, 
that the last mentioned animals are in reality the same species, 
tireir ditierence in size and colour arising from the circumstance, 
thatthe one livesin salt water, andthe otherinfresh. To determine 
the fact, an experiment had been instituted by Sir Humphry, 
and was now going on in Cornwall: young eels, it had been 
found, soon died im salt-water, but an old one did not appear to 
suffer any inconvenience in it, and had begun to turn green. 

These remarks were succeeded by a particular account of the 
double organs of generation of the animals mentioned in the 
title of the paper, and of their mode of copulation, with correc- 
tions of the mistakes that former observers had made when exa- 
mining their anatomy: the species of barnacle examined was 
the Lepas anatifera. 
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A series of microscopical drawings by Messrs. Bauer and 
Clift illustrated the details in this paper. 

March 6.—On a new Phenomenon of Electromagnetism, by 
Sir H. Davy, Bart. PRS. ; 

The experiment described in this paper had been first made 
by the author about fifteen months ago; but had been repeated 
by him, very recently, through the kindness of Mr. Pepys, with 
a battery consisting of two plates, each containing 1U0 square 
feet, which had been constructed, under the direction of that 
gentleman, for the London Institution ; and of which, Sir Hum- 
phry hoped, Mr. Pepys would communicate a description to the 
Society. ‘The experiment, however, might be made with a pair 
of plates each containing three or four square feet only. 
gi Humphry had conceived, immediately after the publica- 

tion of Mr. Faraday’s ingenious experiments on electromagnetic 
rotation, that if mercury could be made to revolve by electro- 
magnetism, some new light might be thrown upon the subject, 
as the motions of that substance could not be affected by the 
disadvantages attending mechanical suspension. On immers- 
ing, accordingly, the two wires of a battery in mercury, and 
presenting a magnet to them, either above or below, the 
mercury was made to revolve around the wires. From the 
appearance of the motion, Sir Humphry was induced to be- 
lieve that it could not be owing to any simple action, but 
that it must be the result of a composition of forces; and’that 
some kind of motion would be produced in mercury by the 
agency of electricity alone. In order to determine this, he 
covered the surface of the mercury with weak acids, and with 
finely divided matter, as the seed of lycopodium, the white 
oxide of mercury, &c. ; but no distinct effects could be observed. 
It then occurred to him, that, from the circumstances of this 
experiment, the motion, if any took place, must be chiefly con- 
fined to the lower surface of the mercury; and he therefore 
reversed it. Two copper wires, one-sixth of an inch in diame- 
ter, and carefully polished at their extremities, were passed, per- 
pendicularly, through the bottom of a glass basin, and made 
non-conductors by wax, except at their extremities. Mercury 
was then poured in, to the height cf one-tenth of an inch above 
the wires, and, upon connecting them with the battery, it was 
thrown into violent motion, being raised, over the wires, into 
conical elevations of one-tenth or one-twelfth of an inch, from 
which waves flowed in all directions. Upon bringing a magnet 
over the wires, the conical eminences were depressed, the circu- 
lar motion ceased, and currents were produced in the mercury 
in opposite directions ; and, upon its nearer approach, the emi- 
nences were converted into vortical depressions. 

That the motion given to the mercury by the agency of elec- 
tricity, as just described, did not arise from the heat produced, 
was experimentally determined; when the large battery was 
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employed; the whole apparatus was converted into a thermome- 
ter, and, when the motion commenced, there was no increase of 
yolume in the mercury; nor could the motion have been pro- 
duced by electric repulsion. 

Sir H, Davy would not enter into the conjectural part of the 
subject any further than to state, that the experiments he had 
described were unfavourable to the idea, that the phenomena of 
electromagnetism were produced by the motions of a single 
fluid ; and that the motion communicated to mercury by electric 
agency seemed to be produced by a fluid, moving either in nght 
lines or in undulations from each wire as a centre. He con- 
cluded by observing, that he thought it right to state a circum- 
stance, which, though known to many Fellows of the Royal 
Society, was not generally understood: this was, that we owe 
to the sagacity of Dr. Wollaston, the first suggestion of electro- 
magnetic rotation; and that, had not an experiment on the 
subject, made by Dr. W. in the laboratory of the Royal Institu- 
tion, and witnessed by Sir Humphry, failed, merely through 
an accident which happened to the apparatus, he would have 
been the discoverer of that phenomenon. 

March 13.—On Fluid Chlorine, by M. Faraday, Esq. (Com- 
municated by the President.) 
Previous to the year 1810, it had been supposed that the 

erystals which form in aqueous solutions of chlorine at tempera- 
tures below 40° were pure chlorine, but Sir H. Davy then 
showed that they were an hydrate of that substance, During 
the late cold weather, Mr. Faraday had made some experiments. 
on this hydrate, and an analysis of it, an account of which will 
be found in the 15th volume of the Journal of Science ; it con- 
sists of 27°7 chlorine, and 72°3 water, or, nearly, of one propor- 
tion of the former to ten of the latter. The President of the Royal 
Society suggested, that interesting results might be obtained by 
examining the decomposition of this.compound under pressure, 
and requested the author to make some experiments on the 
subject. 
Some of the crystals, dried as much as possible by being 

pressed in bibulous paper, were introduced into a closed glass 
tube, the open extremity of which was then hermetically sealed. 
When this tube was immersed in water at the temperature of 60°, 
no alteration took place in the crystals ; but when it was placed 
in water at 100°, they were decomposed, and two fluids resulted ; 
one of a pale-yellow colour, and apparently water; the other of 
a deeper greenish yellow ; resembling chloride of azote. This 
did not mix with the water, but when the tube was cooled to 70°, 
they again crystallized in union. Above the fluids there was an 
atmosphere of chlorine, the intensity of the colour of which indi- 
cated that it was of great density. Upon dividing the tube, a 
report took place, as of an explosion, the yellow fluid instantly 
disappeared, and a strong atmosphere of chlorine was. produced. 
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the author at first conceived that the yellow fluid might be a 
new hydrate of chlorine ; but he found that it was also produced 
by introducing a portion of the gas, dried over sulphuric acid, 
into a glass tube to which a stop-cock was attached, and then 
forcing in air by means of a condensing syringe, at the same 
time applying cold ; so that in reality it was fled chlorine. 

This. fluid may be distilled out of the water by means of a 
spirit-lamp ; at whatever temperature it is produced, it is per- 
fectly limpid and fluid, and it remains so at 0°; it is very vola- 

tile; and when exposed at the common pressure of the atmo- 
sphere, a portion volatilizes, the remainder being cooled down. 

so low by the evaporation, as to preserve, for a time, its fluidity. 
By comparing the weights of apparently equal volumes of water 
and chlorine, the specific gravity of the latter seemed to be 
1:33; and that this estimate cannot be far from the truth, 
the manner in which the chlorine lies in the water is evinced by. 
A note had been annexed to this paper by Sir H. Davy, in 

which he stated, that Mr. Faraday’s experiments had induced 
him to think, that other gases beside chlorine might be reduced 
to a liquid state by the pressure of their own atmospheres, when 
evolving from substances containing them; and that, in order to 
verify this conjecture, he placed sulphuric acid and muriate of 
ammonia in different parts of a-glass tube, and, after sealing the 
tube, brought them into contact ; when an orange-coloured fluid 
was produced, which was muriatic acid. Although the two 
substances employed were as pure as they could be obtained, 
yet the orange-colour of the resulting liquid, he considered, 
might be owing to iron. Sir Humphry concluded with some 
remarks upon the superiority which this method of condensing 
the gases possesses over those of mechanical compression and 
the application of cold. 

LINNEAN SOCIETY. 

Feb. 4.—The reading of a paper, on Lansium and other 

Malayan Plants, by Dr. William Jack, FLS. which had been 
commenced at the preceding meeting, was resumed and con- 

cluded; and the following paper was read: Catalogue of 

the Land and Freshwater Shells found in the County of 

Suffolk, by the Rev. Revett Shephard, FLS. Dr. Maton and 
Mr. Rackett having given the habitats of the land and fresh- 

water shells in the midland and western counties, in vol. viii. of 

the Linnean Transactions; the purpose of this paper was to 

supply those of Suffolk and Essex. The author adopted the 

Linnean arrangement, the genera of which, he was of opinion, 
were the best for land and freshwater shells; though, at the 

same time, he expressed his approbation of M. Draparnaud’s 
work, observing that his genera, considering them as subdivi- 
sions of the Linnean, were secundum naturam. 

Feb. 18.—The following papers, by Major-Gen. Hardwicke, 
FRS. and FLS. were read, all of which were illustrated by 

New Series, vou, v. x 
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beautiful drawings made by Indian artists :—Description of the 
Sciurus sagitta of Linneus ; Account of the Buceros galeatus of 
Shaw; Description of anew Species of Phastanus ; Description 
of the supposed Female of Phastanus cruentus; Description of 
a small Antelope, a Native of the Himalaya Range, and of the 
Mountains in the Nepal Frontiers, called by the Natives Goral; 
Description of an Insect which appears to be a new Species 
of the Scutigera of Latreille, or Cermatia of Leach: 

March 4.—Description of the Skeleton Head of the long- 
snouted Alligator of the Ganges, or Lacerta Gangetica of 
Linneus, presented to the Linnean Society, together with the 
entire Skeleton of a young Subject of the same Species, by 
Major.-Gen. Thomas Hardwicke, FRS. &c. 

At the same meeting was read, A Description of a Serpent 
hitherto supposed of the Genus Boa, and the Boa Phrygia of 
Shaw. — 

March 18.—The following papers were read : 
Observations on the generic Character of Locusta, with the 

Description of a remarkable Species. By the Rev. Lansdown 
Guilding, BA. FLS. &c. 

The Natural History of Phasma ramulus. By the same. 
Observations on the Genus Asalaphus, with the Description 

of a new Species. By the same. ) 
» On the Nature of the Marine Production commonly called 
Flustra arenosa; considered by Ellis and Gmelin as belonging 
to the Order Vermes Zoophyta; but rather to be considered as 
the Matrix of Nerita glaucina, by John Hogg, Esq. BA. FLS. 
St. Peter’s College, Cambridge. 

Description of the Taile Bat, by Major-Gen. Hardwicke. 
Description of Fuverea agavephylla, the Agave Cubensis of 

Linneus and Jacquin, and the A. Mexicana of Lamarck, by 
M. Felix de Avelear Protero, Prof. Bot. Coimb. 

- On the Generic and Specific Characters of the Chrysanthemum 
Indicum of Linneus, and of the Plants called Chinese Chrysan- 
themums, by Joseph Sabine, FRS. FLS. &c. . 

GEOLOGICAL SOCIETY. 

Jan. 3.—A paper was read, on the Beds of Limestone and 
Clay of the Ironsand of Sussex, by Gideon Mantell, Esq, MGS. 
and Charles Lyell, Esq. MGS. 

Mr. Mantell traces the direction of the calcareous beds con- 
nected with the ironsand formation in the county of Sussex, and 
enumerates their several localities ; to which he subjoins draw- 
ings and descriptions of some of the most remarkable. fossils 
found in the limestone of Tilgate Forest. He then addsa letter 
addressed to him by Mr. Lyell,- containing an account of the 
strata in the neighbourhood of Horsham, with a section of the 
quarry of Stammerham, and with remarks on the phenomena 
presented by the grooved and furrowed surfaces both of the 
calcareous and sandstone beds of that country. SEER nent eeeened a 

—— 
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A Notice was then read, accompanied with Specimens, by 
Charles Daubeny, MD. FRS. and MGS. Professor of Chemistry 
at Oxford, illustrative of the Strata cut through in the Seven 
Rakes Mine, near Matlock, Derbyshire. 

After describing the qualities of the strata of limestone and 
toadstone, their dimensions and connexions with each other, and 
the minerals which they contain, both in veins and regularly 
disseminated through the mass; Dr. Daubeny concludes with 
general observations on the phenomena which they present. 
He considers that there would be great difficulty in reconciling 
the facts there observed with that theory which refers to an 
igneous origin the formation of the toadstone. 

‘eb. 21.—Two letters were read, communicated by the Presi- 
dent, addressed by Joseph Byerly, Esq. to B. Fayle, Esq. con- 
taining some notices on the Geology of Sierra Leone. 

~ At Sierra Leone and in the immediate neighbourhood, sienite, 
a Seta and basalt, are the predominant rocks. 

eb. 21 and March 7.—A paper was read, entitled, “ Notes 
on the Geography and Geology of Lake Huron, including a 
Description, accompanied by Drawings, of new Species of 
Organic Remains,” by John Bigsby, MD. MGS. 

In this paper, the author enters in some detail into a geogra- 
phical and geological description of the coast and islands of 
Lake Huron in North America. The greater part of the north- 
ern shore is composed of primitive rocks ; while the Manitou- 
line islands which stretch nearly across the centre of the lake, 
with the southern coast, are entirely composed of secondary 
calcareous formations. To this paper is subjoined a map of 
Lake Huron, and plates illustrative of the organic remains 
which are contained in great abundance in the limestone rocks. 

March 2\.—A paper was read, entitled, “ Observations on 
the Belemmite,” by J.S. Miller, Esq. ALS. communicated by the 
Rev. W. D. Conybeare, MGS. 

The author commences this paper with an historical sketch of 
the various opizions which have been entertained with regard 
to the belemnite, and of the works of those naturalists who have 
treated of that fossil. He enumerates the various names which 
ignorance or superstition assigned to it in the earlier periods ; 
and, lastly, the almost equally discordant and imperfect theo- 
ries which have been successively advanced on the same subject 
by writers of a more recent date. Mr. Miller then offers his 
own opinion on the original structure and nature of this organic 
body, and adds the reasons and the experiments which have led 
him to his conclusions. He considers the belemnite to have 
been an animal of the Cephalopodous division of the mollusca, 
inhabiting a fibrous spathose conical shell, divided into cham- 
bers connected by a siphunculus, and beyond which shell 
extended a protecting guard or sheath. Mr. Miller refers the 
internal radiated texture to its original organic structure, and not 
to any subsequent process of crystallization. To this paper is 

x 2 
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subjoined an enumeration and description of the various species 
of belemnites, accompanied by plates illustrative of their form 
and structure. 

ASTRONOMICAL SOCIETY. 

The Third Anniversary Meeting of this new association, 
which is rapidly advancing in importance and prosperity, was 
held at the Society’s Apartments, No. 55, Lincoln’s Inn Fields, 
on Friday the 14th of February last. At this meeting, a report 
from the Council was read, stating, among other matters, that 
the Society now consisted of 187 effective members and asso- 
ciates, including the greater number of the eminent astronomers 
of Europe ; that the funds were in a flourishing condition ; and 
that great progress had been made im establishing an astronomi- 
cal library, which would shortly be opened for the use of the 
members. <A. just tribute of respect to the memory of the 
lamented President of the Society, was likewise paid in this 
report, as well as to those of Sir Henry Englefield, Dr. Hutton, 
M. Delambre, M. Tralles, and several other valuable members, 
of whom the Society had been deprived by death during the 
past year; and it concluded by calling upon the members and 
associates, generally, to promote the objects of the Institution 
by every means in their power, and particularly by the transmis- 
sion to the Society of such papers and observations as might 
become useful by their registry and comparison, A minute 
investigation of the heavens was also recommended to be 
effected by dividing them into small portions, each to be exa- 
mined by an individual member. . 

The following officers were then elected for the ensuing year; 
President.— Henry Thomas Colebrooke, Esq. FRS. and FLS, 

_ Vice-Presidents—Francis Baily, Esq. FRS. and FLS. ; Major 
Thomas Colby, Roy. Eng. LLD. FRSL. and E.; Davies Gilbert, 
Esq. VPRS. and FLS.; Sir Benjamin Hobhouse, Bart. FRS, 
Misa a William Pearson, LLD. FRS. 
Secretaries—Charles Babbage, Esq. MA. FRSL. and E,; 

John Millington, Esq. MGS. Prof, Mech. Phil. Roy. Inst. 
. Eoneign Secretary.—J, F. W. Herschel, Esq. MA, FRSL. 
and E. . 

Council.—Capt. F. Beaufort, RN, FRS.; George Dollond, 
Esq. FRS.; Benjamin Gompertz, Esq. FRS.; Stephen Groom- 
bridge, Esq. FRS.; James Horsburgh, Esq. FRS.;. Daniel 
Moore, Esq. FRS. FSA. and FLS.; Peter M. Roget, MD. 
FRS.; Major-Gen. John Rowley, Roy. Eng. FRS.- 

March 14,—Several new members were proposed, and others 
elected. A considerable number of astronomical books were 
presented to the library of the Society ; and two papers were 
read. The first was a demonstration by means of a functional 
equation, of the result of two forces acting upon a particle of 
matter; communicated by Dr. Miekleham, late Professor of 
Astronomy in the University of Glasgow. The second was 
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entitled, “ On the Results of Computations relative to the 
Parallax of « Lyre from Observations made with the Greenwich 
Mural Circle, compared with those of Dublin; by Dr. Brinkley, 
Prof. of Astronomy, Trin. Col. Dublin ;” this was a highly inte- 
resting paper. 

ArticLe XII. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Mr. Faraday’s Liquefaction of the Gases. 

We have already described, at p. 304, in our report of the proceed- 
ings of the Royal Society, the means by which Mr. Faraday has suc- 
ceeded in reducing chlorine to the liquid state; and we are happy to 
announce that he has also succeeded, by analogous modes of operation, 
in liquefying the following aériform substances: euchlerine, nitrous 
‘oxide, sulphurous acid, sulphuretted hydrogen, carbonic acid, and 
cyanogen. All the liquids thus produced are colourless, with the 

exception of euchlorine; and all are perfectly fluid, and highly volatile. 

II, Re-opening of Mr. Sowerly’s Museum. 

We feel much satisfaction in announcing that the late Mr. Sow- 
erby’s Museum of the Natural Productions of Great Britain, at No. 2, 
Mead-place, Lambeth, is again opened for the inspection of his 
friends and the lovers of natural history, every Tuesday from eleven till 
four o’clock, under the direction of his sons and executors, James de 
Carle Sowerby, FLS. and Charles Edward Sowerby. 

Ill. Prof. Daubeny on Rocks that contain Magnesia. 

Dr. Daubeny having withdrawn his paper on this subject from the 
_ Royal Society, in the hope of its appearing at some future time, in a 
more complete state, has requested us to correct two mistakes in our 
report of it, published in the Annals for February, p. 150. 

We have there represented Dr, D. as saying, that the presence of 
magresia in the oolites “ has not been ascertained with certainty ;” 
whereas, he states, there are several specimens of them in the cata- 
logue at the ead of his paper, which are mentioned as containing that 
earth. In the second place, Dr. Daubeny observes, we have transfer- 
red to his mode of separating lime from magnesia, the objections which 

_he had alleged against preceding methods, and from which he imagines 
his own to be exempt; “ for it will be seen by reference to my paper 
in the Edinburgh Philosophical Journal,” he continues, ‘that the 
difficulty of driving off the ammoniacal salts and water originally pre- 

“sent, without at the same time decomposing the magnesian sulphate, 
was my inducement for substituting that scheme of analysis which is 
inserted in the Annals, the peculiarity of which consists in its enabling 
‘the operator to calculate the quantity of magnesia by merely ascer- 
taining the amount of the sulphate of lime obtained, deducing from 
thence that of the lime, and comparing the result with the quantity 
taken up originally by the acetic acid.” 
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IV. On the Question as to the Existence of Metallic Veins in the Transition 
Limestone of Plymouth. By Mr. Prideaux, and the Rev. Richard 
Hennah. 

(To the Editor of the Annals of Philosophy.) 

SIR, Plymouth, Feb. 15, 1823. 

Observing some doubts expressed in your last number of the accu- 
racy of Mr. Hennah’s statement, that our “ lime rocks contain no 
metallic veins ;”” I am induced to offer you some reasons for coincid- 
ing fully in his opinion. 

I believe I speak much within compass in saying, that the face of 
that rock is open to an extent of above four miles; and that more than 
half of it has been in regular work within the last five years. For 
nearly the whole of this extent we get to the upper surface, and in 
several different places we trace its repose on, and alternation with, the 
clay slate, for a considerable distance. The cliffs and quarries are 
from 50 to 150 feet high, and cut the strata at all angles. And the 
limestone itself forms only the hilly boundary of the sea, nine-tenths 
of it being exposed. 

I think, therefore, it is almost impossible that a metallic vein, how- 
ever minute, existing in it, should have escaped detection. 

The specimen you describe, as found at Cat-Down, looks like a fact 
in opposition to this conclusion; but I have several times traced the 
whole course of the extensive quarries in that situation from top to 
bottom (though my opportunities are not so frequent as Mr. Hennah’s) ; 
and although varieties of crystallization, and not metallic specimens, 
were my pursuit, the latter could hardly have escaped me; nor have 
the men employed in the quarries ever mentioned such appearances in 
my hearing. 

That the mines of Tavistock yield specimens of crystallized carbon- 
ate of lime, bearing abundant marks of their metallic connexion, and 
much like the one in question, you are doubtless aware. I should 
hardly suppose, therefore, that you could have been deceived in it, 
though the little mineral dealers here are likely enough to make the 
mistake. But the considerations above related appear to me so deci- 
sive that were I to find a detached specimen, such as you describe, at 
Cat-Down, any where but zz s7tu, I could not believe it to be the pro- 
duce of those quarries, where I have seen nothing to which it appears 
at all related. I am, Sir, your most obedient, 

Joun PRIDEAUx. 
—z_—— 

SIR, Citadel, Plymouth, March 8, 1823. 

I perused, a few days ago, in the 26th number of the Annals of 
Philosophy, a quotation from a recent publication of mine, on the 
«‘ Lime Rocks of Plymouth,’’ in which I state that it is my opinion, 
that they contain no metallic veins, which quotation is accompanied 
with an account of a particular specimen of quartz, &c. making part of 
a collection said to be from our quarries; and with a suggestion, that 
the circumstance merited further inquiry. Being myself desirous to 
promote any investigation, which has for its object the correction of 
any error which I may have inadvertently fallen into, or the establish- 
ment of any point which I believe to be true, I hope your correspon- 
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dent will excuse me for requesting you to permit me, through the 
same medium, to express my doubts as to the accuracy of his informa- 
tion respecting the place from whence the specimen he so minutely 
describes originally came. 

First, I would ask, whether he himself met with the specimen in 
question at the quarry? If so, in which of the quarries was it found ? 
As there are many at Cat-Down, all of which I have frequently and 
carefully examined, without ever finding in them, or in any others, 
from the Dock Yard to the Ferry House at Cat-Down, quartz in mass, 
independent of galena, and the other substances composing the stone. 

Secondly, if your correspondent did not find the specimen himself, 
but purchased it with others, I would beg of him to compare it with 
such as he knows to be the legitimate produce of our lime rocks; and I 
think he cannot fail of remarking the great dissimilarity, if not the total 
want of any family likeness between them. And then let him reflect 
how little dependance is to be placed on the veracity of those who 
generally have such articles for sale ; and whose duplicity, art, or igno- 
rance, I have daily opportunities of detecting. 

I would further state, that I have in my possession a specimen so 
similar to the one above-mentioned, that I should almost be tempted 
to say, that both came from the same place. Mine is certainly from 
one of the mines in the vicinity of Tavistock, where the mixture 
of quartz, galena, &c. &c. is frequent and often curious. 

I will only add my sanguine expectation that this will meet with a 
candid reception, and an early place in your Annals, and conclude in 
the Jast words of my own publication ; ‘ that it will give me real plea- 
sure at all times to receive any information from others, whose personal 
knowledge and actual researches may enable them to throw any new 
light on the subject of these pages.” an 

I remain, Sir, your obedient servant, 
Ricuarp Hennau. 

*,* The Editor is enabled to state, in reply to the foregoing letters, 
and in order that the questron to which they relate may be decided, 
that the small specimen described in the notice on the subject, inserted 
in the Annals for February last, was purchased in the latter part of 
September, 1822, with specimens of limestone and of stalactite unques- 
tionably obtained from the Plymouth rocks, of Edmund Moss, quarry- 
man, at Cat-Down. The author of the notice certainly has not mis- 
taken ca/careous spar for quartz, as a paragraphin Mr. Prideaux’s letter 
implies him to have done. 

V. On the Depression of the Barometer in Dec. 1821. 
By Mr. A. Edwin. 

The following observations on the extraordinary depression of the 
barometer in Dec. 1821, were made in Owen's-row, near Islington, by 
Mr. A. Edwin; and have been communicated by him, in compliance 
with the request of Prof. Brandes, inserted in the Annals for October 
last. The basin of the barometer is situated about 40 feet above the 
bed of the New River, which runs before the house. 

On Dec. 11, the barometer was at 30°13 inches, and thence gradually 
descended, with some slight intermediate elevations, until it fell to 
28°74 inches on the 24th at 8 a.m. 
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VI. Alkohometrical Application of the Thermometer. 

In the Annals for October last (p. 395), we gave an account of 
M. Groening’s discovery on this subject; and we now present a tabu- 
lar view of the results of his experiments: 

Spirits of wine holding, ac- Température of the Temperature of the 
cording to Tralle’s aleoho- boiling liquid, ac- vapours, according to 
meter at a temperature of - cording to Fahren- Fahrenheit. 
60° Fahrenheit. heit. 

Per cent. of alcohol, 

OB saicips ciel We Uh Ae Lal ae 170°37° 

90 eee L743 le 171°5 

85.3%" a LIA BT s.5 POS 172:06 
80 sa taiteete tL POPES sire 172°63 

TS veo stedtce 7656) arte es 173°75 

| PRP bc a at Wa LAL Se 17487 

GOMY Es ore: oe RIB BB cere ete tats 1760 

(61 rsa ali SOTO) ovasvclthahie wiles 176°56 

55 ee hy wd ANY Cee aor 177°12 

BID |. frei « Joceth LEE62 i 178°85 

BEEN ee tele oe oe ES ZLO Ss a. ates gee OO 

Ob Ae aay Be 8 PBS Ss Sa eine ~- 1805 

Gall. y pact one: oie: be — 

mee eee TO 2ZOe s.. t ee tte 1850 

he ete ye Sere Sie LO OO” one ee eres on 187°2. 

[5 OOO CEE T9240) 22s ee ale 190°62 

RG sk ov OE LOST Tish poeta 1940 

MOMS acti, o3 oct BOOBS iis Sey err § 199:06 

Hons. ies 205130 %, hei seevirs wees 20412 

OS aise fT AIODE ta den. 38 2100 

VII. Account of a new Mineral, named Chloropal. 

Prof. Bernhardi, of Erfurt, and Dr. Rudolph Brandes, have given 

the description and analysis of a new mineral, which they call Chloro- 

pal, and of which they distinguish two varieties, the conchoidal and 
the earthy. 

It occurs not far from Unghwar, in the Comitate of the same name, 

and had received the trivial name of green iron earth. The conchoidal 
variety is pistachio-green, the powder yellowish-white ; it is scarcely 
translucid on the edges, fracture conchoidal, hardness between fluor 

and calcareous spar, fragile ; its specific gravity, according to the mean 
result of different experiments, approaches very nearly to 2,000. The 
parallelopiped fragments into which it is apt to break have on the face 

which, im their natural place, has been turned upwards, a posi- 
tive magnetic pole; on its lower face a negative. Four other poles 
occur on the lateral edges, of which two adjoining are positive, and 

two opposite negative. The mineral has, therefore, three magnetical 

axes, which pass each other at right angles, and agrees in that respect 

with opal ; but is quite different from quartz and other similar minerals : 
it does not phosphoresce. — 
__ The earthy variety has the same magnetic properties as the former; 
its fracture is earthy; its specific gravity 1,870; that of another piece 
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The composition of the conchoidal chloropal is: 

MM. POE AD. Wd velego), ; 46:0 
Oxide of iron,...........4. 2020 353 
Magnesia. .. csv ae, ® 
PORDAS, 0 ie on kas os nce are 1:0 
Potash and manganese...,...... Traces 
WaKCE coraincla:+ araraibiale fe paisroa « de orth BO 

100°0 
The earthy chloropal contains : 

eT ee ee ols ROAESs oe. os 3 ee 
Oxide of iron. ...... st Ce ay 
Magnesia......... pier wath, at: re 
Adumina. -.. «5. 50 Zeene aa demos. Ore 
Potash and manganese ,,........ Traces 
WERE Sn Fein sn dR ET to Ca ee ee 

Experiments were made to discover fluoric acid, sulphuric acid, 
lime, and potash, but none was found. 

VIII. On the Galvanic Ignition of Charcoal. By Mr. W. West. 
(To the Editor of the Ainals of Philosophy.) 

SIR, Leeds, Feb. 1823. 

In the Annals of Philosophy for-Aug. 1822, there appeared a com- 
munication from Dr. Hare, of Philadelphia, to the Editor, containing 
an account of various interesting phenomena produced by means of 
his galvanic deflagrator: one of these is the ignition of charcoal. 

Dr. Silliman, in a letter quoted in the above communication, after 
describing the appearance of the charcoal at tlie respective poles, the 
cone and deposit at the positive, the concavity at the negative, goes on 
to state as a discovery his having observed these appearances, and 
adds, “I deem it indispensable that the experiments be performed 
with the deflagrator.” 

About twelve months since, when exhibiting the ignition of char- 
coal before the members of the Philosophical Society here, I was 
struck with the effect on the charcoal being so opposite at the two 
poles; the crater on the negative side being well defined, and about 
one-eighth of an inch deep, the cone on the positive charcoal corres- 
ponding, and having at its apex a filament which continued lengthen- 
ing until broken off by its own weight. I pointed out this in my lec- 
ture, but though, as far as I recollect, it had not then been mentioned 
in any work, I imagined all who had observed the ignition of charcoal 
with a powerful battery must have seen the same effects produced. I 
have since repeated the experiment several times, and have verified 
most of the particulars mentioned by Dr. Silliman; I think that the 
vapour arising from the charcoal is more abundant when the ignition 
takes place in vacuo than when in the atmosphere. 

I wish to observe more accurately than Dr. Silliman appears to have 
done, whether there be an increase of weight after ignition in the char- 
coal at the positive pole; but haying little prospect of leisure at pre- 
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sent, I take this mode of calling attention to the subject, since some 
who would be likely to pursue it might be discouraged by Dr. Silliman’s 
statement of the inefficacy of the common battery. ; 

The subject is curious and highly interesting, since it involves the 
following questions: 

Is.the charcoal fused ? 
Is it vaporized ? 
Is it transferred from the one pole to the other, and, if so, in what 

manner? 
Would not satisfactory answers to these questions throw much light 

on many abstruse points, and especially on that most difficult question 
in physics, the relation of radiant, or empyreal, or imponderable bodies 
to ordinary matter? Witiiam West. 

1X. Ona Mineralogical Work of Agricola, &c. By G. Cumberland, Esq. 
Hon. Mem. GS. 

(To the Editor of the Annals of Philosophy.) 

SIR, Bristol, Dec. 9, 1823. 

Your correspondent, Mr. Conybeare, at p. 866 of the Annals for 
Nov. 1822, in his analysis of the work of Vannoccio Biringuccio, asks 
from what work of Georgio Agricola he relates “ the discovery of 2 
mass of silver ore, in one of the Saxon mines, sufficiently large to make 
a table and a seat, or stool (tripode).’* In return for the satisfaction 
his paper has afforded me, I have the pleasure to inform him that 
Vannoccio found it in a dialogue, entitled ‘“ I! Bermanno,” in compli- 
ment to his friend Bermanno, the physician; placed at the end of 
‘Agricola’s treatise ‘‘ On the Generation of Things underground, with 
their Nature and the Nature of Fossils ;’’ the other interlocutors being 
Nicola Ancone and Giovanni Nevio. In this dialogue we have a very 
minute account and history of the mines near Friberg, in Bohemia, 
one of the richest in silver of which, was, according to his statement, 
that called Georges, from St. George (as may be seen leaf 404, for the 
book is so paged). At leaf 446, on the blank side, Bermanno states, 
that pure masses of silver are only found in Bohemia. 

InSneberg, in a mine called Georgio, more is found, he observes, than 
in all the other mines in Germany, for (as he has heard) there was once 
so large a mass extracted, that Duke Albert of Saxony, who, above alt 
other princes of Germany, excelled in glory, arms, and wealth, and who 
was the father of that Georgio who now is the sovereign Prince, having 
stopped to see the mines, and called for some refreshment, made use 
of that great mass of silver for his table, and those who attended him, 
and had likewise dismounted; and during his repast, he observed, 
“the Emperor Frederick is powerful and rich, but he cannot sit down 
to-day at such a table as this!” These, says he, were the words of 
the Duke Albert, astonished greatly at this prodigious mass of pure 
silver; ‘* but I was more astonished,” continues Bermanno, ‘ when in 
Sneberg I heard a calculation of the amount of silver it had prodwced.” 
To which Nevio replies, ‘ You tell us things very uncommon ; pray 
what might that mass weigh?” and Barmanno answers, “ A little 
more than (x mi péso) ten thousand pounds. 

This dialogue consists cf forty-seven leaves, the first of which is 
numbered 520, instead of 420, is really very interesting, and is 
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written in pure and elegant Italian; being a translation from the Latin _ 
of the author. It has a preface by Michael Tramezzino, the printer in 
Venice, 1550. Georgio Agricola states at leaf 421, that his mo- 
tives for having entered so copiously into the study of metals, was 
their utility in the practice of the Greek and Roman physicians, of 
the fruits of which he modestly leaves others to judge, referring for 
testimonials to Bartolomeo Baccho and Lorenzo Bermanno,,men of 
letters; as well as expert metallurgists, whom he has_often, he says, 
wearied with his inquiries. 

During the dialogue, they ascend to the mining country, and while 
examining the operations of the mines, discuss many interesting sub- 
jects relative to the acquaintance of the ancients with the nature of 
metals, and to the uses to which they applied them in medicine; 
also respecting the nature of plumbagine, pyrites, red silver ore, earths 
of various colours, minium, cinnabar, rubrica, spars, gypsum, &c. 

In Froben’s Folio, 1563, of Agricola’s Arte Metalli, translated from 
the Latin into Italian by Michelangelo Florio, of Florence, and? y 
him dedicated to Queen Elizabeth of England, there is another 
dedication of the work, by Agricola himself, to the Duke of Saxony, in 
which, after recapitulating all that Greek and Latin authors have 
written on the subject, he adds, ‘‘ In our language, I find two only; 
one relating to experiments on ores and metals, which work is very 
obscure, and its author unknown; the other on mineral veins, which 
is said to have for its author, Pandolfo, an Englishman,” Query, who 
was this Pandolfo? A book in German also, he says, was written by 
Calbo Fribergo, a physician of but little reputation ; and all these, it 
‘should seem, wrote previously to Vannoccio Birenguccio ; but of him 
he speaks so handsomely, that you will permit.me to give it in his own 
words : 

‘* Poco ha iziandio che Yannoccio Biringuccio da Siena, homo dotto 
& ispertmentato in molte cose, fece un libro in lingua Italiaua, nel quale 
tra trattato del modo di fondere, spartire, et congiugnere imsieme i 
metalli. Ha eziandio con brevita trattato del modo di cuocere alcune 
vene et pue chiaramente ha dichiavato e mostrato il modo de fare 
alcuni sughi: e quando. Io lessi queste sui cose, mi ternaron a mente 
quei che gia vidi fare in Italia: ma l’altre cose che io scrivo, 0 egli 
non I’ha punto toeche a legiermente ;”’ adding, that the book was given 
him by Badoaro, a noble Venetian, when passing through Marienburg as 
Ambassador to King Ferdinand. Might not, therefore, this work be 
interesting to English artists, if carefully translated ? 

I am, Sir, yours, &c. 
G. CUMBERLAND, 

ArticLe XIII. 

NEW SCIENTIFIC BOOKS. 

PREPARING FOR PUBLICATION, 

Dr. Pring, of Bath, will shortly publish an Exposition of the Princi- 
ples of Pathology. 

Capt. Franklin's Narrative of his Journey from Hudson Bay to the 
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Copper Mine River, is in the Press. It will be illustrated by nume- 
rous Plates. 

Mr. Bowdich has in the press, a Sketch of the Portuguese Establish- 
ment in Congo, Angola, and Benguela, with some Account of the 
modern Discoveries in the Interior of Angola and Mosambique. 

JUST PUBLISHED, 

An Epitome of the Elementary Principles of Natural and Experi- 
mental Philosophy; including Mechanics, Pneumatics, Acoustics, 
Hydrostatics, and Hydraulics : with a copious Account of the Progress 
and present State of the Steam Engine. By John Millington, MGS, 

Professor of Mechanics at the Royal Institution, Secretary to the 
Astronomical Society, &c. &c. 1 Vol. 8vo. with 14 Plates. The 
author announces a Second Part, which is to treat of Magnetism, Elec- 
tricity, Optics, and Astronomy. ; 

A Geometrical System of Conic Sections for the Use of Mathema- 
tical Students at the Royal Liverpool Institution. 8vo. 6s. 6d. 

Elements of Practical Mechanics. By Giuseppe Venturoli, Pro- 
fessor of Mathematics in the University of Bologne. To which is 
added, a Treatise upon the Principles ot Virtual Velocity, and its Uses 
in Mechanics. Translated from the Italian, by Daniel Cresswick, 
DD. Fellow of Trinity College, Cambridge. 8vo. 8s. 

Observations on the Effects of Lightning on Floating Bodies, with 
an Account of the new Method of applying fixed and continuous Con- 
ductors of Electricity to the Masts of Ships. In a Letter to Vice- 
Admiral Sir Thomas Byam Martin, Comptroller of his Majesty’s Navy, 
&c. &c. By W. Snow Harris, MRCS. 4to. With Six Plates. 19s. 

An Essay on the Medicinal Efficacy and Employment of the Bath 
Waters; illustrated by Remarks on the Physiology and Pathology of 
the Animal Frame, with Reference to the Treatment of Gout, Rheu- 
matism, Palsy, and Eruptive Diseases. By Edward Barlow, MD. 
Graduate of the University of Edinburgh, and one of the Physicians 
of the Bath Hospital, &c. 8vo. 8s. 

Digitalium Monographia, sistens Historiam Botanicam Generis; 
tabulis Omnium Speciarum hactenus cognitarum illustratam, ut pluri- 
mum confutis ad Icones F. Bauer, penes G. Cattley Arm. cure 
J. Lindley, FLS. et FHS. Folio. With 28 Plates, 4/. 4s. Coloured, 
61. 6s. 

The Natural History of the Lepidepterous Insects of New South 
Wales. Collected, engraved, and faithfully painted after Nature, by 
J. W. Lewin, ALS. late of Paramatta, New South Wales. 4to. With 
19 Plates, 12. 11s. 6d.; or finely coloured, 2/. 8s. f 

The Birds of New South Wales, and their Natural History. By the 
same Author. 4to. With 26 Plates, 2s. 2s.; or coloured, 61. 6s. 

The Linnean System of Conchology, describing the Orders, Genera, 
and Species of Shells, arranged into Divisions and Families, with a 
View to facilitate the Student’s Attainment of the Science. By John 
Mawe. With 36 Plates, »Plain and coloured Frontispiece, 1/. 1s. ; 
or the whole beautifully coloured, 2/. 12s. 6d. 

An Account of some recent Discoveries, Hieroglyphical Literature, 
and Egyptian Antiquities ; including the Author’s original Alphabet, 
as extended by Mr. Champollion ; with.a Translation of five published 
Greek and Egyptian Manuscripts. By Thomas Young, MD. FRS. 
&c. With Plates. 8vo. 7s. 6d. ae, MAG) 
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A Statistical and Commercial History of the Kingdom of Guati- 

mala, in Spanish America; containing important Particulars relative 
to its Productions, Manufactures, Customs, &c.; with an Account of 
its Conquest by the Spaniards, and a Narrative of the principal Events 
down to the present Time. From original Records in the Archives, 
actual Observation, and other authentic Sources. By Don Domingo 
Juarros. Translated by J. Baily, Lieut. Roy. Mar. Illustrated with 
Maps, 16s. 

Columbia; being a Geographical, Statistical, Agricultural, Com- 
mercial, and Political Account of that Country; adapted for the gene- 
ral Reader, the Merchant, and the Colonist. With a Map, and Por- 
traits of Bolivar andZea. 2 Vols. Svo. I. 16s. 

Sa 

ARTICLE XIV.. 

NEW PATENTS. 

G. Richards, of Truro, Cornwall, architect, for certain improvements 
in grates, stoves, furnaces, and other inventions; for the consumption 
of fuel, and in the flues connected with them, whereby they are ren- 
dered more safe, and the smoke prevented from returning into the 
rooms in which they are placed; and also, for an improved apparatus 
for cleansing the same.—Dec. 2€. 

T. Rogers, of Store-street, Bedford-square, Middlesex, Esq. for a 
method or apparatus for the purpose of attaching trowsers and gaiters 
to boots and shoes.—Dec. 26. 

J. Neville, of New-walk, Shad Thames, Surrey, civil engineer, for 
an improved method of producing and applying heat to, and conatruct- 
ing and erecting furnaces and other reservoirs, severally used for the 
various purposes of roasting or smelting metallic ores, or other sub- 
stances, and likewise for effecting a saving in fuel, and producing a 
more complete combustion of smoke than at present takes place, as 
well as a better mode than any now in use, of collecting and preserving 
any volatile substance contained in, or combined with, metallic ores or 
other substances in the separation of which heat is necessary.—Jan. 8, 
1823, 

W. Johnson, of Great Totham, Essex, Gent. for a means of obtain- 
ing the power of steam for the use of steam-engines with reduced 
expenditure of fuel.—Jan. 8. 

W. Lister, of Baildon, Otley, Yorkshire, cotton-spinner, for certain 
improvements in the method and machinery for preparing and spinning 
wool, silk, mohair, and other animal fibre, of any quality or length of 
staple-—Jan. 16. 
-R. Copland, of Wilmington-square, Clerkenwell, Middlesex, Gent. 

for combinations of apparatus for gaining power; part of which are 
improvements upon a patent already obtained by him. for a new or 
improved method or methods of gaining power, by new or improved 
combinations of apparatus applicable to various purposes.—Jan. 16. 

G. Miller, of Lincoln’s Inn, Middlesex, Brevet Lieut.-Col. in the 
Royal Brigade, for a method or plan of communicating the spiral 
motion to shot and shells when fired from plain barrels, and for ignit- 
ing, by percussion, shells to which the spiral motion has been thus 
communicated.—Jan. 16. 



Mr, Howard’s Meteorological Journal. 

ARTICLE XV. 

METEOROLOGICAL TABLE, 

1823.] 

1823. | Wind. | Max. | Min. 

2d Mon. 
Feb. 1IN — E/28:97/28'75 

2N  £E/29:00/28:75 
3IN —_E}29°40/29 00 
4) Var. |29°80|29°40 
5| E  {29°80/29°75 
6| E  |29°75)29'35 
7| E {29:58!29'35 
$8} W_ |29 82\29°58 
9| W_ |29-82/29°62 
10S  W}{29-62/29°60 
11/S W}29°60)29°50 
12S  W/29°73/29°50 
13} W_  |29:73/29'°57 

“14|° W_ |30:00/29°57 
15'IN W{30°30|30:10 
16N — E|30°30/30°30 
17\IN —_—-F}30°30)29°91 
18IN © W{29°91/29°27 
19} W_ }29°96|29°27 
20IN W{29°96|29°72 
21.N W/29°72/29°68 
22:5 W/29'80\29:68 
23/5 W){29:80!29-65 
24|N W}]29'80 29°79 
25} S_ .129°79,29°24 
26| W  }29°24)/29°10 
7| N_ {29°53!29°13 

28IN W}]30°0S)/29°53 

| $0°30/28'75 

Max. 

BAROMETER,| THERMOMETER, 

Min. 

27 

Evap. 

ole atl Ta le ele) EP ETL a el it 

96 | 2-92 

319° 

Daniell’s hyg. 
at noon. 

The observations in each line of the table apply to a period of twenty-four hours, 
beginning at 9 A. M. on the day indicated in the first column. 
the result is included in the next following observation. 

A dash denotes that 
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* REMARKS. 

Second Month.—1—3, Rain. 4, 5. Fine. “6. Snow began about two, p.m. 

7. Rain. 8, 9. Fine. 10—12. Rain. 13. Fine. 14. Rain: some hail in the 

afternoon. 15. Rain, 16, 17. Cloudy. 18. Fine morning: rain in the evening. 

19. Fine day: very wet and stormy night. 20. Very fine: a distinct lunar halo in the 

evening. 21. Overcast. 22. Rainy. 23. Heavy rain: a violent driving shower of 

hail, which continued for about one minute, when it ‘abated alittle: night very boiste- 

rous. 24. Cloudy. 25. Rain: overcast. 26, Cloudy and fine, 27. Fine: a little 

snow, p.m, 28, Fine. , 

RESULTS. 

Winds: N,1; NE, 5; E,3; 8,1; SW,5; W,6; NW, 6; Var. 1. 

Barometer: Mean height 

For the month, ......0cssceccccctcnevcccocecesecss (29 O20 inches. 

For the lunar period, ending the 24. ....sseeseeesss. 20774 

: For 14 days, ending the 12th (moon gouth).....4.-+ + 99-437 

For 13 days, ending the 25th (moon north) ...4.++.. 29°812 

Thermometer: Mean height 

For the month... s.3disecess ules sdtctasieoscdaneddes SOOG0> 

For the lunar period < os os dc sc... os capantpencecccsigpes SU eae 

For 29 days, the sun in Aquarius. ...s+peeeeeeeseses 36034 

Evaporation. ...,..0ese0 lai a'eilazs PO ey oe co sgordvioocteneecesee O'DRIN. 

Rain. CPO OREO EHD RHEE ESE OH REE e Oe EEE! Heer aeeruneee® eee eerresas 2:92 

Laboratory, Stratford, Third Month, 24, 1823.. R. HOWARD. 
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ArTIcLE I. 

Additional Remarks on the Rothe Todte Liegende and Weiss 
Liegende we German Geologists. By Thomas Weaver, Esq. 
MRIA. MRDS. MWS. MGS. 

(To the Editor of the Annals of Philosophy.) 
SIR, Tortworth, April 4, 1823. 

In my former papers, I endeavoured to elucidate the subject 
of the rothetodtliegende formation, as well as that of the weiss- 
liegende, in such a manner as might obviate all further miscon- 
sh peep or doubt ;* not by gratuitous assumption, but by strict 
induction from the observations and descriptions of those who 
have best studied the subject in Germany; at the head of whom 
stands Freiesleben. In conducting this discussion, it has been 
my object constantly to bear in mind that the solution of a pro- 
blem cannot be valid, unless it embrace all the conditions. neces- 
sarily belonging to it; nor the sense of an author be justly given, 
unless the scope of his argument be fully considered in all its 
branches and bearings. Partial views generally lead to false 
results. Yet it seems I have failed in conveying conviction 
where I particularly wished to impress it. Nor is it difficult to 
account for the failure, since my opponent persists in attachin 
a meaning to the word rothetodtliegende, for which I ooutanl 
can find no adequate German authority. However averse to 

* See Annals of Philosophy, Oct. and Noy. 1821, and Aug. 1822. 
+ See the interesting ‘* Memoir illustrative of a general Geological Map of Europe, 

“! the Rev. W. D. Conybeare,” in the Annals of Philosophy for Jan, Feb. and March, 
823, 
New Series, vou. v. y 
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controversy, a desire of supporting and vindicating the true 
state of the case, impels me once more to resume the pen. 

Mr. Conybeare insists that the rothetodtliegende is the equi- 
valent of the calcareous or new conglomerate of England, over- 
lying the carboniferous series ; and he even contends that 

Freiesleben considers and treats the rothetodtliegende and the 
true coal formation as appertaining to two different series ; add- 
ing, that the invariable order in ascending is, 1, Coal formation. 
2. Porphyry. 3. Rothetodtliegende ; and sections are quoted 
from Keferstein, as demonstrative of this position. 

I have already stated that the great object of Freiesleben’s 
extended work was the description of the four following groups, 
or formations; opposite to which I place their English equiva- 
lents. They are considered in four sections : 

I. The upper or shell limestone 
formation. . ...sseeeessees 

II. The upper, or newer, or va- 
riegated, sandstone forma- > New red sandstone formation. 
RIOR. ci ig ieelnintoie'e.s'e'nwiniee #:0's 

III. The lower or alpine lime-) Magnesianlimestoneformation, 
stone formation, including including the calcareous or 
the weissliegende as the low- ( mew conglomerate as the 
PERAIE  eUioh ore ae vs cain as lowest bed. 

IV. The lower or older sand- 
stone, or rathetodiegend,  Carbsiros series. 
FORPOAIAOT sw pracnaeyiie sos 540 0 

: Lias and oolitic series. 

I have maintained that the weissliegende alone (and not the 
rothetodtliegende) is the representative of the calcareous or new 
conglomerate of England.* The general description of the new 
conglomerate is to be found in the Annals of Philosophy for 
November, 1821, and more at large in Freiesleben, vol. ii. p. 239 
—280. It is to that author the Germans owe the clear exposition 
of the true character of the weissliegende, and the proof that it 
belongs to a newer series than the carboniferous ; while almost 
all preceding German writers had considered the weissliegende 
as the uppermost bed of that series, and included it accordingly, 
and some even had called it rothliegende. But to continue so 
to apply the latter denomination is obviously to persevere in an 
antiquated error, exploded by Freiesleben. And conversely, to 

* I purposely avoid using in this paper the term ‘‘ new red conglomerate or sand- 
stone,” by which this formation has been partly designated in England ; since it has 
led, and, if continued, is likely still to lead to misconception. As used by some English 
writers, it denotes the calcareous conglomerate; sometimes it includes the magnesian 
limestone, and sometimes it is extended to the new red sandstone formation also, pro- 
perly so called. A vagueness of language thus arises, which is productive of consider- 
able obscurity ; offering nearly a counterpart to that which has proceeded from the indis- 
criminate use of the term rothetodtliegende in Germany, as applied to all parts of the 
carboniferous series. 
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call the true rothetodtliegende the new conglomerate, and then 
to build on this misapplication of the term, is a sure method to 
render a subject, otherwise simple and clear, involved and con- 
fused ; and thus calculated to mislead both the writer and reader, 
confirming the remark of Bacon, that ‘“ while men believe their 
reason governs their words; it often happens, that words have 
power enough to react upon reason.” 

I have maintained that the rothetodtliegende formation is the 
equivalent of the carboniferous series, extending from the old red 
sandstone to the coal formation inclusive, or vice versa. Now to 
prove that Freiesleben’s own view of the matter is identical with 
that which I have given, I think it will be sufficient, in addition 
to the facts detailed in my former papers, to transcribe in this 
place the Synoptical Table of that author, prefixed to his fourth 
volume, which exhibits the method according to which he con- 
siders and treats this subject ; and then to offer a few remarks 
intermingled with such illustrative extracts from the body of the 
work, as bear more immediately on the question. 

“ Seer. I1V.—The Lower Sandstone Formation, or Rothe Todte 
Liegende. Die Untere Sandstein Formation (das Rothe Todte 
Liegende). 

Occupying pages 67—210 of the fourth volume, and consi- 
dered under the following heads: 

I. The Rothe Liegende (Red Sandstone) separately considered. 
Das Rothe Liegende an und fiir sich betrachtet, p. 73—137. 

Beds composing the Rothliegende, viz. conglomerate, breccia, 
sandstone, slaty micaceous sandstone, indurated slaty clay, and 
clay marl, p. 73—99. 

Structure, p. 99—107. 
Relative position, affinities, and graduations, p. 107—118, 
Intermingled minerals, including also beds of limestone, com 

pact splintery, sub-lamellar, or granular, p. 118—123. 
Distribution of ferruginous matter, p. 123—127. 
Veins in the rothliegende, p. 127—131. 
Petrifactions, p. 131—136. ' 
Springs and mineral waters, p. 136, 137. 
Il. The Subordinate Members. Untergeordnete Gebirgsarten, 

. 137—191. 
a 1. Porphyry and amygdaloid, p. 137—147. 

2. Coaly shale, p. 147—169. 
3. Coal, 170—191. 
Distinctions hitherto made respecting the relation of the coal 

formation to that of the rothliegende, p. 170—172. 
Occurrence of coal, 172—191. 
In Sangerhausen, p. 173—175. 
In Stollberg, 175—178. 
In Anhalt Bernburg at Opperode, &c. and in the Circle of the 

Saale, 179. 
¥2 
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In the Forest of Thuringia, p. 179—191. 
ILI. Occurrence and Distribution of the Formation in general. 

Vorkommen und Verbreitung, p. 191—210. 
. In Mannsfeld, extending into Anhalt, p. 191—193. 

In the Circle of the Saale, 194—195. 
In Sangerhausen and Stollberg, 195—197. 
In Kiffhauser, Bottendorf, and Gera, 198—200. 
In the Forest of Thuringia, 200 —206. 

‘In other parts of Germany, Riegelsdorf, Hesse, Wirtemberg, 
Mark, Silesia, Bohemia, 207—208. 

In countries beyond Germany, 208—210. 

Appendices and Additions to vol. iv. p. 210—892. 
]. On transition clayslate and greywacke tracts in the Hartz, 

Neustadt, &c. p. 213—228. 
2. Geological and mining observations on the collieries at 

Opperode, Meisdorf, &c. in Anhalt-Bernburg, and at Wettin, 
Lobegiin, Petersberge, Xc. in the Circle of the Saale, p. 229—268. 

3. Letters relating to the shell limestone, new red sandstone, 
and lower limestone formations, described in the three first 
volumes, p. 269—294. 

4, Additional observations on the shell limestone, new red 
sandstone, lower limestone, and rothetodtliegende formations, 
p- 295—392.” 

With this Synoptical Table fora guide, and Freiesleben’s descrip- 
tions in illustration, it has been a great surprise to me that any 
one should ever have doubted that the older sandstone, or rothe- 
todtliegende formation of the Germans, was the representative 
of the carboniferous series.* 

After the details into which I have formerly entered, the more 
immediate remarks required on the preceding synoptical table 
may be confined, jirst, to the rothliegende separately considered ; 
and secondly, to the nature of its connexion with the coal form- 
ation. 

1. Now with respect to the rothliegende considered separately, 

* It may be useful in this place to refer to the origin of the expression rothetodtlie- 
gende, or red dead lier. It has been applied to the carboniferous series in general for 
this reason ; that in some quarters the coal formation associated with red sandstone as one 
of its members ; in others, the old red sandstone itself (both more or less strongly cha- 
racterised by the diffusion of red oxide of iron), form the immediate support of the 
weissliegende or new conglomerate, and bituminous marl shale, the two former thus 
acting in relation to the two latter as the red dead lier ; that is, as the red substratum, 
comparatively barren of metal, in contradistinction to the superincumbent new conglo- 
merate and bituminous marl shale, both of which are abundantly metalliferous. 

I may here repeat the remark, which I made in a former paper (Annals of Philosophy, 
January, 1823), that the expressions todtliegende, rothliegende, and rothetodtliegende, 
are synonymous, the two former being frequently employed fur the sake of brevity. 

ee 
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if we pay due attention to its physical characters, and to its 
relative position, affinities, and graduations, I know not how it-is 
possible to resist the evidence thus afforded, that it represents, 
in its lowest position, the old red sandstone of English geo- 
logists. 
The general characters of the beds composing the rothliegende 

as consisting of conglomerate, breccia, sandstone, slaty micaceous 
sandstone, indurated slaty clay, and clay marl, have been given in 
the Annals of Philosophy for Aug. 1822, p. 84—86 ; and I there 
adverted to their agreement with those of the old red sandstone 
of Gloucestershire (and of the adjoining counties), and also of 
that of Ireland. But no where is the analogy to be found 
more complete in all its parts than in the old red sandstone of 
Scotland, particularly that portion of it which borders the 
northern side of the Scotch great coal tract.* I know no other 
portion of the carboniferous series, with which the rothliegende 
in its lowest position can be said to correspond so perfectly. 

With regard to the relative position and affinities of the roth- 
liegende, the following extracts from Freiesleben may suffice, 

Vol. iv. p. 107, et seq. ‘The rothliegende is always 
bounded on the one side by one or the other member of the 
cupriferous shale tract, lying generally immediately below the 
calcareous or new conglomerate (weissliegende) or the cuprife- 
rous marl shale; but its confines on the other side are less deter- 
minate. Here it graduates principally into tracts of greywacke 
and clayslate, or porphyry, accordingly as it reposes upon, or 
forms basins in, one or the other of them.”’+ 

“ In several districts, its immediate lower boundary is formed 
by one or the other of these tracts ; but in some others a forma- 
tion of coaly shale or coal is found interposed between them.” 

* See Dr. Boué’s instructive description of the poudingues ct grés rouges of Scotland, 
p- 102—119, of the Essai Géologique sur l’Ecosse ; and compare it with Freiesleben’s 
description of the rothliegende, vol. iv. p. 13-137, The two descriptions agree so 
perfectly as to answer nearly one for the other. 

+ To render the above paragraph perfectly clear to the English reader, it is neces- 
sary to bear in mind that the red sandstone of the coal tracts of Germany, bears the name 
of rothliegende as well as the fundamental portion of the carboniferous series, namely, 
the old red sandstone. In point of position, the former might be partly compared to the 
red sandstone found in some of the English coal fields, which, appearing at intervals, some- 
times forms beds of great thickness and extent, dividing the more common coal bear- 
ing strata from each other, and partly known by the name of pennant stone, e. g. in the 
Gloucestershire south coal field. It is one of the peculiarities of several of the cual fields 
in the north of Germany, that coarse red conglomerate and red sandstone are found fre- 
quently alternating on a greater or smaller scale with the other coal measures, the former 
partly resembling analogous beds in the fundamental old red sandstone. This is parti- 
cularly observable in Lower Silesia, where a bed of coarse red conglomerate generally 
forms the immediate roof of the coal seams ; a bed of slate clay of seven feet in thick- 
ness being there a rare occurrence. See Von Buch, Geog. Beob. vol. i p. 90 and 101. 
Also Freiesleben’s description of the Opperode and Petersberge coal districts as quoted by 
me in the Annals of Philosophy, August, 1822, p. 81—89; and Von Raumer in the 
Annals of Philosophy, Oct. 1821, p. 248—250, and Aug. 1822, p.91—93. 

¢ This observation requires attention, and will be duly noticed hereafter, p. 329, 
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“ Generally speaking, the rothliegende seems the more dis- 
posed to receive foreign ingredients into its composition, as well 
as beds, the nearer it approaches to the fundamental rocks upon 
which it reposes. And it is not to be denied that 2¢ possesses 
many points of agreement with transition tracts; so much so, that 
some geologists are disposed to rank it rather with the transition 
series, and to commence the floetz series only with the rocks 
peculiarly belonging to the bituminous or cupriferous marl 
shale ” * (of which the weissliegende, or new conglomerate, is the 
first or lowest member). 

The connexion of the rothliegende with transition greywacke 
and clayslate tracts, is exemplified by a reference to the districts 
of Mannsfeld, Sangerhausen, and Stollberg, where it reposes 
upon, and partly graduates into them. 

Its connexion with porphyry (trap also occurring in the asso- 
ciation), is stated to be particularly well exhibited in the Forest 
of Thuringia, the two formations not only alternating with, but 
appearing in a manner diffused in each other; e.g. in the north- 
ern declivity of the Schneekopf, and again extending from the 
Grossen Buche into the Schmiickengraben in the same moun- 
tain. Its intimate alliance with porphyry is shown also in 
Mannsfeld.—(See Annals of Philosophy, Aug. 1822, p. 87.) 

In all these cases, the ingredients which compose the roth- 
liegende are said to vary more or less according to the constitu- 
tion of the transition or primary tracts upon which it reposes.— 
(See Freiesleben, vol. i. p. 32—34, and p. 43—46 ; and also vol. 
iv. p. 67—99.) 

Both relative position and physical characters, therefore, 
prone that the rothliegende constitutes, in 2¢s lowest position, the 
undamental portion of the series, or what is designated in 
England as the old red sandstone. 

2. The same inference is to be drawn, from considering the 
connexion of the rothliegende with the coal formation. 

On this subject, Freiesleben (see p. 170—172 of vol. iv.) 
adverts, in the first place, to the distinctions formerly made in 
Germany respecting the relation of the coal formation to the 
rothliegende ; some writers having considered a portion only of 
the coal formation as included in the rothliegende, while others 
incorporated the whole of the coal formation with the rothlie- 
gende ; thus constituting, instead of one group with two divisions, 
one simple unbroken series. As an exemplification of the latter 
mode of considering the subject, he produces the arrangement 
of Karsten, who gives the following beds as a type of the general 
series, taken in an ascending order : 

+ “ See Von Hoff in Leonhard’s Taschenbuch. Jahrgang. viii,” 
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1, Conglomerate of ancient rocks.) 
2. Siliceous conglomerate. | All comprehended in one 
3 to 8. Coal, sandstone, and shale. general group, entitled 
9. Trap rocks. b =the older sandstone, or 
10, Clay ironstone. rothetodthegende forma- 
11. Rothliegende. tion.* 
12. Weissliegende. J 

Now what is the observation of Freiesleben upon this series ? 
He says it is too general, and not sufficiently distinct, and, 

therefore, for the sake of greater clearness and precision, he 

considers it necessary to describe the rothliegende and the coal 

formation under separate heads; and he arranges the subject 

accordingly, as displayed in the synoptical table, leaving for his 

third and last division the account of the occurrence and 
distribution of the series in general. 

It is obvious from the structure of that table, that coal is con- 

sidered by him in a general point of view as a member of the 
older sandstone or rothetodtliegende series ; and so far he conti- 

nues to adhere to the arrangement of his predecessors. But he 
qualifies this general view by a more particular one, expressed 

in the following words: “ Ihave throughout my present exposi- 

tion considered the rothliegende and the true coal tracts (eigent- 

liche steinkohlengebirge, with siliceous conglomerate, slate-clay, 

and bituminous shale), as two very closely allied formations, but 

which ought nevertheless to be distinguished from each other. 

And hence in my descriptions I always make a distinction 

betweenthe true coal tracts, and those single beds of coal that occur 

incidentally subordinate to the rothliegende.” + This particular 

* The series given above is also quoted by Mr. Conybeare, on which that gentleman 

observes, *‘ If we look among these rocks for the representative of our own old red 

sandstone, it must be sought in No. 1 and 2, not in No. 11; ” an observation in which 

I perfectly agree with him, since it is one of the points for which I have been contend. 

ing; in confirmation of which I have to observe, that No. 1 and 2 of that series do in 

fact represent the Jowest portion of the rothliegende of Freiesleben. 
_ But that Karsten’s group is to be considered as a general type of the older sandstone 

series, and not as expressing with precision the order of succession throughout, appears 

evident from the introduction of trap rocks and clay ironstone under Nos. 9 and 10. 

The two principal members of the series are first expressed, namely, the old red sand- 

stone by No. | and 2, and the coal formation by No. 3to8. Then trap and clay iron- 

stone are noticed, the former as being incidental both to the old red sandstone and to the 

coal formation, and thelatter as more peculiarly belonging to the coal formation. With 

respect to the rothliegende, No. 1], I must repeat that it is in this position a term, 

denoting the upper portion of the coal measures, where interstratified with and divided 

by red sandstone on a greater or smaller scale as one of its members. And lastly, with 

d to the weissliegende No. 12, I must also repeat that this formation had been con- 

idered as the uppermost bed of the older sandstone series by most German writers, 

until Freiesleben demonstrated that it was the lowest member of the succeeding alpine 

limestone formation (answering to the English magnesian limestone), thus corresponding 

with the calcareous or new conglomerate of England. 
+ Igive the original passage in this place. ‘* In meiner gegenwartigen darstellung 

habe ich jederzeit die formation des rothliegenden und die eigentlichen steinkohlenge- 
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view, however, does not invalidate his general position; namely, 
that all the true coal tracts are comprehended in the older sand- 
stone or rothetodtliegende series ; an arrangement in which all 
German geologists have always concurred. This state of the 
case is proved, not only by the synoptical table, but by the 
words of the author’s text, from which I subjoin the following 
extracts : 

Vol. iv. p. 179. “ It is quite certain that the bed of coal near 
Opperode, in Anhalt, ies in the rothliegende, and I must affirm 
the same of the coal near Wettin, both from my own observa- 
tions, and from the accounts of others, that may safely be relied 
on. But of these I need take no further notice in this place, as 
I mean to describe them in distinct dissertations in the second 
ee to this volume.” 

have given the substance of these descriptions in the Annals 
of Philosophy, Aug. 1822, p. 87—89, to which I beg leave to 
refer the reader; and in relation to which I will here only add 
two other extracts. 

Vol. iv. p. 194. “ The rothliegende extends from Hettstadt 
eastward beyond the river Saale ;” and “ nearer toward Wettin 
its outcrop is covered by the coal tract (naher nach Wettin zu, wird 
sein ausgehendes von steinkohlengebirge bedeckt).” And p. 123, 
where the same fact is related in the following words: “ I have 
been assured that beds of oolitic limestone have been met with 
in the rothliegende that lies below the Wettin coal seams.” This 
language, than which none can be more explicit, is quite consist- 
ent with that of Lehman, who speaks of the rothliegende as 
“la base sur laquelle sont appuyés les lits du charbon de terre,” 
and which 1 quoted upon a former occasion.* 

Again, vol. iv. p. 208. “The coal tracts (steinkohlengebirge) 
situated near Beuthen, Pleiss, and Troppau, in Upper Silesia, 
near Schweidnitz, in Lower Silesia, and in the south-western 
and north-eastern portions of the county of Glatz, are likewise 
ascribed by Von Buch, as well as: by later writers, to the forma- 
tion of the todtliegende.+ The todtliegende, however, appears 
in many parts of those countries in its usual form ; that is, desti- 
tute of coal.” The same fact is repeated, p. 190, 191, with the 
addition, “ Reuss likewise states, that considerable beds of coal 

birge (mit kieselconglomerat, schieferthon, und brandschiefer), als zwey, cinander zwar 
ganz nahe stehende, aber dennoch von einander zu trennende JSormationen, betrachtet ; 
daher ich auch immer noch einen unterschied zwischen dem weiterhin zu beschreibenden 
(untergeordneten) vorkommen einzelner steinkohlenfloctze im rothliegenden und zwischen 
dem eigentlichen steinkohlengebirge annchme.” 

* I avail myself of this opportunity to notice an oversight committed in transcribing 
the account of the lower coal field near Wettin (not Lébegiin, as stated by Mr. Cony- 
beare), by having inserted ‘‘rothe todtliegende,” instead of ‘ rothes thonartiges lie- 
gendes,”’ as the lowest bed (No. 16) observed in that coal field. The error, however, is 
of no real importance, since the expression signifying an argillaceous bed of the rothlie- 
gende, it amounts to the same thing. 
t ‘* Yon Buch. Mineralogical Description of Landeck.” 
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occur in the todtliegende in Bohemia.” * And the same obser- 
vation is to be found in vol.1. p. 46.+ 

Yet with all these facts before him, Mr. Conybeare assures us, 
“ that the plan of Freiesleben’s work does not extend to the coal 
formation, properly so called.” And why? Because that author 
has made a distinction between the single beds of coal that occur 
incidentally subordinate to the rothliegende, and the continuous 
coal tracts. With equal justice might it be said, that the plan 
of a writer on the north-east of England did not extend to the 
coal formation, properly so called, because a distinction was 
made between the single beds of coal incidentally disposed in 
the carboniferous limestone of that tract, and the continuous coal 
measures. 

I think it needless to repeat in this place what I have already 
stated in former communications concerning the occasional 
juxta-position of the old red sandstone and the coal formation, 
as well as concerning their association with limestone, porphyry, 
and trap, respectively. 

There is, however, one part of the German description (ad- 
verted to above, p. 325) that requires distinct notice, since from 
the language employed, it has probably given rise to considerable 
misapprehension. It is where it is said, that a formation of 
coaly shale or coal is interposed in some districts between the 
rothliegende and the subjacent tracts of clayslate and greywacke, 
or porphyry; particularly in certain parts of the Forest of 
Thuringia. This representation seems to imply nothing more 
than that, in the general expanse of the carboniferous series, a 
part of the coal formation is itself in particular quarters in con- 
tact with transition or primary tracts. Yet, even in these cases, 
rothliegende is said to form the basis of the coaly shale or coal. 
See e. g. the account of the coaly shale near Goldlauter, in the 
Upper Trogberg, near Breitenbach, and other places, which 
indeed are considered by Von Hoff and Jacob as belonging to 
the coal formation (Freiesleben, vol. iv. p. 142—169). See also 
the local occurrences of coal in various parts of the Forest. 
(Ib. p. 179—191.) In several of these cases, both limestone 
and porphyry are associated in the series. 

The preceding references and extracts from Freiesleben have, 
I conceive, clearly proved, that the rothetodtliegende series of 
the Germans is the representative of the carboniferous series of 
the English. And no where can I find any evidence in that 
author, by which it could be shown, that the rothetodtliegende 
series has any connexion beyond that of juxta-position with the 
weissliegende ; a formation, which, corresponding both in phy- 
sical characters and in relative position with the calcareous or 

* “Reuss. Mineralogische und Bergminnische Be.nerkungen iiber Bohmen.” 
+ In stating that Von Buch and Reuss refer the true coal tracts of Silesia and 

Bohemia to the todtliegende formation, it is the intention of Freiesleben to show that 
they belong to the first floetz or carboniferous series, in contradistinction to formations 
of coal of later origin (e, g. wood coal) also found in those countries. 
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new conglomerate of England, can alone be considered as form- 
ing the first member of the succeeding series; namely, of the ~ 

pseous and saliferous. The weissliegende, however, has, as 
already remarked, been sometimes called rothliegende by some 
German writers, and this misapplication of the term has thus 
also led to a confusion in description, which really does not 
exist in nature. And here, perhaps, Mr. Conybeare may find 
pre of the sources of the misconception into which he has 
allen. 
From all that has been stated, it is evident that Freiesleben 

affords no support whatever to the position of my opponent ; 
namely, that the rothetodtliegende is the equivalent of the cal- 
careous or new conglomerate of England; and that which is 
attempted to be derived from the sections of Keferstein must, 
for the same reasons, appear invalid. The order noticed there 
in ascending is, it seems, 1. Coal formation; 2. Porphyry ; 
3. Rothliegende; 4. Alpine, or lower limestone formation ; 
5. New red sandstone.* 

Upon this section | have to observe, in the first place, that 
the weissliegende or new conglomerate being by Roorseha> 
included in the alpine or lower limestone formation, I presume 
it is so included in No. 4 of this section; and consequently that 
the rothliegende No. 3 cannot be intended by Keferstein to be 
its representative. And, in the second place, Freiesleben having 
clearly shown the porphyry and coal to be comprehended in his 
general rothliegende series, the term rothliegende applies to the 
uppermost beds of the coal formation as well as to the lowest 
bed of the carboniferous series.| To exhibit, therefore, the coal 
formation, porphyry, and rothliegende, in the above order, as a 
type of the general series, is manifestly an imperfect mode of 
representing their mutual relations ; since the rothliegende (as 
has been shown from Freiesleben) is found alternating with por- 
phyry below the coal formation, and the coal formation itself 
occurs also alternating with porphyry. The fact appears to be 
that in the section adverted to above, Nos. & and 4 (the latter of 
which comprehends also the new conglomerate as the lowest 
member) constitute together the saliferous and gypseous series ; 
while Nos. 3, 2, and 1, belong to the carboniferous series, yet 
displayed in a manner that, so far from being luminous, conveys 
only an imperfect idea of the general subject. Of the two, the 
series presented by Karsten, though by no means complete (and 
from which the weissliegende must be excluded), is, as a general 
type of the rothetodtliegende formation, superior to that of 
Keferstein. Hasty generalizations and forced constructions, 
instead of promoting, tend rather to retard the progress of 

* I quote from Mr. Conybeare, not having myself yet seen Keferstein’s memoirs. I 
resume these memoirs are compiled rather from the recorded observations of others than 
7m. original researches conducted by that author himself, 
*f See the preceding remarks and notes on this head, 
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science ; and correct approximations can only be produced by 
close comparisons, and a careful attention to those details that 
are but too often overlooked. 

Mr. Conybeare has promised to produce detailed quotations 
from Lehman, Karsten, Von Buch, Von Humboldt, Freiesleben, 

. Von Raumer, D’Aubuisson, and Keferstein (I place these names 
nearly in chronological order), all of which shall concur in prov- 
ing, that the great mass of the rothetodthegende occupies a posi- 
tion superior to the coal measures. Now, supposing even that 
this were the case, it could be of no avail to the argument of 
my opponent, as rothetodtliegende does not signify the new 
conglomerate. It is doubtless owing to such a prepossession in 
the mind of that gentleman, that he has ventured to assert that 
the whole of the rothliegende (with its beds of limestone and 
porphyry), extending from the Hartz to the Petersberge on the 
Banks of the Saale, is in a position superior to the coal forma- 
tion. I must, however, take the liberty of observing, that this 
statement appears wholly unjustified, being an inversion of the 
fact, and decidedly at variance with the detailed descriptions 
and general scope of Freiesleben’s work. 
My opponent seems to have been misled, and to have adopted 

this notion, partly by misconceiving the true import of a term, 
and partly by taking an imperfect view of the series connected 
with the coal in the Ihlefeld, Opperode, and Petersberge districts. 
In the first of these, which ranges to the south-east past Neu- 
stadt, the constituent members appear (so far as they are 
exposed) arranged in the following ascending order :* 

1. Coarse grained rothlegende, becoming gradually finer. 
2. Fine grained rothliegende. 
3. Common indurated clay. 
4. Floor shale. 
5. Coal, divided by intervening shale into three layers, 10, 8, 

and 6 inches thick respectively, forming altogether a seam 30 
inches thick. 

6. Roof shale. 
The roof shale and floor shale, as well as that which divides 

the coal seam, contain impressions of ferns and reeds. 
7. Thin slaty indurated clay. 
8. Trap, for a short distance, which is partly amygdaloidal. 
9. Porphyry, extensively, in abrupt cliffs, and in mountain 

masses. 
10. Rothliegende. 
The real purport of the term rothliegende in this series has 

been already explained; and I need here only add, that the 
group (being succeeded by the weissliegende or new conglome- 
rate, and the cupriferous marl shale), gradually thins off to the 
eastward, until in the district of Questenberg, the weissliegende 

* See Freiesleben, vol. iy, p, 175—178, and also p. 146, 147; likewise vol. i, 
p> 43, 44, 
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comes in direct contact with the transition tract; so that in fact 
there is no visible connexion between the carboniferous rocks of 
Ihlefeld and Neustadt, and the old red sandstone which, pro- 
ceeding from the Stollberg territory, ranges through Sangerhau- 
sen and Mannsfeld, and thence to the Banks of the Saale. But 
supposing a connexion to subsist between them (which is not 
improbable), though concealed by the newer floetz formations ; 
if we take into account the disposition of the rocks of Ihlefeld 
and Neustadt, the range being north-west and south-east, and 
the dip south-west, and conceive them to be prolonged in the 
line of their south-eastern direction ; it becomes evident, that 
they must be all in a position superior to the old red sandstone 
of E dierhaiiget and Mannsfeld, yet belong nevertheless to the 
same series. On the other hand, the coal formation at Oppe- 
rode appears, from the description of Freiesleben, to extend 
eastward to Meisdorf, and, perhaps, as far as Endorf, if not 
further, and to repose in that direction on the old red sandstone, 
which in its progress to the westward gradually thins off. The 
relative position of the Petersberge coal tract has been already 
clearly explained. For its description, as well as that of Oppe- 
rode, see the Annals of Philosophy, Aug. 1822, p. 87—89. 

Let us now admit my opponent’s construction of Freiesleben, 
in the tract extending from the Hartz to the Petersberge on the 
Banks of the Saale, taken in a descending order, and see to what 
it leads: 

1. The rothliezende is the new conglomerate. It is covered 
by the weissliegende or calcareous conglomerate. 

N. B. From this it would appear as if the German series 
ossessed a supernumerary new conglomerate.* 
2. The rothliegende contains beds of porphyry, also beds of 

- limestone, also s¢ngle beds of coal. 
N.B. Impressions of monocotyledonous plants, considered as 

characteristic of the true coal formation, appear in this associa- 
tion. 

3. The whole of these are in a position superior to the coal 
formation, properly so called, which belongs to a different 
series. 

4, The plan of Freiesleben’s work does not extend to the coal 
formation, properly so called. 

N. B. Yet the plan of Freiesleben’s work does extend to the 
transition tracts, upon which the rothliegende, in its lowest 
position, is described as reposing, and into which it in a manner 
graduates. Therefore, if we were to combine these two views, 
the carboniferous series would seem to be excluded from the 
geological succession altogether. Yet itis admitted that 

_ * The general character of the weissliegende is that of a calcareous conglomerate, but 
it not unfrequently appears as a siliceous conglomerate. Hence, though sufficiently 
pie i ue by other characters, it has been sometimes confounded with the rothlie- 
gende. 

Stel pea 
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5. True coal formations do occur in the districts of Thlefeld, 

Opperode, and Petersberge; beside those which are found in 
a 6 Saxony, Silesia, Bohemia, Thtiringerwald, &c. 

ow if we are to consider the coal formation, properly so 
called, and the carboniferous series in general, as excluded from 
the plan of Freiesleben’s work (and as a necessary consequence 
from the works of Von Buch, Reuss, Von Raumer, &c. also) ; 
I should wish to be informed in what book or books, and in 
what specific form of words, any description of the carboniferous 
series of Germany is to be met with? 

Contrast these inconsistencies with the following simple view 
of Freiesleben, extending from the Hartz to the Banks of the 
Saale, taken in an ascending order, and for the abstracted 
details of which I refer to the descriptions given in the Annals 
of Philosophy, Aug. 1822, p. 88—91. 

1. The rothliegende, in its lowest position, reposes on the tran- 
sition tracts, into which it graduates in a manner. 

N. B. It thus represents the o/d red sandstone of the English. 
2. The rothliegende contains incidentally sengle beds of coal, 

also beds of limestone, and beds of porphyry. 
N. B. Impressions of monocotyledonous plants occur in asso- 

ciation with the coal. 
3. The preceding form the basis of the coal formation, pro- 

perly so called. 
4. The coal formation, properly so called, consists of the 

usual coal measures, which alternate with beds of porphyry, and 
beds of rothliegende of greater or less extent (the latter being the 
red sandstone of the higher position). 

N. B. This red sandstone of the higher position is exclusively 
designated by Mr. Conybeare as the rothetodtliegende, and as 
the first member of the saliferous series, in direct opposition to 
the general language of Freiesleben. The remains of monocoty- 
ledonous plants occur in the above association ; whereas those 
of dicotyledonous plants appear in the gypseous and saliferous 
series. 

All the preceding constitute together the older sandstone, or 
rothetodtliegende, formation or series. ; 

5. The weissliegende, or new conglomerate, overlies the 
rothetodtliegende series, from which it is wholly distinct, form- 
ing the first member of the gypseous and saliferous series. It 
contains no formation of coal, nor any formation of porphyry.* 

I think it needless to pursue this subject further; persuaded 
that the explanations already given of the expressions “ the 
older sandstone, or rothetodtliegende formation,” on the one 
hand, and the “ weissliegende ” on the other, may supersede 

* The new conglomerate of England also contains no formation of coal, and probably 
none of porphyry either. I have given my reasons, on a former occasion, for suggesting 
that the conglomerate and sandstone associated with amygdaloidal trap in Devonshire, 
may be referable to a much earlier era,z—(See Annals of Philosophy, Aug. 1822, p. 94.) 
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the necessity of further comment. Nor should I have been 
drawn thus far into controversy, had I not considered the exact 
determination of the question to be of primary importance, in 
ascertaining the true relations of a portion of the structure of 
the earth. 

Since, however, the term rothetodtliegende formation has 
been productive of so much misapprehension in the minds of 
foreigners,* { venture to suggest to German geologists the expe- 
diency of abstaining from the use of it altogether. By whatever 
means 4 more perfect harmony might be established between 
the British and German descriptions, it could not fail to redound 
to the advantage of science. This object might be readily 
attained if German writers, adopting in part the language of 
English geologists, would for the future express the group by 
the term “first floetz, or carboniferous series,” instead of 
“‘ yothetodtliegende formation,” and the individual members 
(whenever circumstances will admit of ihe distinct division) by 
those of “ old red sandstone, carboniferous limestone, and coal 
formation.”+ And, in like manner, both countries might speak 
the same language if the succeeding group were designated by 
the expression “ second floetz, or gypseous and saliferous 
series,” and its individual members by those of “ calcareous 
conglomerate, lower alpine or gypseous limestone, and new red 
sandstone, formations.” 

I shall close this paper by adverting to a few remarks con- 
tained in the memoir of Mr. Conybeare, referred to above, 
which require notice, being connected with the present 
question. ; 

1. My information respecting the Portishead case was derived 
from the “ order of superposition of strata” of Prof. Buckland, 
appensed to Phillips’s Outlines of the Geology of England and 

ales, 1818. I find that Mr. Greenough also rested on the 
same authority, when stating that imperfect coal in thin beds 
occurred in the lower part of the old red sandstone (See group, 
No. 22, of the Geological Map of England and Wales). But the 
position being now retracted, the quotation becomes of course 
invalid. 

2. It is stated by Mr. Conybeare, that “the coal seams 
which occur in the tract of the carboniferous limestone are 
reduced to slight traces, which have never yet been worked.” 

This statement does not correspond with the representation 

#* E. g. Omalius d’Halloy, who has erroneously applied the term rothetodtliegende 
to conglomerates belonging to the gypseous and saliferous series.—(See that author’s 
Geological View of the adjacent Parts of France and the Netherlands, in the 24th yol. 
of the Journal des Mines.) 
+ Von Raumer, in his descriptioa of the carboniferous series of Lower Silesia, the 

county of Glatz, and part of Bohemia and Upper Lusatia, avoids the expressions roth- 
liegende, todtliegende, and rothetodtliegende altogether ; designating the general series 
by the term ‘ the red sandstone (rother sandstein) formation.”—(See the Annals of 
Philosophy, Oct. 1821, and Aug. 1822.) 
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of Dr. Boué in Scotland, from which it appears that the greater 
number of the Scotch collieries are situated in that portion of 
the tract which abounds in limestone.* 

According to that author, the carboniferous series, designated 
by him under the general term of terrain du grés rouge, or la 
grande formation de grés rouge,+ appears to be arranged in the 
following order in the great coal tract of Scotland : 

1. Old red sandstone. Poudingues et grés rouges (in a restrict 
ive sense). 

2. Coal formation. Grés houiller, divided into 
a. Lower portion. Assises inferieures. 
b. Upper portion. Assises supérieures. 
c. Uppermost portion. Assises les plus supérieures. 

The old red sandstone, as the foundation of the whole, con- 
tains beds of trap and felspar rocks (partly porphvritic and 
amygdaloidal), with which it also alternates, and likewise some 
beds of limestone. 

The ower portion of the coal formation is characterised by an 
inconsiderable quantity of coal, by variable masses of anthracite, 
by beds of trap and felspar rocks (partly porphyritic and amygda- 
loidal), by beds of limestone, and by sandstone that is some- 
times of a reddish hue. 

In the upper portion of the coal formation, the trap beds seem 
gradually to disappear, and then follows only a fine serves of coal 
measures, associated with numerous alternating beds of limestone. 
It is in this portion of the coal tract that the greatest number of 
the Scotch collieries are situated. 

The uppermost portion of the coal formation is distinguished 
by the absence of beds of limestone, by its abundance of coal 
and of vegetable impressions, and by the appearance of shells 
resembling freshwater species. This portion of the tract, which 
most nearly agrees in its general relations with the great coal 
fields of England, is, however, of rare occurrence in Scotland, 
and appears to be confined to certain parts of Clackmannan- 
shire, and the environs of Falkirk and St. Andrew’s. Of the 
Clackmannanshire coal fields, a very able account has been given 
by Mr. Bald in the Wernerian Memoirs. . 

Dr. Boué dwells in particular ou the numerous beds of lime- 
stone that are distributed throughout the greater portion of the 
Scotch collieries, and on the few localities in the coal tract in 
which that mineral is found wanting.§ 

* I have briefly referred to Dr. Boué’s account of the coal fields of Scotland in my 
Comparative View in the Annals of Philosophy, Oct. 1821, and again in Aug. 1822. 
+ See Essai Géologique sur l’Ecosse, p. 98—102 ; also p. 163, 362,371, &c. 
+ See its description, p. 102—119 of the Essai Géologique sur l’Ecosse. 
§ It was, I presume, from observing the intimate state of association prevailing among 

the different members of the carboniferous series in Scotland (the extreme fundamental 
part only being free from coal, and the extreme highest part only being destitute of lime. 
stone), that Prof. Jameson was induced to follow the German method by ranging the 
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It is important both to the landed proprietor and the miner to 
know, that valuable seams of coal do sometimes occur within 
the domain of the carboniferous limestone ; and in Scotland, it 
is manifest that the limestone and coal are frequently found in 
alternation. Nor is the carboniferous limestone of the north- 
east of England wholly free from them, as shown in Mr. Winch’s 
valuable paper in the fourth volume of the Geological Transac- 
tions.* 

Ihave upon former occasions adduced these and other exam- 
ples to show, that though a general order may be every where 
perceived in the arrangement of the carboniferous series, yet 
that this order is subject to variation zn detail in different coun- 
tries, and even in the same tract of country. Now, it being 
established that in some countries the carboniferous limestone 
is productive of valuable seams of coal ; if it happen in another 
country, that the carboniferous limestone is almost or entirely 
wanting, and the old red sandstone and coal formation are 
thus found in a state of juxta-position, why should it be thought 

whole under one great head, entitled “ the first floetz sandstone, or old red sandstone for- 
mation.”’* Applied in this manner, the expression is equivalent to that of the‘ old or 
first floetz sandstone, or 7-othetodtlicgende formation,” of the Germans, and to the ‘* first 
floetz series,” or ‘‘ carboniferous series,” of English geologists. These collective terms, 
like the ‘‘ grande formation de grés rouge” of Dr. Boué, and “ the red sandstone 
formation” of Von Raumer, are but various modes of expressing the same complex 
idea. The one, rightly understood, is as significant as the other. But the subdivisions 
adopted by English geologists, when applicable, render the subject mere distinct. 

* TI subjoin the following extracts from Dr. Boué’s Essai Géologique sur Ecosse, in 
which his general view of the coal formation of Scotland is exhibited. 

P. 168. ‘‘ Les assises inféricures (du grés houiller) sont caractérisées par une quan- 
tité peu considérable de houille souvent séche, par des amas variables d’anthracite, par 
des couches trappéennes et feldspathiques, par des calcaires compactes contenant des 
corps marins, et quelquefois par des grés rougeftres.”” 

Dans les assiscs supéricures, les couches trappéennes semblent disparoitre, et il n’y 
a plus qu’une belle série des grés houillers associés avec des calcaires en partie compac- 
tes, en partie rendue sublamellaires par des débris d’étres marins, et en partie marneux, 
empatant des coquillages et des morceaux de végétaux.”’ 

“ On observe cependant encore a et 14, des dépéts charbonneux ot les calcaires pa- 
raissent manquer entiérement ou presqu’ entiérement, ot les impressions de fougéres et 
de plantes marécageuses monocotylédones sont extrémement abondantes, et ot ily a des 
lits contenant des coquillages voisins de certaines bivalves fluviatiles ; et l’on est amené 
4 soupconner d’aprés-ces caractéres, et d’aprés les analogies géognostiques, qu’il serait 

* possible que cesderniéres parties fussent les portions les plus supéricures de cette grande 
déposition houillére.”’ 

P. 193. ‘Les assises supérieures du depot charbonneux forment presque seules pour 
le mineur le véritable terrain houiller exploitable ; néanmoins certaines parties, avons 
nous dit, meéritent d’étre distinguées 4 cause de leur manque de couches calcaires, leur 
abondance de houille et d’impressions végétales et leurs coquilles fossiles fluviatiles ; ces 
derniéres espéces de dépéts fort considérables en Angleterre sont rares en Ecosse, et je ne 
puis placer parmi eux, que certaines parties de Clackmannanshire et des environs de 
Falkirk et de St. Andrews, sans vouloir aucunement leur assigner une place exacte.” 

P. 352. “* Dans la série houillére, nous avons surtout insisté sur la quantité considér- 
able de couches de calcaire & encrines que contenaient la plupart des houilléres Ecossaises, 
et sur le petit nombre de localités oi les calcaires venaient A manquer presqu’ entiére- 
ment, et ou l’on apercevait quelques coquillages fluviatiles.” 

* See Notes to Cuvier’s Essay on the Theory of the Earth, Third Edition, p. 237. 
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improbable that the old red sandstone itself should contain inci- 
dentally single beds of coal? Applying this observation, the 
single beds of coal adverted to by Freiesleben as lying in the 
rothliegende, in contradistinction to the continuous coal tract, 
will be found to imply nothing more than the distinction now 
taken. 

It follows from all that has been advanced, that to lay down 
rigid rules with respect to the details of any particular series, 
forming part of the structure of the earth, so that they should 
be always applicable in the same manner in different countries, 
is to expect nature to appear in shackles, which she is not in 
the habit of wearing. The prevalence of a general order of 
succession is indisputable ; but no less so is the variable state in 
which correlative members of the same series are associated 
together; being found in one country distinct from, and in 
another more or less frequently interstratified, with each other. 
Of this truth, the members of the carboniferous series afford 
many illustrative examples ; while the limestone forms in general 
the great connecting link between the fundamental old red sand- 
stone free from coal, on the one hand, and the coal measures 
free from limestone, on the other. 

When on the eve of transmitting the preceding pages to the 
press, the Annals of Philosophy for March, 1823, arrived, contain- 
ing the continuation of Mr. Conybeare’s interesting memoir. I 
perceive no reason to alter any thing that I have written, profess- 
ing, as I do, to have faithfully expounded the positions of 
Freiesleben ; positions quite in accordance with analogous rela- 
tions in Great Britain. It is for those geologists who advocate 
doctrines in opposition to demonstrate their fallacy. Here, 
however, [ cannot avoid complaining that, while the authority 
of Freiesleben is repeatedly appealed to in the course of this 
controversy, his distinctions are not only frequently suffered 
to pass without due attention, but his statements are tried by a 
language in a great measure foreign to his own. The work of 
Freiesleben should be judged not pattially, but as a consistent 
whole, taken all together. 

With great respect for my adversary, as well as for Prof. 
Buckland, I cannot surrender my opinion of the accuracy of a 
writer (without ample proof to the contrary), who, during a resi- 
dence of seven years in a country, made its geological relations 
an express object of his study ; comparing them also with those 
of analogous tracts in other parts of Germany, both by his own 
researches, and those of other naturalists. The opinion attri- 
buted by my opponent to Von Humboldt (an illustrious name, 
and carrying weight with it on any subject), will not, I appre- 
hend, on due examination, be found at all discordant with the 

New Series, vou. v. Z 
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statements of Freiesleben.* That of Dr. Boué, expressing that 
what is erclusively called rothetodtliegende by Mr. Conybeare, 
is not the old red sandstone of English geologists, will be readily 
acceded to, since the former constitutes in fact (with the excep- 
tion of the weissliegende) the upper part of the carboniferous 
series of Freiesleben; but, let it be remembered, this is only 
one part of the question, and not inconsistent with the general 
view of that author.+ The account given by D’Aubuisson 
also, though insufficient in several respects, is not incompatible 
with this view, by whom indeed the rothetodtliegende is ex- 
pressly referred to the same formation as the terrain houiller, 
composing the principal part of its mass.t The language of 
Beudant likewise is of a similar import, who also expressly 
ascribes the rothliegende in question to the same series as the 
carboniferous, designating the latter by the general term of the 
red sandstone formation, and comparing it with that of Scotland 
as described by Prof. Jameson, Dr. Mac Culloch, and Dr. Boué.§ 
On this subject, Mr. Conybeare observes, ‘ whether it (namely, 
the rothetodtliegende exc/us?vely so called by him) be more pro- 
perly referable to the upper part of the carboniferous, or the 
lower part of the saliferous series, is a distinct question, on which 
much division of opinion exists, and which is after all not very 
material. I have endeavoured to compromise the matter by 
treating it as an intermediate link between them.” I cannot 
subscribe to this doctrine. There can be no compromise upon 
a question of truth and error ; nor can it surely be deemed imma- 
terial to which series the rothliegende in dispute belongs, if we 
place a just value on a correct knowledge of the respective rela- 
tions of the two series. My surprise is, that any division of 

* A reference, however, to the Comparative View taken by that distinguished natu- 
ralist of the English and Continental floetz formations, will at once show that it is defi- 
cient in several important particulars.—(See D’Aubuisson, Traité de Géognosie, yol. ii. 

. 255.) 
| + See Dr. Boué in vol. iv. of the Wernerian Memoirs. 

t See Traité de Géognosie, vol. ii. p. 252. ‘‘ Le grés rouge, que nous appelerons 
grés houiller, le terrain a houille en faisant partie, repose immediatement sur le terrain 
primitif ou intermediare.” P. 263. “ La grande formation de grés houiller se divise 
trés convenablement en deux parties ; l’une comprend le terrain houiller proprement 
dit ; et ’autre le grés, appelé, dans la Thuringe, grés rouge, avec ses couches subor- 
données: mais tout en distinguant ces deux parties, nous remarquerons qu’elles appar- 
tiennent @ la méme formation; et quoique le terrain houiller soit le plus souvent aw des- 
sous, il lui arrive quelquefois d’étre entremelé et méme d’étre superposé au gres rouge.” 
And p. 306, ‘“ Le grés, masse principale du terrain houiller, prend souvent wne grande 
extension, en abundonnant, au moins en majeure partie, la houille avec l’argile shisteuse 
qui l’envelope, et il constitue des terrains d’une grande etendue. I] a été principalement 
observé en Thuringe, ow il est connu sous le nom de rothetodtliegende. Werner le 
nomme grés rouge, par suite de sa couleur habituelle dans ce pays.” 

See e. g. the extract from that author’s Travels in Hungary, inserted in the 14th 
number of the Edinburgh Philosophical Journal, in particular, p. 269, and 2735 and 
more generally, p. 267—273, which convey a clear account of the geological relations of 
the Saxon pitchstone, as well as of that of Italy (at Grantola on the Lago Maggiore). 
In both cases, the pitchstone is associated with porphyry, red sandstone, and conglome~ 
rate, the whole of which are referred to the carboniferous series, 
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opinion should exist after the detailed exposition of Freiesleben, 
which tended to reconcile all differences; and that greater 
weight should not have been attached to the judgment and 
descriptions of that author, the correctness of which upon other 
subjects has not hastily been called in question. But be this 
as it may, I am not aware that any German writer ever included 
any portion of the rothetodtliegende formation in the gypseous 
and saliferous series ; while many, on the contrary, did compre- 
hend the weissliegende in the carboniferous series.. The former 
position, therefore, assumed by my antagonist, is in Opposition 
to all German authority.* 

The propagation of error is sometimes as rapid as simple. A 

* Ifthere be any one series in geology more distinct than another, as constituting in 
itself a complete system, wholly independent of preceding and subsequent series, it is 
the carboniferous. It is true that in its lower line of boundary, where imposed upon 
transition tracts, we often hear graduations spoken of, as taking place from the one 
Series into the other. These, however, can be so considered only in a mineralogical 
sense (particularly when the transition sandstone, one of the later members of that series, 
and the first floetz or old red sandstone come in contact): certainly not in a geological 
sense ; for though, in the first place, the two series may in certain quarters be in a con- 
formable position, yet if the line of apposition be examined throughout its extent, a 
general unconformability in the arrangement of their respective strata will be found to 
prevail, the carboniferous series being merely adapted to the form of the surface of the 
transition (or primary, as it may happen) ; and, in the second place, the transition series 
is commonly distinguished by a considerable variety of trilobites and other organic 
remains, while the first floetz or old red sandstone is free from such remains; and the 
only trilobite that I am acquainted with (beside the Oniscites Derbiensis of Martin) as 
occurring in the carboniferous limestone is a distinct species, and, I believe, also pecu- 
liar to that limestone.* 

The upper confines of the carboniferous series are also equally well marked. In 
England, the calcareous or new conglomerate (the first member of the gypseous and sali. 
ferous series) is, I apprehend, invariably found in an unconformably overlying position ; 
in some quarters partially overspreading the surface of the coal fields, and extending 
thence in like manner to the carboniferous limestone, and even to the old red sandstone. 
The weissliegende or new conglomerate in Germany also, with its companion the cupri- 
ferous marl shale, is represented by Freiesleben as partially overspreading the carbonife- 
rous series, conforming to the figure of its surface, following its sinuosities, and surround- 
ing the detached portions of that series that appear in isolated hills; being also in certain 
quarters in contact with transition tracts. Hence arises a variableness in the range and 
dip of the weissliegende, which are sometimes conformable, sometimes unconformable 
to the disposition of the subjacent members of the carboniferous series. That the weiss- 
leigende or new conglomerate is wholly distinct from that series is also proved; 1. By 
its several affinities to the cupriferous marl shale ; and 2. By its being affected in com- 
mon with that shale, and with the lower alpine limestone in general, and the zechstein 
in particular, by various disturbances, which do not extend to the carboniferous series 
_beneath.—(See e. g. Freiesleben, vol. iii. p. 51, et seq. and p. 239, et seq. ; also vol. iv. 

. 21—31.) 
F I may here remark, that in one respect there is a marked difference between the com- 
position of the calcareous or new conglomerate of England, and that of the weissliegende 
of Germany. In the former, rounded and angular fragments of limestone are very com- 
mon, and frequently predominant ; while in the latter they are of rare occurrence. Both 
conglomerates thus bear a close relation to the carboniferous series on which they respect- 
ively repose, and from whose detritus they were principally derived ; the limestone 
frequently prevailing in the British carboniferous series, and being, comparatively speak- 
ing, only incidental in the German. 

* It is the tuberculated species depicted in pl. 4, fig. 12, of Brongniart’s valuable 
Histoire Naturelle des Trilobites, derived from the Dublin limestone. I found four 

cimens of the same trilobite in the Mendip limestone. Mr. Miller has observed it 
ikewise in the limestone of Cork and Bristol. It has been met with also incidentally in 
the carboniferous limestone of other parts of Great Britain, 

Z2 
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judgment is pronounced by a name of celebrity ; it is adopted 
and repeated by other names, perhaps of equal repute ; and thus 
that which was originally a mistake, becomes a rule established 
by authority. But on recurring to first principles, the error is 
discovered, and truth at length prevails. 

To conclude in the words of Lord Bacon, “ the harmony of a 

science, supporting each part the other, is, and ought to be, the 

true and brief confutation and suppression of all the smaller sorts 
of objections.” 

ArTIcLE II. 

On the Crystalline Form of Ice. By James Smithson, Esq. FRS, 

(To the Editor of the Annals of Philosophy.) 

SIR, March 4, 1823. 

I nave just seen a memoir in the Annales de Chimie et de 
Physique for Oct. 1822, but published about a month ago, on the 
crystalline form of ice. 

Mr. Hericart de Thury is said to have observed ice in hexago- 
nal and triangular prisms; and Dr. Clarke, of Cambridge, in 
rhomboides of 120° and 60°. 

M. Haiiy supposed the form to be octahedral, and so did 
Romé de l’Isle; and, if [ mistake not much, there is in an 
ancient volume of the Journal de Physique by Rozier, an 
account of ice in acute octahedrals. 

Are these accounts and opinions accurate ? 
Hail is always crystals of ice more or less regular. When they 

are sufficiently so to allow their form to be ascertained, and 
which is generally the case, it is constantly, as far as I have 
observed, that of two hexagonal pyramids joined base to base, 
similar to that of the crystals of oxide of silicium or quartz, and 
of sulphate of potassium. One of the pyramids is truncated, 
which leads to the idea that ice becomes electrified on a varia~ 
tion of its temperature, like tourmaline, silicate of zinc, Xe. 

I do not think that I have measured the inclination of the faces 
more than once. The two pyramids appeared to form by their 
junction an angle of about 80 degrees. 

Snow presents in fact the same form as hail, but imperfect. 
Its flakes are skeletons of the crystals, having the greatest ana- 
logy to certain crystals of alum, white sulphuret of iron, &e. 
whose faces are wanting, and which consist of edges only. 

In spring and autumn; that is, between the season of snow 
and that of hail, the hail which falls partakes of the nature of 
both, is partly the one and the other ; its crystals, though regu- 
lar, are opaque, of little solidity, and consist, like snow, of an 
imperfect union of grains, or smaller crystals. 
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Articie III. 

Account of some Specimens of Rocks, &c. from Van Dieman’s 
Land, and from New South Wales. By N. J. Winch, Esq. 
Hon. MGS. 

(To the Editor of the Annals of Philosophy.) 

SIR, Newcastle-upon-Tyne, March 27, 1823. 

Tue Literary and Philosophical Society of this place has 
lately been presented with a considerable number of minerals. by 
the Rev. T. H. Scott, of Whitfield, collected by himself in Van 
Dieman’s Land and New South Wales, during his travels in 
those distant regions. And notwithstanding duplicate speci- 
mens, and probably many which were not duplicates, had been 
given to the Universities of Cambridge and Oxford, and the 
Geological Society of London, still we possess a sufficient num- 
ber to throw considerable light on the structure of Australia. 
By many theorists it has been conjectured that these lands are 
of more recent formation than those of the other parts of the 
globe, but with how little justice such an opinion has been 
adopted, the following brief description of some of the best 
defined species of our collection will evince. , 

From Van Dieman’s Land. 

1. A hard slaty sandstone of a pale-brown colour with 
impressions of flustre, resembling those of Humbledon Hill, 
near Sunderland. Pectenites, and some other species of bivalve 
shell, in size and shape like a hazel nut. From a hill near 
Hobart’s Town, 800 feet above the level of the sea. 

2. A very fine grained white sandstone. Near Hobart’s 
Town. If insufficient quantity, this must be a valuable material 
for the purposes of building. 

3. Coal, of the same species as the Newcastle coal. From 
Adventure Bay, eight miles distant from Hobart’s Town. 

4. Black bituminous shale, with spangles of silvery mica, and 
slight impressions of the leaves of some phenogamous plant. 
Above and below the coal at Hobart’s Town. . 

5. Limestone, of a brownish-grey colour, compact texture, and 
splintery fracture, with veins of white quartz. Eight miles 
north-west of Hobart’s Town. Not unlike some of the beds in 
our encrinal limestone formation. 

6. A bluish grey trap rock, resembling the blue millstone 
rock of Andernach on the Rhine. Its structure is cellular, the 
cells containing minute globules of black obsidian, occasionally 
coated by a thin pellicle of iron ochre, owing to decomposition. 
The rocky part is easily reduced to a black slag, by the action 
of the blowpipe, and with the addition of borax, melts into a 
pale green glass filled with air bubbles. The obsidian is reduced 
with difficulty into a brilliant black glass. Masses of this rock 
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are found on stony plains, and it is used as mill stones in the 
colony. 

From Neo South Wales. 

1. Coal, resembling that of the north of England. - 
2. Coal shale, of an ash-grey colour, with impressions of the 

leaves of some phenogamous plant, probably an eucalyptus. 
These leaves are lanceolate, from four to six inches in length, 
by one or one and a half inch in breadth, and have left black 
impressions on the stone. 

. Wood, mineralized by silex; the interior of a dark-brown 
colonr, and compact texture, the exterior, formed on the sap 
wood, pale-brown, and containing longitudinal pores. 

4. Old red sandstone, of a dark reddish-brown colour, and 
made up of small grains of sand, and silvery mica, and envelop- 
ing rounded pebbles of white quartz. Pitt’s Amphitheatre. 

5. Greywacke, consisting of greenish-grey clayslate, inclosing 
small fragments of chesnut-brown flinty slate, and specks of cal~ 
careous spar. From the hills beyond Bathurst. 

6. Chlorite slate, of a greenish-grey colour and silky lustre. 
From the same hills. 

7. Gneiss, composed of white felspar, black mica, and glassy 
quartz. From Cox’s river. 

8. Granite, consisting of fine grained white felspar, glassy 
quartz, and silvery mica. Near Cox’s river. 

9. Large grained granite, chiefly composed of flesh-red felspar, 
with glassy quartz and silvery mica. From Lawson’s Peak, 
beyond the Blue Mountains. 

10. Epidote, of a pale-green colour, and granular texture, 
1]. Felspar porphyry, of a yellowish and greenish-white, with 

crystals of the same colour, mixed with opalescent quartz. 
Fragment of a rounded mass. 

12. Rock crystal, six-sided prismatic crystals, of a smoke- 
grey colour, terminated by six-sided pyramids. 

13. Clay ironstone, of a reddish-brown colour, in nodules. 
14. Bog iron ore, of the same colour. 
15. Bole, of a bright-red colour. 
16. Iron pyrites. 
From the examination of these minerals (provided the series 

be complete), the conclusions to be drawn are, that, with the 
exception of the diluvium, no formation more recent than our 
magnesian limestone, has been found in Van Dieman’s land, or 
our coal formation in New South Wales. That the mountain 
limestone, old red sandstone, greywacke, porphyry, clayslate, 
chlorite slate, gneiss, and granite, follow each other in the same 
order of succession, as is the case in other parts of the world ; 
that no pumice or recent lava have been detected ; and that the 
most remarkable phenomenon is the existence of impressions of 
leaves of phenogamous plants in the shales. 

N.J. Winen. 
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ARTICLE IV. 

On Reaumur’s Experiments on the Congelation of the Metals. 
By Mr. J. B. Longmire. 

(To the Editor of the Annals of Philosophy.) 

SIR, April 3, 1823. 
THE experiments of Reaumur on cast-iron, bismuth, and anti- 

mony, lead to the conclusions, that these metals expand during 
congealation, and are lighter when solid than when fluid. But 
as such conclusions are at variance with the general law, that 
heat expands all bodies whose natural state is solidity, it becomes 
important to show, that Reaumur’s experiments do not militate 
against this law. 

Reaumur found that the metals just-mentioned, when fluid, 
supported bodies specifically heavier than themselves in the solid 
state; so that they should have contracted in melting, and 
would expand again in cooling. 

A floating body is lighter than the fluid that supponts it, pro- 
vided such fluid be quiescent. None, however, of the melted 
metals, if exposed to the air, have the requisite degree of still- 
ness, to form the fluid medium for obtaining accurate specific 
weights ; but least of all, have cast-iron, bismuth, and antimony ; 
metals that cool quickly, and that are in violent agitation, when 
passing down to the point of congealation. Fluid iron, for 
instance, has on its surface, bright glowing, waves, rapidly 
repeated in variable situations ; the hottest particles from below 
rise to the surface in these waves shed laterally to cool, and 
while they sink, others ascend, and give out part of their heat : 
this motion is repeated till the iron begins to consolidate. The 
other metals before-mentioned are nearly as much disturbed in 
cooling as fluid iron; hence in this state they are all too much 
agitated to determine with accuracy the difference of densit 
between their solid.and fluid states. So it follows that Reau- 
mur’s experiments depending on the aptitude of those melted 
metals for this purpose, are inconclusive, and cannot be consi- 
dered as proving any thing against the general law, that all 
bodies, whose natural state is solidity, are heaviest in this state, 
and expand on receiying heat. 

The force of the ascending particles in the melted metals 
before-mentioned, will account for the extra specific weight of 
the bodies that they support.. But the amount of the ascentional 
force is not determinable ; and whether these metals contract or 
expand in cooling is not yet shown by experiment. Such an 
experiment indeed is not easily performed; but to reconcile 
demonstratively the congealation of these metals with the law 
regulating that of all the others, is a desirable and important 
undertaking. tN 4 
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ARTICLE V. 

Astronomical Observations, 1823. 
By Col. Beaufoy, FRS. 

Bushey Heath, near Stanmore. 

Latitude 51° 37’ 44°3” North. Longitude West in time 1’ 20:93”. 

Mar. 30. Emersion of z Scorpio from the 5 12h 54’ 16-4” Mean Time at Bushey. 
moon. 

April 12, Emersion of Jupiter’s first § 8 53 55 Mean Time at Bushey. 
Batellite sisiervictekroaiwieviaiey:: -?2 8 55 16 Mean Time at Greenwich. 

ARTICLE VI. 

On the Ultimate Analysis of Vegetable and Animal Substaices. 
By Andrew Ure, MD. FRS.* 

Tue following is an account of Dr. Ure’s process and 
apparatus for the ultimate analysis of vegetable and animal 
compounds, as described in this paper. The French chemists 
who have operated most with peroxide of copper in the analysis 
of organic substances, being aware of its quick absorption of 
humidity from the atmosphere, direct it to he used immediately 
after ignition, and to be triturated with the organic matter in a 
hot mortar of agate or of glass. “ Yet this precaution,” Dr. Ure 
observes, “ will not entirely prevent the fallacy arising from the 
hygrometric action; for I find that peroxide thus treated does 
absorb, during the long trituration essential to the process, a 
certain quantity of moisture, which, if not taken into account, 
will produce serious errors in the analytical results. It is better, 
therefore, to leave the powdered peroxide intended for research, 
exposed for such time to the air, as to bring it to hygrometric 
repose, then to put it up in a phial, and by igniting 100 grains 
of it in a proper glass tube, sealed at one end, and loosely 
closed with a glass plug at the other, to determine the propor- 
tion of moisture which it contains. This, then, indicates the 
constant quantity to be deducted from the loss of weight which 
the peroxide sufters in the course of the experiment. The mortar 
should be perfectly dry, but not warm.” 

“« Experimenters have been at great pains to bring the various 
organic objects of research to a state of thorough desiccation 
before mixing them with the peroxide of copper; but this prac- 

* Abstracted from the Philosophical Transactions for 1822. Part II. 



1823.] On Vegetable and Animal Substances. 345 

tice introduces a similar fallacy to that above described. ...... 
The plan which I adopt for the purpose of desiccation seems to 
answer very well. Having put the pulverulent animal or vege- 
table matter into short phials, furnished with ground glass stop- 
pers, I place the open phials in a large quantity of sand heated 
to 212° F. in a porcelain capsule, and set this over a surface 
of sulphuric acid in an exhausted receiver. After an hour or 
more, the receiver is removed, and the phials instantly stopped. 
The loss of weight shows the total moisture which each of them 
has parted with; while the subsequent increase of their weight, 
after leaving them unstopped for some time in the open air, indi- 
cates the amount of the hygrometric absorption. This is conse- 
quently the quantity to be deducted in calculating experimental 
results.” 

“ Many chemists, particularly in this country, have employed 
the heat of a spirit-lamp, instead of that produced by the com- 
bustion of charcoal, for igniting the tube in which the mixed 
materials are placed. I have compared very carefully both 
methods of heating, and find that for many bodies, such as coal, 
and resin, which abound in carbon, the flame of the lamp is 
insufficient; while its application being confined at once to a 
small portion of the tube, that uniform ignition of the whole, 
desirable towards the close of the experiment, cannot be 
obtained.* I was hence led to contrive a peculiar form of fur- 
nace, in which, with a handful of charcoal, reduced to bits about 
the size of small filberts, an experiment may be completed with- 
out anxiety or trouble, in the space of half an hour. Since I 
have operated with this instrument, the results on the same body 
have been much more consistent than those previously obtained 
with the lamp ; and it is so convenient that I have sometimes 
finished eight experiments in a day.” 

Dr. Ure next gives a particular account of the whole appara- 
tus he employs, illustrated with an engraving. “ Fig. 1 is an 

horizontal section of the furnace, in which we perceive a semi- 
cylinder of thin sheet iron, about eight inches long, and three 

* Some remarks, by Dr. Prout, on the relative accuracy of analyses performed by 
means of the charcoal and of the lamp apparatus, will be found in the Annals for Dec. 
last, p. 425,—Zdit. 
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and a, half wide, perforated with holes, and resting on the edge 
of a hollow prism of tin-plate, represented more distinctly 1m 
fig. 2, where » shows a slit, through fis 
which the sealed end of the glass tube fr 

_ may be made to project, on occasion. 
Fig. 1,2 is a handle attached to the se- 
micylinder, by which it may be slid back- 
wards or forwards, and removed at the 
end of the process. d is a sheath of 
platinum foil, which serves, by aid of a 
wire laid across, to support the middle 
of the tube, when it is softened by 
ignition. At g the plates which close 
the ends of the semi-cylinder and tin- 
plate prism, rise up a few inches to screen the pneumatic appa- 
ratus from the heat.” 

A third occasional screen of tin-plate is hung on for the same. 
purpose. ‘ All these are oe tat with slits for the passage of 
the glass tube. This is made of crown glass, and is generally 
about nine or ten inches long, and three-tenths of internal dia- 
meter. Itis connected with the mercurial cistern by a narrow 
tube and caoutchouc collar. This tube has a syphon form, and 
rises about an inch within the graduated receiver. By this 
arrangement, should the collar be not absolutely air-tight, the 
pressure of the column of mercury causes the atmospheric air to 
enter at the crevice, and bubbles of it will be seen rising up 
without the application of heat. At the end of the operation, 
the point of the tube is always left above the surface of the mer- 
cury, the quantity of organic matter employed being such as to 
produce from six to seven cubic inches of gaseous product, the 
volume of the graduated receiver being seven cubic inches.” 

“ As the tubes with which I operate have all the same capa- 
city, viz. half a cubic inch ; and as the bulk of materials is the 
same in all the experiments, one experiment on the analysis of 
sugar or resin, gives the velume of atmospheric air due to the 
apparatus, which volume is a constant quantity in the same 
circumstances of ignition. And since the whole apparatus is 
always allowed to cool to the atmospheric temperature, the 
volume of residual gas in the tubes comes to be exactly known, 
being equal, very nearly, to the primitive volume of atmospheric 
air left after the absorption of the carbonic acid in the sugar or 
resin experiment.* Thus this quantity, hitherto ill appreciated 
or neglected in many experiments, though it is of very great 
consequence, may be accurately found. At 4, fig. 1, alittle tin- 
plate screen is shown. It is perforated for the passage of the 

* If a bethe capacity of the graduated receiver, and J the spare capacity of the tubes, 
b 

then the above volume is 6 — 4 
a+b 
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tube, and may be slid along, and left at any part of the semi- 
cylindric cage, so as to preserve from the influence of the heat 
aps soqyaiante portion of the sealed end of the, tube.” 

or the analysis of volatile liquids, Dr. Ure employs a little 
bulb, which, after it has been filled and exactly weighed, “is 
immediately slid down to the bottom of the tube, and covered 
with 150 or 200 grains of peroxide of copper. The bulb has a 
capacity equal to three grain measures of water, and its capillary 
point is sometimes closed with an inappreciably small quantity 
of bees’ wax, to prevent the exhalation of the liquid, till the per- 
oxide be ignited.” 

The furnace is provided with a cover, with an oblong orifice 
at its top, which serves for a chimney, “and may be applied or 
removed by means of its handle, according as we wish to increase 
or diminish the heat. c ¢ c¢ c are tin cases inclosing corks, 
through which the iron wires are passed, that support the whole 
furnace at any convenient height and angle of inclination.” 

“The tightness of the apparatus at the end of the process is 
proved by the rising of the mercury in the graduated receiver, 
by about one-tenth of an inch, as the tube becomes refri- 
gerated.” 
“My mode of operating with the peroxide of copper,” conti- 

nues Dr. Ure, “‘ is the following : 
“ T triturate very carefully in a dry glass mortar from one to 

two and a half grains of the matter to be analyzed, with from 
100 to 140 grains of the oxide. 1 then transfer it by means of a 
platinum-foil tray and small glass funnel, into the glass tube, 
clearing out the mortar with a metallic brush. Over that mix- 
ture, 1 put 20 or 30 grains of the peroxide itself, and next, 50 or 
60 grains of clean copper filings. The remaining part of the 
tube is loosely closed with 10 or 12 grains of amianthus, by 
whose capillary attraction the moisture evolved in the experi- 
ment is rapidly withdrawn from the hot part of the tube, and the 
risk of its fracture thus completely obviated. The amianthus 
serves moreover as a plug, to prevent the projection of any 
minute particles of filings, or of oxide, when the filings are not 
present. The tube is now weighed in a very delicate balance, 
and its weight is written down. A little cork, channelled at its 
side, is next put into the tube, to prevent the chance of mercury 
being forced backwards into it, by any accidental cooling or 
condensation. The collar of caoutchouc is finally tied on, and 
the tube is placed, as is shown in fig. 1, but without the plate k, 
which is employed merely in the case of analysing volatile 
liquids.. A few fragments of ignited charcoal are now placed 
under the tube at the end of the furnace next to the cistern, and 
the remaining space in the semi-cylinder is filled up with bits of 
cold charcoal. The top may then be put in its place, when 
the operation will proceed spontaneously, the progressive advance 
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of the ignition front one end to the other being proportioned to 
the expansion of glass, so that the tube very seldom cracks in 
the process. Indeed I have often used the same tube for a 
dozen experiments, in the course of which it became converted 
into vitrife, or Reaumur’s porcelain.” 

Since the evolved gas is saturated with moisture, Dr. Ure 
reduces it to the volume of drv gas, by help of a table, which he 
gives, computed by the well-known formula from his table of the 
elastic force of steam, published in the Phil. Trans. for 1818. 

In certain cases, where the quantity of hydrogen is small, or 
where, as in the example of indigo, its presence has been denied, 
Dr. Ure employs pulverulent calomel instead of peroxide of cop- 
per. ‘The organic compound being intimately mixed with that 
powder, and gently heated, the muriatic acid gas obtained de- 
monstrates the presence, though half of its volume will not give 
the total quantity of hydrogen ; for a proportion of this elementary 
body continues associated with oxygen in the state of water.” 

Dr. Ure next gives, in detail, one example of the mode of 
computing the relation of the constituents from the experimental 
results, and then states the other analyses in a tabular form. 

“« ]-4 orain of sulphuric ether, specific gravity 0°70, being slowly 
passed in yapour from the ‘glass bulb through 200 grains of 
ignited peroxide of copper, yielded 6°8 cubic inches of carbonic 
acid gas at 66° Fahr. which are equivalent to 6°57128 of dry gas 
at 60°. This number being multiplied by 0°127 = the carbon 
in one cubic inch of the gas, the product 0:8345256, is the 
carbon in 1:4 grain of ether; and 0°8345256 x 8 = 2:2254 
= the oxygen equivalent to the carbonic acid. The tube 
was found to have lost 4°78 grains in weight, 0-1 of which 
was due to the hygrometric moisture in the oxide, and 1:4 to the 
ether. The remainder, 3°28, is the quantity of oxygen abstracted 
from the oxide by the combustible elements of the ether. But 
of these 3°28 grains, 2°2254 went to the formation of the carbonic 
acid, leaving 1:0546 of oxygen, equivalent to 0°1318 of hydro- 
gen. Hence, 1:4 ether, by this experiment, which is taken as 
the most satisfactory of a great number, seem to consist of 

Garbdn: 2262 Stwsiad. . wer oe uti 0:8345 
Hydrogen. ....... d. 02 vdWES J .00 OdSES 
Water: Sidse venis a 2 0 els tle ie te Ode, 

1:4000 
And in | grain we shall have 

Carbon. .... 0°5960 .... 3 atoms 2°25 .... 60:00 
Hydrogen. .. 0°1330 ..,.. 4 atoms 0°50 .... 13°33 
Oxygen. .... 0°2710 .... l atom 1:00 .... 26:66 

el 

1:0000 375 100-00 
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Or, 3 volumes olefiant gas = 3 x 0:9722 = 29166 
2 volumes of water. ....2 x 0°625 = 1:25 

4: 1666 

which suffering a condensation equal to the whole vapour of 
water, wil! give an ethereous vapour, whose specific gravity 
is 2°5. 

“The proportion of the constituents of sulphuric ether, deduced 
by M. Gay Lussac from the experiments of M. Th. de Saussure, 
are 2 volumes olefiant gas + 1 volume vapour of water, which 
3 volumes are condensed into 1 of vapour of ether, having a spe- 

cific gravity = 2°58. The ether which I used had been first 
distilled off dry carbonate of potash, and then digested on dry 
muriate of lime, from which it was simply decanted, according 

to the injunction of M. de Saussure. Whether my ether con- 
tained more aqueous matter than that employed by the Genevese 
philosopher, or whether the difference of result is to be ascribed 
to the difference in the mode of analysis, must be decided by 
future researches.” 
“By analogous modes of reduction, the following results were 

deduced from my experiments. I ought here to state, that in 
many cases the materials, after being ignited in the tube, and 
then cooled, were again triturated in the mortar, and subjected 
to a second ignition. Thus, none of the carbon could escape 
conversion into carbonic acid. I was seldom content with one 
experiment ona body; frequently six or eight were made.” 

TABLE oF ORGANIC ANALYSES, 

Substance. Carbon.| Hydrogen.| Oxygen.| Azote, | Water. | Excess. 

WISDEAE 5 claeen «ale o's acvises's 43°38 629 | 50:33 56:62 
| Sa Oxygen 

2 Sugar of diabetes ........ 39°52 5 57: | 54-91 5113 | 10°35 
SE A esne oe 38°55 613 55°32 55'16 6°03 

A Gum arabic ......2.0 6+. 35:13 | 608 | 5579 | 3? | 54°72) 7-15 
Hydrogen 

DUPRESIIN  o.crdslalays 0\ola eile e.niaie 73°60 | 12:90 | 13-50 15:20 | 11-20 

G)Copal ... sees seeeeeeeees 79°87 9:00 11-10 12°05 7:06 

7\Shell lac.... . Pe briobcs 64-67 822") 27°11 30°5] A:82 
§|Resin of guaiac........+- 67°38 705 | 25°07 28°00 | 3:93 
DM Amber....ce.ceceoecees 70°68 11°62 17-77 20:00 9:40 

10) Yellow wax........+-++- 80°69 | 11°37 194 8:93 | 10-39 
11\Caoutchouc .........-2- 90-00 9-11 0°88 0-99} 9-00 
12/Splent coal.........2.04: 70:90 | 4-30 | 24-80 27:90 | 1-20 
13, Cannel COBU ES IMs e'ates 12:22 3°93 21°05 2:08 | 23°68 1:30 

14 Indigo.......-+eee+-+ee- 71-37 4°38 14:25 | 10:00} 16:00 2°52 

15 Camphor........-+++ ,.., 7738 | 11-14 | 11-48 1291 | 9-71 
16 Naphthaline.........---- 91-06 7:07 0°10? 0-797 

17 Spermaceti oil .......-.+. 18°91 | 10°97 | 1012 11-34] 9-71 
18 Common oil of turpentine.} 82°51 9-62 TST 8:85 8°64 

19| Purified oil of turpentine. .| $409 | 11-05 3:06 A400} 11-01 
20\Naphtha.........-.-.+-: 83-04 | 12°31 4°65 5:23 | 11:73 
21 Asiatic castor oil..,.....- 74:00 10-29 15-71 17-67 8°33 

22|Alcohol, spec, grav. 0°812.) 47°85 | 12°24 | 39:91 A409 | 7°25 
23\Ether, spec. grav. 0°70...| 59°60 |. 13°03. | 27-01 30°05 9-09 
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TABLE OF OrGANnic ANALYSES. 

Substance. Carbon. Hydrogen. Oxygen. Azote. |Water.| Excess, 

: Oxygen 
24|Bleached silk .........-.- 50°69 3:94 | 34°04 | 11:33 | 35°43] 2°55 
PSMIOMON. ale cipic eivim oon cules ay 42°11 5°06 | 52-83 45°56) 12°33. - 
26\Flax, by Lee’s process. .;.| 42°81 505 | 51-07 49:05] 7:07 
“27/Common flax.......+...- A0-74 557 | 52-79 | 0:09| 50-16] 8-02 
28|Wool. ...s..+5...- seeeee| 53°07 | 2°80 | 31°02 | 12-03} 25-07] 8-03 

Hydrogen 
29|Cochineal........+00.-.-| 50°75 5°81 36:53 6:91 | 39:06} 14-01 
30\Cantharides. ........-+6 A864 599 | 36°29 | 9-08) 40°83] 14-53 
SiUreas 2... SBA OREE oe.) 18°57 593 | 43°68 | 31°82) 49°14] 0-47 
32|Benzoic acid........ eee) 66°74 4°94 | 28-32 31°86) 1-04 

. Oxygen 
33/Citric acid .......... we oh] BO UO 4°63 | 62°37 | 41°67} 25:33 
34|Tartaric acid... ......... 31°42 2°76 65°82 | 24°84) 43.74 
35|Oxalic acid.........+06+- 19°13 | 476 | 76-20 42°87| 38-09 
$6|Ferroprussic acid......... 36:82 | 27-89 of iron. 35°29 

“ Remarks on the preceding Analyses.” 

“The sugar which I employed,” says Dr. Ure, “ had been 
purified by Mr. Howard’s steam process, and was so well stove- 
dried, that it lost no appreciable portion of its weight, when 
enclosed along with sulphuric acid in vacuo. The diabetic sugar 
has a manifest excess of oxygen, which, I believe, to be the case 
with all weak sugars, as they are called by the sugar refiners. I 
consider this excess of oxygen as the chief cause which coun- 
teracts crystallization, and, therefore, the great obstacle to the 
manufacturer. The smallest proportion of carbon, which I have 
ever found in any cane sugar, was upwards of 41 per cent. The 
experiments on starch and gum were among the earliest which I 
made, and the results differ so much from those given by other 
experimenters, that I shall repeat the analyses at the earliest 
opportunity. The constituents of the above three bodies, refer- 
red to the prime equivalent scale, will be approximately as 
follows : * 

Sugar, Starch. Gum. 

Carbon...... 5 atoms .... 5 atoms .... 4 atoms 
Oxygen..... 4 ise. 9D e000 cD 
Hydrogen... 4 BE PEC: vita 

“ Starch is liable to a similar deterioration with sugar; that 
is, some species of it make a much firmer coagulum with hot 
water than others; a difference probably due to the proportion 
of oxygen. The starch here employed was that of commerce, 
and was not chemically desiccated : hence, the redundancy of 
water beyond the equivalent proportion. A little hygrometric 
moisture was present also in the gum, as it was not artificially 

* The following are the equivalent numbers employed by Dr. Ure in this paper :— 
Oxygen, 1:0; hydrogen, 0°1255 carbon, 0°755 azote, 1°75, 
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dried. A note of interrogation is placed after azote. That 
doubt will I trust be solved, when I complete my analyses of 
grains, roots, and leaves, with the view of tracing the origin of 
azote in the bodies of graminivorous animals...... With regard 
to resin, [ believe the quantity of its carbon to be somewhat 
underrated in the table. Though three experiments were made 
on it, I now perceive that [ had omitted to retriturate and 
reignite ; and the carbon of resin is very difficult of oxygenation. 
Its true composition is probably, carbon, 8 atoms ; hydrogen, 8; 
oxygen, 1. A still more symmetric arrangement would be 
derived from carbon, 8 atoms ; hydrogen, 9; oxygen, 1. This 
proportion corresponds to 8 atoms of olefiant gas and | atom of 
water; and I think it is very possibly the true constitution of 
resin. Had the loss of weight suffered by the contents of the 
tube, during their ignition, been a few hundredth parts of a 
grain more, the experimental result would have coincided with 
this theoretical view. Copal approaches to carbon, 10 atoms; 
hydrogen, 7; oxygen, 1. Lac may be nearly represented by 
carbon, 6 atoms ; hydrogen, 4; oxygen, 2; or 2 atoms of ole- 
fiant gas + 1] atom carbonic oxide...... Resin of guaiac gives 
carbon, 7 atoms ; hydrogen, 4; oxygen, 2.” 

« Although the experiments on amber were conducted care- 
fully with retrituration and reignition, no good atomic configura- 
tion of it has occurred to me. It approaches to 10 carbon + 
10 hydrogen + 2 oxygen.” ; 

“« Wax is apparently composed of carbon, 13 atoms ; hydro- 
gen, 11; oxygen, 1 ; or, in other words, of 11 atoms olefiant gas 
+ 1 atom carbonic oxide + 1 atom carbon. Had the experi- 
ment given a very little more hydrogen, we should have had 
wax as consisting of 12 atoms olefiant gas + 1 atom carbonic 
oxide. This is possibly the true constitution.” 

““Caoutchouc seems to consist of carbon, 3 atoms; hydrogen, 2; 
or it is a sesqui-carburetted hydrogen. The oxygen deduced 
from experiment is in such small quantity, as to leave a doubt 
whether it be essential to this body, or imbibed in minute 
quantity from the air during its consolidation.” 

“ Splent or slate coal, specific gravity 1-266, abstracting its 
incombustible ashes, approaches in constitution, to carbon, 
7 atoms ; hydrogen, 3; oxygen, 2. Cannel coal from Woodhall, 
near Glasgow, specific gravity 1°228, resembles a compound of 
carbon, 9 atoms; hydrogen, 3; oxygen, 2. In both of these 
bodies, there is an excess of carbon beyond the 3 atams of ole- 
fiant gas and 2 of carbonic oxide. The former coal has 2 extra 
atoms of carbon, and the latter, 4 atoms. Hence this coal is 
found at the Glasgow gas works to yield a very rich burning 
as.” 
“ The elements of indigo may be grouped as follows: carbon, 

16 atoms; hydrogen, 6; oxygen, 2; azote, 1; or, in other 
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terms, we shall have 1 atom cyanogen, 6 atoms olefiant gas, 
2 atoms carbonic oxide, and 6 atoms of carbon in excess.” 

“T had intended to pursue, at considerable detail, my researches 
on this curious azotized product of vegetation, but the subject 
having been lately taken up, and ingeniously prosecuted by my 
pupil and friend, Mr. Walter Crum, { was induced to leave it in 
his hands. He announced to me the presence of hydrogen in 
indigo, before I had analyzed this substance myself; and drew 
my attention particularly to the fallacy occasioned by the hygro- 
metric water of the peroxide of copper. It is likely that some 
slight modification may require to be made in my tabular propor- 
tion of the constituents, for I did not resume the subject of 
indigo, after I had become most familiar with the manipu- 
lations.” 

“‘ Camphor is very nearly represented by carbon, 10 atoms; 
hydrogen, 9; oxygen, 1; or 9 atoms olefiant gas + 1 atom car- 
bonic oxide. Napthaline is, in my opinion, a solid bicarburet of 
hydrogen, consisting of carbon, 2 atoms; hydrogen, 1.” 

“ It is very difficult, even by the best regulated ignition, to 
resolve the whole carbon of this very volatile body into carbonic 
acid; hence, the carbon may come to be underrated in the 
result.” Naphthaline is obtamed during the rectification of the 
petroleum of the coal gas works. It is found encrusting the pipes 
in the form of a greyish crystalline mass ; and when purified by 
a second sublimation at the temperature of about 220°, it forms 
beautiful thin plates, white and glistening. It has a powerful 
petroleum odour. With brine of the specific gravity 1-048, these 
plates, when once thoroughly wetted (which is difficult to effect), 
remain in equilibrium ; that is, float in any part of the liquid. 
That number, therefore, represents the specific gravity of naph- 
thaline. It is insoluble in water, but very soluble in ether, and 
moderately so inalcohol. With iocine, it fuses at a gentle heat 
into a brown liquid, forming as it cools a solid resembling plum- 
bago, which dissolves readily in alcohol, and is thrown down by 
water. Naphthaline is soluble in oils. In water heated to 168° 
Fahr. it fuses, and remains like oil at the bottom of the liquid ; 
bat when stirred, it rises, and spreads on the top in little oily 
atches., At 180° it rises spontaneously from the bottom in oily 

globules, which, as the temperature is raised, dissipate in the air, 
undergoing motions similar to those of camphor floating on 
water. 

“« Spermaceti oil is constituted apparently of carbon, 10 atoms; 
hydrogen, 9 ; oxygen, 1; or, in other words, of 9 atoms olefiant 
gas + 1 atomcarbonic oxide. The experimental proportion is, 
however, more nearly carbon, 10 atoms; hydrogen, 8; oxygen, 1. 
There is here an atom of carbon in excess.”* 

MD ‘* This is probably the truer view, The former would make it coincide with cams 
phor.” 

a.) oe 
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“ Common oil of turpentine, specific gravity 0°888, comes 
very closely to the following arrangement: carbon, 14 atoms ; 
hydrogen, 10; oxygen, 1. Oil of turpentine, purified with alco- 
hol by Dr. Nimmo’s method, seems to approach to the consti- 
tution of naphtha, or of a mere carburet of hydrogen. — Its 
specific gravity is 0°878. Butas from the mode of preparing it, 
a minute portion of alcohol may remain in it, I do not think it 
necessary to investigate its atomical structure.” kas iain 

“Naphtha, specific gravity 0:857, obtained by distillation 
from petroleum, is very nearly represented by carbon, 22 atoms ; 
hydrogen, 20; oxygen, 1. It, therefore, consists of 20 atoms 
olefiant gas, 1 atom carbonic oxide, and 1 atom of carbon held 

in solution.” 
“ Castor oil is an interesting unctuous body, from its great 

solubility in alcohol. It consists nearly of carbon, 7 atoms; 
hydrogen, 6; oxygen, 1. It is composed, therefore, of 6 atoms 
olefiant gas + 1 atom carbonic oxide.” 

“ Alcohol, specific gravity 0°812, is composed very nearly of 
carbon, 3 atoms; hydrogen, 5; oxygen, 2; or, of 3 atoms ole- 
fiant gas = 2-625, 2 water = 2:25. And in volumes, 3 olefiant 
gas = ‘9722 x 3 = 29166; 4 aqueous vapour = *625 x 4= 
2°500. 

_ “Thus alcohol of 0-812, by the above analysis, which I believe 
merits confidence, from the care and consistency of the experi- 
ments, differs from M. Gay-Lussac’s view of absolute alcohol, 
deduced from M. Th. de Saussure’s experiments, in containing 
an additional volume of aqueous vapour. At the specific gra- 
vity °814, alcohol would have exactly this atomic constitution. 
If the condensation be equal to the whole 3 volumes of olefiant 
gas ; that is, if the 7 volumes of constituent gases become 4 of 
alcohol vapour, we shall have its specific gravity at this strength 
= 1:3722; the additional volume of aqueous vapour producing 
necessarily this abatement in the density. 

“ Fibres of the bleached threads of the silk-worm were sub- 
jected to analysis. Their composition is apparently, carbon, 10 
atoms ; hydrogen, 4; oxygen, 5; azote, 1; or, 4 of olefiant gas, 
5 of carbonic oxide, and | of nitrous oxide; or of 1 atom prussic 
acid, 3 atoms olefiant gas, and 5 atoms carbonic oxide.” 

“ Cotton fibres, unbleached, seem to consist of carbon, 
11 atoms ; hydrogen, 8; oxygen, 10. Flax, by Lee’s patent 
rocess, consists of carbon, 7 atoms; hydrogen, 5; oxygen, 6. 
t contains more carbon, and is therefore probably stronger 

than common flax, prepared by a putrefactive maceration. This 
seems composed of carbon, | atom; hydrogen, 1; oxygen, 1. 
But this is the theoretical representation of sugar by M. Gay- 
Lussac and Dr. Prout ; and hence, these chemists would readily 
explain, how linen rags may pass into the form of sugar by the 
action of sulphuric acid. Wool approximates to carbon, 10 
atoms ; hydrogen, 3; oxygen, 4; azote, 1.” 

New Series, vou. v. 2A 
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“ Cochineal seems to be made up of carbon, 15 atoms ; hydro- 
gen, 11; oxygen, 8; azote, 1. Cantharides approximate to 
carbon, 11 atoms ; hydrogen, 10 ; oxygen, 7; azote, 1.” 

_ “ My result with urea differs so considerably in the proportion 
of azote from that of Dr. Prout and M. Berard, that I am dis- 
posed to doubt of the accuracy of my experiments, though they 
were made with the utmost care, and were most consistent in 
the repetition. I could perceive no smell whatever of nitrous 
gas in the gaseous products, which were made to traverse a 
column of copper filings three inches long, in a state of ignition. 
I shall renew the inquiry on urea, and employ the lowest tem- 
perature compatible with the formation of carbonic acid.” 

“The prime equivalent of benzoic acid crystals, I find by 
saturation with water of ammonia, to be 14°5; and it consists 
apparently of carbon, 13 atoms; hydrogen, 6; oxygen, 4. Of 
crystalline citric acid, the prime equivalent is 8-375 by my expe- 
riments ; and it consists probably of carbon, 4 atoms ; hydrogen, 
3; oxygen, 5; or, of 4 atoms carbon, 3 water, and 2 oxygen. 
Two of these atoms of water are separated, when citric acid is 
combined with oxide of lead in what is called the dry citrate. 
Hence, the acid atom is in this case 6:125. The prime equiva- 
lent of crystalline tartaric acid is 9°25 by my results; and it 
seems made up of carbon, 4 atoms ; hydrogen, 2; oxygen, 6; 
or of carbon, 4 atoms; oxygen, 4; water, 2. From my experi- 
ments I have been led to conclude, that into dry tartrate of lead 
these two atoms of water do enter as a constituent ; and hence, 
that the crystals of tartaric acid are as dry as is compatible with 
its constitution. Ovxalic acid crystals have 7:875 for their prime 
equivalent, and are composed of carbon, 2 atoms; hydrogen, 3 ; 
oxygen, 6; or of 2 atoms carbon, 3 oxygen, 3 water. Into the 
dry oxalate of lead, these 3 atoms of water do not enter. Hence 
I find the dry acid to be composed of carbon, 2atoms; oxygen, 3; 
or, of 1 atom carbonic acid +1 atom carbonic oxide, as was first 
suggested, I believe, by Dobereiner. Crystallized oxalate of 
ammonia consists of 1 atom acid, 1 atom ammonia, and 2 atoms 
water, = 8:875. By a gentle heat, 1 atom of water may be sepa- 
rated ; and an oxalate of ammonia, as dry as is compatible with 
its neutrality, remains.” 

“‘T have analyzed, by the peroxide of copper, the citrate, tar- 
trate, and oxalate of lead; and on comparing the results thus 
obtained, with those derived from the analysis of the crystalline 
acids, I have come to the above determinations. 

“ Ferroprussic acid, the ferrocyanic acid of the French che- 
mists, has proved hitherto a stumbling block to me, in reducing 
the results of my experiments to the atomictheory. I have sub- 
jected it to very numerous trials in many states of combination, 
and have sought, with great pains, to accommodate the results 
to the doctrine of prime equivalents ; but hitherto without suc- 
cess. The following facts, however, may perhaps be deemed of 
some consequence. 
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“<In the first place, the prime equivalent of the crystallized 
ferroprussiate of potash is 13-125, compared to oxide of lead 14, 
and to nitrate of the same metal 20°75; that is, 13125 of the 
former salt neutralize 20°75 of the latter. In the second place, 
14 parts of oxide of lead yield 21 parts of dry ferroprussiate of 
lead ; or the atomic weight of dry ferroprussic acid is 7. 

«« The mean of my analyses of ferroprussiate of lead gives the 
relation of the constituents of the acid, as marked in the table. 
These proportions, reduced to the atomic weight 7, afford 

Carbo. 2 «6 ‘sida ota sieisis ieleiale aute = waheweel & hia 
AZOLE a oieesiieiaiaia0.0says tee Eek cows 24/03 
Ferreous matter........ artnet eid ay kes 

70000 

“< Were we to suppose the prime equivalent of the ferroprussic 
acid 7°5 instead of 7; and were we further to suppose that the 
carbon in the above result should be 2°25 = 3 atoms, and the 
azote = 3°5, or 2 atoms, then we might conceive an atom of dry 
ferroprussic acid to be made up of 

EYE 0 in tae’ dea Giiohmakteeseus 5 «een OO AtOMS 22D 
AN ZOLC. 9.5, arsue ht apelin meee NCR EY 3°50 
1) 2 eeepc lene lin agape, ay Sort P| 1:75 

7°50 

“‘ But experiment does not permit me to adopt this theoretical 
representation. ; 

<¢ The best mode that has occurred to me for analyzing ferro- 
prussiate of potash, is to convert it, by the equivalent quantity of 
nitrate of lead, into the ferroprussiate of this metal; then to 
separate the nitrate of potash by filtration; and, after evapora- 
tion, to determine its weight. In this way, 13:125 grains of 
crystallized ferroprussiate of potash afford 12°33 grains of nitre, 
which contain 5°8 of potash.* By heating nitric acid in excess 
on 21 grains of ferroprussiate of lead, I obtained 2:625 grains of 
peroxide of iron, equivalent to 1°8375 of the metal. Hence I 
infer, that the iron in the ferroprussiate of lead is in the metallic 
state ; for the joint weights of the carbon and azote contained in 
7 grains of the dry acid is 5:0477 ; and the difference, 1°9523, 
approaches too closely to the above quantity, 1°8375, for us to 
suppose the metal to be in the state of protoxide. In fact, 2°625 
parts of peroxide x 0-9 = 2°3625 of protoxide, is a quantity 
much beyond what experiment shows to be present.” 

* ¢¢ By careful desiccation, 1:69 grain of water may be separated from 13-125 grains 
of the salt.” 

Da 2 
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Articte VII. 

Memoir illustrative of a general Geological Map of the principal 
Mountain Chains of Europe. By the Rev. W. D. Conybeare, 
FRS. &c. 

(Continued from p. 289.) 

Sands immediately inferior to the Chalk (Green and Iron Sand). 
Craie Chloritee ; in some Instances, Quadersandstein ? 

This formation, where most extensively displayed in England 
(the only country where it has yet received full attention), con- 
sists of the following deposits, each of considerable thickness. 

1, and lowest. Beds of sand highly charged by brown oxide 
of iron containing lignites, associated occasionally with coarse 
limestone containing remains of turtles, crocodiles, and marine 
shells. 

2. Blue marl. 
3. Beds of sand usually coloured by green oxide of iron, but 

occasionally passing into the brown oxide, containing alecyonia 
and sponges, and abundant shells often chalcedonized. 

4. Marl containing several peculiar multilocular shells (hami- 
tes turrilites, &c.), and bones of Saurian animals, passing by its 
lowest beds into No. 3, on which it rests, and by its upper beds 
into the inferior members of the chalk formation which cover it. 

All these varieties, however, are by no means universally 
found even in England, and nothing beyond a general conformity 
to the type of the series taken collectively can be reasonably 
expected in distant countries. 

Localities —(A.) England. 

In England, this series is very imperfectly exhibited in the 
northern counties, where traces only of it are to be seen under 
the chalk wolds of York and Lincolnshire, and crossing the 
estuary of the Wash at Hunstanton cliff in Norfolk. In Cam- 
bridge, Bedford, and Buckinghamshire, the iron sand, No. 1, is 
well exhibited ; but the upper members are more confused. It 
does not indeed appear that the green sand exists as a distinct 
deposit, but is rather blended with the marl, No. 4 (there called 
galt). In Oxfordshire and Berkshire the tract which lies along 
the course of these formations is low, and much concealed by 
diluvial debris ; but insulated portions of the lowest deposit (the 
iron sand) sometimes form summits on the ranges of the oolitic 
hills. In Wiltshire, the green sand, No. 3, is shown in great 
force, as also on the confines of Dorset and Devon, where it 
forms the summit of the elevated platform of Blackdown Hills. 
Insulated ridges of similar character extend on the west of 
Exeter as at Haldon Hill, almost close to the transition district ; 
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but the best opportunities of studying the whole formation are 
afforded by the eastern coast of Dorsetshire (the Isle of Purbeck), 
by the Isle of Wight, and more especially by the great denuda- 
tion of the beds beneath the chalk in the south-eastern counties, 
including the Weald of Kent, Surrey, and Sussex, where all the 
beds above enumerated are displayed on the fullest scale. In 
the other British Islands, this formation only occurs in the north- 
east of Ireland, where it may be seen near Belfast supporting 
the chalk which underlies the great basaltic area of that district. 

(B.) France. 

In France these formations have been observed among those 
which circle round both the northern basin of the Seine and the 
south-western basin. of the Garonne. 

1. They range beneath the escarpment of the chalk hills sur- 
rounding the denudation of Boulogne, a continuation of that 
just mentioned as occupying the south-eastern counties of 
England. 

2. They skirt round the exterior of the chalky zone bounding 
the basin of Paris, forming a broad sandy tract. Mr. de la 
Beche has distinctly described the commencement of these 
chains from the channel near the mouth of the Seine, and illus- 
trated it in his excellent sections published in the Geological 
Transactions for 1822. 

M. Omalius d’Halloy has described the series under the title 
of the lower chalk, which seems very unfortunately chosen, since 
it is only mineralogically applicable to a very small part of it 
(that corresponding to our chalk marl), and has led to much 
confusion both as to the description of the chalk formation itself, 
and its constituent fossils. This author notices the following 
subdivisions: 1. Chalk ; sometimes of a coarser texture, occa- 
sionally mixed with clay, sand, and chlorite, containing pale 
flints abundantly. 2. Tuffeau ; coarse sandy chalk mixed with 
chlorite. 3. Sands and sandstones; often mixed with calcare- 
ous matter. 4. Greyish clay ; commonly of a marly character, 
sometimes mixed with chlorite : the passages of these modifica- 
tions into one another, and their alternations prevent the decided 
determination of their order of superposition, further than the 
assigning the highest position in the series to No. 1. 

The green sand occurs beneath the chalk at Valenciennes ; it 
is there called Turtia. 

3. In the basin of the Garonne this formation has been parti- 
cularly observed by M. Boué along its northern border, stretch- 
ing from the Island of Aix near la Rochelle, to Perigord. 

Humboldt has extracted from an unedited memoir of M. Fleu- 
riau de Bellevue, some very interesting particulars concerning a 
arge deposit of lignites connected with this formation in the 
vicinity of the Isle of Aix. They consist of dicotyledonous 
plants, partly petrified, partly bituminized, and sometimes in the 
state of jet; they are generally compressed, and lie sometimes 
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is regular horizontal beds, sometimes confusedly heaped toge- 
ther. They form a kind of submarine forest, extending in a band 
a league and a half in breadth from the north-west of the Isle of 
Oleron, 14 leagues to the interior of the mainland along the 
right bank of the Charente, about a metre below the level of the 
high tides. They are associated with a coarse grit containing 
bones of large marine animals. The geological constitution of 
the neighbourhood is said to be follpwing an ascending order : 
1. Compact lithographic limestone of an even fracture (La 
Rochelle St. Jean d’Angely), beds of oolite (point of Chatelaillon 
and Matha). 3. Lumacheile and beds of polypiers, with 
impressions of gryphcea angustata. (These three deposits are 
considered as representing the Jura limestones, and the latter as 
identical with the coral rag of England). 4. Great bed of lig- 
nite with marine peat, succin asphalte, and plastic clay. 
§. Ferruginous and chloritose sand, slate clay, and argillaceous 
and calcareous beds with trigoniz and cerithia, and fragments 
of lignite. On the south-west of the Charente, No. 4 and 5 are 
wanting, and a very white limestone said to be the lowest chalk 
rests immediately on the oolites. M. Boue has traced the pro- 
longation of these lignites from Rochefort by Perigueux to 
Saltat in the Perigord. 

Similar instances of the occurrence of lignite in this formation 
have been observed in England in the Isle of Purbeck, the Isle 
of Wight, and in the Weald of Sussex. Mr. Mantell has described 
the vegetable remains of the last-mentioned deposits in the forty- 
second page of his work on the geology of that district. 

The iron ores of Perigord occur in this formation. M. Boué 
has also observed iron sand, green sand (with crabs and echi- 
nites), and chalk marle, on the SW. of the basin of the Garonne 
between Bayonne, St. Severs, and Dax. ‘These deposits repose 
on the Jura limestone, which forms a band at the foot of the 
Pyrenees. Quadersandstein with lgnites succeeds—then a 
few beds of Muschelkalk covering the great saliferous sand- 
stone. 

(C.) Alps. 

On the northern borders of the Alps, the highest beds of the 
exterior calcareous chains consist of a dark-coloured limestone 
often mixed with sand and green particles, and agreeing in its 
fossils with this part of the English series, with the addition of 
nummulites, which are rare (although they do occasionally occur) 
in these beds in England. Similar beds are mentioned, and in 
a similar position, on the skirts of the Maritime Alps, near Nice, 
in Mr. Allan’s account ofthat neighbourhood. (Ed. Phil. Trans.) 
They form the second limestone of the memoir referred to, 

In Cuvier and Brogniart’s Description Geologique des Envi- 
rons de Paris, will be found an account of a formation of the 
same epoch with the craie chloritee, (the English green sand, and 
chalk marl,) in the chain of Buet, with a particular enumeration 
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of its fossils ; and a description of a similar formation overlying 
the beds of Jura limestone at the loss of the Rhine, near 
Bellegarde. 

(D.) Germany. 

The prolongation of the Jura chain through Franconia is 
covered from near Ratisbon with formations, probably coeval 
with those now described. 

I have already hinted my suspicions that more than one form- 
ation are confounded under the name of quadersandstein : that 
rock so called, which is obviously interposed between the Mus- 
chelkalk and Jura limestone, is probably the sand and sandstone 
of our inferior oolite; I still however conceive that much of the 
quadersandstein in the north of Germany will not be found placed 
in that relation, but rather corresponds with our green and iron 
sands ; yet it is highly difficult to pronounce concerning a rock 
which is so seldom seen covered by any thing but diluvial detri- 
tus, and whose true place in the series must, therefore, rather be 
inferred from theory than ascertained by observation. 

(E.) Poland. 

Mr. Buckland considers the sand containing lignite which 
overlies the saliferous sandstones of the Wielickza mines, which 
M. Beudant hesitatingly refers to the tertiary molasse as belong- 
ing in truth to the green sand. Mr. Beudant’s inference rests 
only on the occurrence of lignite, which he erroneously consi- 
dered as peculiar to the tertiary sands, but which, as we have 
seen, is equally common in this formation. Mr. Buckland’s 
opinion is rendered greatly more probable by the general struc- 
ture of the country. 

(To be continued.) 

ArticLe VIII. 

A Means of Discrimination between the Sulphates of Barium and 
trontium. By James Smithson, Esq. FRS. 

(To the Editor of the Annals of Philosophy.) 

SIR, April 2, 1823, 

To distinguish barytes and strontian from one another, it is 
directed in No. 19 of the Journal of the Royal Institution to dis- 
solve in an acid which forms a soluble salt with them, to decom- 
pose by sulphate of soda, and to add subcarbonate of potash to 
the filtered liquor. If the earth tried is strontian, a precipitate 
falls ; if barytes, not. 
When these matters are in a state to be soluble in an acid, a 

more certain, I apprehend, and undoubtedly a much easier pro- 
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ceeding, is to puta particle into a drop of marine acid ona plate 
of glass, and to let this solution crystallize spontaneously. The 
crystals of chloride of barium in rectangular eight-sided plates 
are immediately distinguishable from the fibrous crystals of chlo- 
ride of strontium. 

I have not repeated the process above quoted ; but if sulphate 
of strontium did possess the solubility in water there implied, 
this quality presented a ready method by which mineralogists 
would be enabled to distinguish it from sulphate of barium. On 
trial I did not find water, or solution of sulphate of soda, in which 
sulphate of strontian had long lain, produce the least cloud on 
the addition of what is called subcarbonate of soda. 

The means I have long employed to distinguish the two sulphates 
apart was to fuse with carbonate of soda, wash, dissolve in marine 
acid, &c.; but this process requires more time and trouble than 
is always willingly bestowed, and may even present difficulties 
to a person not familiarized with manipulations on very small 
quantities. 
A few months ago a method occurred to me divested of these 

objections. The mineral in fine powder is blended with chloride 
of barium, and the mixture fused. The mass is put into spirit 
of wine, whose flame is coloured red if the mineral was sulphate 
of strontium. The red colour of the flame is more apparent 
when the spirit is made to boil while burning, by holding the 

_ platina spoon containing it over the lamp. 

ArTIcLe IX. 

Observations on the Temperature, and general State of the Wea- 
ther, on the Coast of Africa from the River Sierra Leone 
(8° 30’ N) to the Equator, but principally in the Gulph of 
Guinea from Lat. 5° N. to the latter. By Capt. B. Marwood 
Kelly, Royal Navy, late of his Majesty’s Ship Pheasant. 

(To the Editor of the Annals of Philosophy.) 

SIR, April 4, 1823. 

From local peculiarities in the state of the weather on these 
parts of the coast, it is usual to divide the year into seasons ofa 
denomination different from other parts of the globe; in place of 
spring, summer, autumn, and winter, they are here called the 
tornado,* rainy, foggy, second or after rains, and fine seasons. 

* These violent convulsions in the atmosphere so terrific to sailors, and which would 

be no less so to landsmen, if the state of cultivation was so far advanced, as to expose the 
husbandman’s labour to the ravages of these dreadful tempests, first shows itself on the 

eastern quarter of the horizon by a deep black cloud heavily charged with electric fluid. 

This cloud continues increasing in size, sometimes for an hour or two before it is put in 

motion, and constantly emitting vivid flashes of lightning, accompanied by heavy and 
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From Sierra Leone and the rivers in its immediate vicinity, as 
far as Cape Appollonia, the tornado season sets in about the 
middle of April, and continues to the middle of June, when it is 
succeeded by the rains; at this time these violent convulsions in 
the atmosphere are frequent; rarely two days pass without one 
being experienced; and even in the early parts of the month of 
April, they are sometimes felt. The load of vapour from which 
the atmosphere is unburdened by them, renders the air pure and 
wholesome, and the rain which falls in torrents for the space of 
an hour dries up so immediately that they may be deemed as 
contributing much to the salubrity of the climate; even to ship- 
ping, except at anchor in the rivers, if due precautions are taken, 
they are attended with no danger, as the gust of wind always 
comes from the land, north of Cape Palmas, and in a parallel 
with it, east of that Cape, and with quite sufficient warning even 
for a merchant ship, with but few men, to make the necessary 
preparations. 

About the middle of June, the rainy season commences, and 
continues to the beginning, and sometimes even to the latter end 
of November: from the little cessation of rain which takes place 
during this period, the ground soon becomes drenched, and 
from it a miasma arises which engenders those pestilential 
remittent fevers so destructive of human life in this part of the 
world. 

As the rains begin to subside, they are succeeded by thick hazy 
weather, arising from a rapid evaporation of the moisture still 
remaining in the ground. 

About the latter end of December, and during the whole of 
January, a wind occasionally blows, possessing properties, and 
attended by circumstances, peculiar to itself; it is known by 
the name of the Harmatan, and blows from the eastward with 
considerable strength. It is always attended by thick hazy 
weather, notwithstanding which it 1s so dry and parching, that 
all wood-work warps and shrinks, and, if united by glue, becomes 
detached. Paper and books appear as if they had been placed 
close by a fire. On the human frame its effects are considerably 
felt; the lips and nostrils become sore and inflamed, and the 

distant thunder. After a time, it rises a little above the horizon, to which its lower edge 
is parallel, and extremely black, and there remains stationary for a short time ; when it 
is again put in motion, the most frightful flashes of forked lightning, accompanied by the 
heaviest possible claps of thunder, now issue from it in rapid succession ; when it has 
reached a little beyond the zenith, a sudden chill is felt in the temperature, and then fol- 
lows a more violent squall, or gust of wind, and rain, than the most fertile imagination 
¢an picture; but which seldom lasts longer than half an hour. I always made a practice 
of taking in every sail, and putting the ship before the wind: and I am of opinion that 
in some of the most violent, even without sail set, if that precaution was not taken, any 
ship would be thrown onher beam ends. On shore, all animated nature seems extinct ; 
nothing is seen, nothing is heard ; every creature, whether man, bird, or beast, having 
sought refuge and shelter from the approaching storm; but no sooner is it over than the 
air, which was before close and sultry, becomes so delightfully pure and invigorating ag 
to reanimate the whole animal creation, 
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throat parched, and other exceedingly uncomfortable sensations 
excited, although it is generally said to give wounds and ulcers 
a strong predisposition to heal. The maximum of the thermo- 
meter is seldom above 75° Fahr. 10° lower than it is both before 
and after it. Its duration varies from two or three to seventeen 
or eighteen days; this may be considered as part of the fine 
season, which continues till the tornados again commence. It 
is not peculiar to this part alone, but prevails throughout the 
whole extent of tropical Africa. 

The Gold Coast, which is said to commence at Cape Appollo- 
nia, but more properly at Cape Three Points, and ends at Cape 
Saint Paul, comes next in the line of coast; and as it differs 

both in height and appearance from that further to windward, so 
does it both in climate and salubrity. 

The tornado season commences early in March, and ends 
about the middle of May ; they are by no means either so violent 
or frequent as on the coast east or west of it. Towards their 
close, and immediately preceding the rains, strong soptherly 
squalls with heavy rain are sometimes experienced, but unaccom- 
panied by thunder and lightning. 

About the middle of May, the first rains commence, and con- 
tinue for six weeks. Europeans who have spent some years in 
the country, suffer much inconvenience from intermittent fever, 
but itis seldom attended with danger. 

Early in the month of July, the first rains cease (it is here that 
cessation commences), and is followed by a dense fog which 
continues till August. During this period those persons who 
are not inured to the climate are subject to attacks of the bilious 
remittent fever, which often proves fatal; the season when this 

pestilential disease prevails is comparatively short, arising I 
imagine from the surface of the land being composed of a light 
sandy soil, which easily admits the water that falls to run off into 
the sea, or to be taken up by evaporation ; it is a singular fact 
that there are no springs on the Gold Coast, and the inhabitants 
are entirely dependent-on reservoirs, in which water is caught 
and preserved during the rains for the whole year’s consumption. 

From the beginning of August to the middle of September, 

the weather is particularly fine and pleasant, the mean tempera- 
ture afloat not being more than 78° Fahrenheit. 

To this succeeds the second rains, which last till the end of 

October, but these are so moderate as not to be more than 

occasional showers. The weather from this time is fine till the 
tornado season again commences. In December and January 
the harmatan occasionally blows as on the windward coast, and 
with the same effects. 

The Bight of Benin,* from Cape Saint Paul to the river 
Ramos, is (with the exception of the tornados being much more 

* The Bight of Benin is formed by Cape Saint Paul and Formosa, which are distant 
from each other about 103 leagues. 



1823.] the Coast of Africa. 363 

tempestuous), subject to the same periodical division of seasons 
as the Gold Coast till the middle of September, when the second 
rains set in with the greatest possible violence, frequently 
attended with the heaviest tornados. I also found that on the 
eastern side of it, from Lagos quite round over that alluvial land 
through which the great rivers flow, a slight tornado came off 
about sunset every evening during the month of November. 

In the Bight of Biafra, the tornado season commences in the 
beginning of February, and lasts to the middle of March, when 
it is succeeded by the first rains. These continue to the middle 
of May, and are then followed to the end of that month by the 
fogs, but they are not nearly so dense as in the Bight of Benin, 
especially in the neighbourhood of the islands. From this 
time to the middle of September the weather is particularly fine, 
but seldom unaccompanied with haze. At the latter period, the 
second rains set in, and fall extremely heavily to the end of 
October, when they begin to subside, and are followed by fine 
weather till the tornados recommence in February. 

The above description of the weather within the before-men- 
tioned limits on the Coast of Africa, although it appears to be 
divided, and governed by laws with the most perfect regularity, 
is by no means to be considered as not subject to any variation ; 
as, for example, in July, 1819, on the Gold Coast and Bight of 
Benin, although generally subject to fogs, I experienced a con- 
siderable quantity of rain till I reached the river Ramos, from 
thence around Cape Formosa, and into the Bight of Biafra, the 
weather was particularly fine although attended with some 
haze. 

Again in the year 1820, I was cruizing in the Bight of Biafra 
during the whole of the months of June and July, and nothing 
could exceed the delightful state of the weather; but in the end 
of July, 1821, I rounded the Bight of Benin ina thick fog, and - 
on approaching Cape Formosa, and running along the north coast 
of Biafra, I found heavy rains constantly falling from midnight 
to noon, which continued for nearly a month. 

Also, although a portion of the year is called the tornado 
season, tornados are not uncommon during the periodical rains, 
insomuch that in the neighbourhood of Sierra Leone, the end of 
September is frequently called the second tornado season. 

The following daily statement of the temperature is the 
mean of three observations of the thermometer taken generally 
at 8 a.m. 1 p.m. and 8 p.m. 

The thermometer was hung against the middle partition of 
the Pheasant’s cabin, with the doors, windows, and ports, always 
open to admit a free circulation of air. 



1819. 1820. 1821. 

June 1 | 803° June 1 | 79° June 1 | 81° . 
2 | 822 2 | soz 2 | 801 
3 834 3 81 3 804 
4 | 83h 4 | 812 4 |81 
5 82 5 81 5 80. 
6 82 6 804 6 81 

’ 7 81 a ( 803 x 194 
8 | 844 gs | 79 8 | 7194 
9 85 9 183 9 19% 

10 | 842 10 | 794 10 | 80 
11 844 Il 794 ll 19% 
12 | 832 12 | 784 12 | 794 
13 83 13 184 13 182 
14 842 14 112 14 18% 
15 832 15 Vt 15 18% 
16 842 16 18 16 719 
LT, |, 812 17 | 18% 17 | 79 
18 834 18 18 18 718 

19 | 81% 19 | 772 19 | 79 
20 | 82% 20 | 76% 20 | 783 
21 823 21 163 21 18 
22 719% 22 163 22 18 
23 81 23 TT 23 TIL 
24 | 802 24 | 17 24 | 78 
25 | 793 25 | 162 25 | 172 
26 | 791 26 | 762 26 | 172 
eT | 782 et | 172 aT | 16 
28 18% 28 Tit 28 15 
29 | 782 29 | 772 29 | 172 
30 80 30 778i 30 18 

Mean of the month ..} 82 |/Mean of the month ..| 78 |/Mean of the month... .| 782 
Maximum therm. on) Maximum therm. on Maximum therm. on 

the 9th at 1 p.m...| 87 the 4th at 1 p.m...} 82 the 6th at 1 p.m,..| 85 
Minimum therm. on Minimum therm, on Minimum therm. on 

the 29th at 8 a.m. .| 78 the 2Ist at 8a.m..| 75 the 28th at 8a.m..] 74 

June, 1819.—From the Ist to 5th, between lat. 11° and 
8° 30’ N, fine weather; the 6th and 7th off Sierra Leone, tor- 
nados and heavy rain; from the 7th to 17th at anchor in the 
river. Weather occasionally fine ; at others showery, and tor- | 
nados. From the 17th to 30th, on the coast between Sierra : 
Leone and Cape Palmas, continued heavy rain, with heavy 
tornados occasionally. : 

June, 1820.—From the Ist to 16th, running from Cape Coast 
to the Island of Saint Thomas, north of the parallel of 3° N, a 
considerable quantity of rain fell; but south of it, had fine wea~ 
ther; from the 17th to 30th cruizing between the parallel of 
2° N and the equator. Fine weather, but cloudy; and I must 
here observe, after three years’ experience, that I have always 
found the weather more cloudy, and the thermometer lower, on 
or near the equator, than a few degrees north or south of it. 

June, 1821.—From the Ist to 23d, at anchor at the Island of 
Ascension particularly fine weather. From the 24th to 30th, on 
the passage from Ascension to Cape Coast, fresh breezes, and 
cloudy throughout. 
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1819, 1820. 1821. 

July 1 | 802° July 1 | 773° July 1 80° 
2 794 2 T12 2 80 
3 183 3 112 3 791 
4 | 793 4 | 79 4 | 792 
5 | 781 I feat AEE 5 | 792 
6 718 6 7163 6 78% 
7 | 784 T | Té65 7 1 112 
8 718i 8 764 8 17 
9 7192 9 75% II 9 784i 

10 | 80 10 | 77 10 | 784 
il 719 11 T14 ll 18% 

12 | 782 12 | 773 12 | 782 
13 | 79 LE TO Ry Ace 13. | T8¥ 
14 | 792 14 | 17% 14 | 11% 
15 | 79 15 | 16% 15 | 78 
16 80 16 18 16 TT 

17 80 17 ty! V7 16} 
18 | 81 18 NG 18 | 76% 
19 | 803 19 | 773 19 | 78% 
20 | 813 20 | 771% 20 | 78 
Ql 11% | TT 21 80 
22 | 783 22 | 17% 22 | 80 
23 | 78 23 | IT 23 | 794 
24 | 182 24 | Tt 24 | 794 
25 | 184 25 | 714 25 | 80 
26 | 78 26 | 113 26 | 19% 
21 | 772 27 | 783 27 | 79 
28 | 174 28 | 76 28 | 781 
29 784 29 T5L 29 781 
30 | 782 30 | 762 30 | 782 
31 | 784 31 | 17 31 | 783 

Mean of the month...| 79 || Mean of the month. ..] 774 |/Mean of the month..| 78% 
Maximum therm. on Maximum therm. on Maximum therm. on 

the Ist atl p.m. ..| 82 the 4th at | p.m...| 82 the 12th at 1, p.m.| 82 
Minimum therm. on Minimum therm. on Minimum therm. on 

the 21st, 23d, 26th, the 7th, Sth, 9th, the 17th at 8 p.m,] 75 
27th,28th at 8 a.m. 15th, 29th, at & 
and p.m. .....00+ 17 BMS Sa slap inked i=.6.5 15 

OP nD ES Ra ee a oe ee ee Oe 

July, 1819.—From the Ist to 9th, from the vicinity of Cape Pal- 
mas to Cape Coast Roads, continued heavy rain. From the 10th 
to 16th at anchor in Cape Coast Roads, cloudy weather, with 
frequent showers. From the 17th to 20th on various other parts 
of the Gold Coast, fine weather. From the 21st to 25th, in the- 
Bight of Benin, continued heavy rain. From tle 26th to 31st, 
in the Bight of Biafra, fine weather. 

July, 1820.—The whole of this month between 1° 50’ N, and 
0° 20’ S, moderate and cloudy weather throughout. 

July, 1821.—From the Ist to 18th on the Gold Coast, 
moderate breezes and hazy, with showers at times. From the 
18th to 23d, rounding the Bight of Benin, in thick hazy 
weather. From the 24th to 3lst, on the coast between Cape 
Formosa and the river Bonni, cloudy and unsettled weather, 
with rain, especially from midnight to noon, 
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1819. 1820. | 1821. : 

August 1 1 772° August I { 717° August 1 | 792 , 
2 P71 3 | 751 76 
3 | 112 2 | 761 3 | 75 ; 
4 | 78 4 | 79 A | 172 
5 | 162 5 | 782 5 ATT 
6 | 784 6 | 78 6 | 76 
7 112 7 772 § 16 
8 | 773 3 | 794 8 | 762 
9 | 774 9 | 742 9 | 774 

10 | 772 10 | 74% 10 | 78% 
il 16% 1] 13 1] 80 

12 15 12. | 722 12 794 
13 16% 13 12% 13 18% 

14 | 78 14 | 73} 14 | 79 
15 7184 15 13% 15 784 
16 | 79 16 | 743 16 | 79 
17 | 773 17 | 75 17 | 793 
18 | 772 18 | 142 18 | 78% 
19 77 19 744 19 17 
20 | 774 20 | 719% a0 | a7 
21 | 78% SU ts 21 | 18% 
22 18% 22 73 22 18 
23 78 23 72 23 79 
24/77 24 | 73 24 | 11k 
25 | 78 25 | 734 25 117% 
26 | 782 26 | 73 26 | 774 
27 | 781 27 | 734 27 | 17% 
28 | 782 28 | 73 O83 ay 
29 | 781 29 | 75 29 | 782 
30 | 74z 30 | 763 30 | 772 
31 791 31 76 31 17 

Mean of the month...| 78 ||Mean of the month ..| 743 ||Mean of the month ..} 772 
Maximum therm. on Maximum therm, on Maximum therm. on 

the 3lst at J p. m.} 80 the 8th at 1 p.m. .| 80 the Ist at | p.m...] 82 
Minimum therm. on Minimum therm. on Minimum therm. on 

the 12th all day. ..1 75 the 13th at 8a.m..! 71 the 3d at 8-a.m...! 74 

August, 1819.—From the Ist to 17th, running from the Bight 
of Biafra to Sierra Leone; while in the neighbourhood of the | 
equator, cloudy, but settled weather, with fresh southerly winds. | 
After passing the lat. of 4° N (about the paraliel of Cape Palmas), : 
continued and heavy rain. From the 18th to 25th, at anchor in 
Sierra Leone River, heavy rain. From the 26th to 31st, between 
Sierra Leone and Cape Mount, cloudy weather, with rain occa- 
sionally. 

August, 1820.—The whole of this month on the Gold Coast, 
the weather generally fine. 

August, 1821.—From the Ist to 6th, at anchor in George’s 
Bay, in the Island of Fernando Po, unsettled weather with rain. 
7th, 8th, 9th, and ]0th, in the vicinity of the above island, with 
a continuation of the same weather. From the 1lth to 3lst, 
between the parallels of 1° and 3° N, and 8° and 4° E, variable 
and unsettled weather, frequently attended with rain. 
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1819, 1820. 1821. 

September | | 79° September 1 | 753° September 1 | 76° 
2 179 2 | 734 2 | 154 
3 | 194 3 |. 162 3 | 15g 
4 | 79 4 | 763 4 | T5E 

. 5 | 7182 5 | 773 5 | 152 
6 | 78} 6 | 772 6 17 
7 | 782 7 | 183 7 | 18 
8 | 784 8 | 78 8 | 80 
9 | 762 9 | 783 9 | 7192 

10 | 75} 10 | 78 10 | 794 
il Tit 1l Wey 11 80% 
12 | 79 12 | 78 12 | 804 
13. | 763 13 | 78 13 | 192 
14 | 763 14 | 173 14 | 80 
15 | 76% 15 | 78 15 | 80% 
16 | 76 16 | 78% 16 | 78% 
17 153 17 79 17 80 
18 | 763 18 | 783 18 | 79% 
19 TAS 19 | 783 19 | 19% 
20.) 1T 20 | 79 20 | 79 
21 18 21 716 21 18 
22 | TT 22 | 173 22 | 19% 
23 | 772 23 | 113 23 | 79 
24 | 7182 24 | 19 24 | 19% 
25 | 78 25 | 792 25 | 80 
26 | 791 26 | 792 26 | 81 
21 | 80 27 | 793 Fp FEL 
28 | 782 28 | 782 28 | 781 
29 | 792 29 | 782 29 | 791 
30 | 791 30 | 734 30 | 794 

Mean of the month ..| 773 ||Mean of themonth ..| 78 ||Mean of the month ..} 782 
Maximum therm. on Maximum therm. on Maximum therm. on 

the 27that 1 p.m..} 81 the 27th at I p. m.} 80 the 26th at 1 p.m.| 83 
Minimum therm. on Minimum therm. on Minimum. therm. on 

the 19th at8 p.m..| 74 the 2d at 8p. m...| 72 the 4th at 8 a. m..| T4 

September, 1819.—From the Ist to 10th, running from the wind- 
ward coast to Cape Coast Roads, moderate and cloudy weather, 
with showers of rain occasionally. From the 11th to 16th, at 
anchor in Cape Coast Roads, fine weather. On the 17th, 18th, 
19th, and 20th, between the parallels of 5° and 6° N, cloudy 
weather. From the 21st to 30th in the Bight of Benin, conti- 
nued and heavy rain. 

September, 1820.—From the Ist to 12th, reaching from 
the Gold Coast to the Bight of Biafra, moderate and cloudy 
weather. From the 13th to 30th, between the parallels of 2° N 
and equator, first week cloudy, with rain occasionally ; latter 
part heavy rain. 

September, 1821.—From the Ist to 9th, running from 0° 30’ 
N, and the meridian towards Sierra Leone, moderate and fine 
weather. From the 10th to 30th, at anchor in Sierra Leone 
River, weather extremely unsettled, with a considerable quan- 
tity of rain. . 
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1819, 1820. “1821. : 

October 1 { 79° October 1 781° October 1 791° 
2 | 79 2 | 782 2 | 794 

> 3 | 79 S | 782 3 | 82 
a | 784 4 | 18 4 | 812 
5 19 5 TTi 5 19 P 

6 | 782 6 | 78 6 | 804 
of 7192 Ff 782 Zh 82 
8 | 782 8 | 781 8 | 81 
9 | 794 9 | 78 9 | 803 

10 | 79 10 | 783 10 | 783 
11 794 ll 78 ll 80 
12 192 12 784 12 81% 
13 79 13 172 13 794 
14 802 14 18 14 719 

15 81 15 18 15 81+ 
16 | 803 16 | 772 16 | 8h 
17 18% 17 T74 17 80 
18 80 18 17 18 804 
19 | 794 19 | 7721 19 | 814 
20 | 793 20 | T7t 20 | 834 
21 | 81 Ql | 772 21 | 832 
22 | sit 22 | 79 22 | sel 
23 | sot 23 | 192 23 | 822 
24 | 802 24 | 772 24 | 83 
25 192 25 80% 25 833 

26 80 26 802 26 814 

27 | 802 27 | 812 a7 | 83¢ 
28 | 81 28 | 81 28 | 83} 
29 | 81 29 | 794 29 | 812 
30 | Sik 30 | 812 30 | 83 
31 | 814 31 | 784 31 | 83t 

Mean of the month ..| 80 ||Mean of themonth ..| 782 ||Mean of the month ..| 814 
Maximum therm. on ‘(Maximum therm. on Maximum therm. on}, 

the 30th at 1 p.m.} 82 the 30th at 1 p.m.} 84 the 25th at 1 p. m.| 86 
Minimum therm. on Min. therm. on 24th Minimum therm. on! 

the 5th at 8a.m...| 17 at 1 p.m. atornado! 76 the 10th at 8 a.m.| 77 

October, 1819.—From the Ist to 25th, cruizing in front of 
the Bight of Benin, nearly the whole time between the parallels 
of 4° and 5° N, continued and most heavy rain. The remainder 
of the month on the Gold Coast, fine weather. | 

October, 1820.—From the Ist to 13th, between the parallels of : 
1° 20’ N and equator, and 9° and 3° 30’ E, continued and heavy 
rain. From 14th to 23d, between the parallels of the equator 
and 4° N and 3° E® and 18° W, cloudy weather. From the 
24th to 3lst, between the parallels of 5° and 8° 30° N, and 13° 
and 14° 30’ W, continued and heavy rain. 

October, 1821.—From the Ist to 16th, cruizing between the 
parallels of 8° and 6° N, and 12° and 14° W, extremely un- 
settled and squally weather, attended by heavy and frequent 
rain. From the 17th to 31st, cruizing between the parallels of ' 
6° 30’ and 11° 30’ N, and 14° and 19° W, light winds, calms, 
and fine weather. 
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1819, 1820. 1821. 

November 1 | 82° November 1 | 804° November 1 | 84° 
2 82 2 80 2 84 
3 | 822 3 | 803 3 | 845 
4A 822 4 804 4 84 
5 | 892 5 | 804 5 | 83h 
6 82 6 80 6 83% 
7 83 i 802 t 83 
8 | 832 8 | 803 6 | s2n 
9 | 84 9 | 81 g | 822 

10 | 82% 10 | 792 10 | 801 
11 83 ll 19% 11 80 
12 824 12 80% 12 80 
13 |} get 13 | 8c4 13 | 782 
14 83 14 803 14 782 

15 | 82% 15 {79 15 | 794 
16 | 82i 16 | 823 16 | 812 
17 | 80 17 | 82 17 | 8it 
18 | 832 18 | 80 18 | 81k 
19 | 84 19 | 812 19 | 814 
20 | 832 20 | 81 20 | 82 
21 | 83 21 | 824 21 | 83 
22 | 823 22 | Si 22 | 84 
23 | 83 S 23 | 804 23 | 832 
24 812 24 81 24 84 
25 | 802 25 | 80z 25 | 842 
26 | 824 26 | siz 26 | 84t 
rif 834 2T 82 27 84 
28 834 28 81 28 834 
29 831 29 81t 29 844 
30 812 30 82 30 84 

ee ee es —' cad poeeeetince, 

Mean of the month ..| 823 ||Mean of the month ..} 802 |/Mean of the itionth.. .| 822 
Maximum therm. on Maximum therm.. on Maximum therm. on 

the 19th at I p.m..| 85 the 16th at 1 p.in..} 84 the 29th at I p.m,.| 87 
Minimum therm. on Minimum therm. on Minimum therm. on 

the I7that 8am. 78 || the 10th at8a.m..| 77 || the Ith ata. m..| 76 

November, 1819.—The whole of this month, between the 
parallels of 6° and 3° N, and 1° and 6° E, generally fine wea- 
ther, but a few tornados. 
_ November, 1820.—The whole of this month, in the vicinity of 

Sierra Leone, during the first 16 days a considerable quantity of 
rain fell. The last fortnight the weather was cloudy, but other- 
wise fine. 
~ November, 1821,—Throughout the whole of this month cruiz- 
ing between the Island of Goree and river Sierra Leone, the 
weather particularly fine, but frequently attended with consider- 
able haze. 

New Series, vou, ¥. 2B 
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1819. 1820, 1821, 

‘ 1 December 1 -| 8129 December 1 814° December 1 | 82° 
® git 2 | 82 2 | Bik 

3 | 832 3 | 812 3 | 80} 
4 | 824 4 ;8sii A | 80% 
5 7192 5 80 5 | 802 

6 | 80 6 | 80 6 | 8it 
7 | 134 7 | 814 7 18! 
8 &04 8 81 8 80 
9 824 9 19 9 80 

10 19 10 804 10 80 

11 18% 11 81 il 80} 
la | 792 12 | 803 12 | 792 
13° | 18% 13 | 303 13 | 813 
14 V9 14 80% 14 804 
15 82 15 804 15 804 
16 | 822 16 | 814 16 | 80 
17 | 822 17 | sit 17 | 792 
18 832 18 804 18 19 
19 83 19 8l 19 18 
20 812 20 81 20 78 
21 80 21 82 21 78 

22 814 22 81 22 172 
23 | 178 23 | 80 23 | 792 
24 80} 24 793 24 19% 

25 | 82 25 | 183 25 | 792 
26 792 26 804 26 802 
2T |} 82k 27 | 784 27 | 802 
28 83 28 794 28 804 
29 834 29 791 29 184% 
30 §21 30 792 30 79% 
31 822 31 s0+ 3l 79 

Mean of the month ..} 81. |/Mean of themonth ..| 804 |/Mean of the month ..}.79% 
Maximum therm. on! Maximum therm. on Maximum therm. oni 

the 9th at | p. m..} 86 the 4th at ] p.m..} 84 the 7th at 1 p. m..| 85 
Minimum therm. on Minimum therm. on} © ||Minimum therm. on 

the 10th at 8a.m..1 77 the 25th at 8 a. m.! 75 the 19th at 8 a.m.| 75 

December, 1819.—From the Ist to 14th, in and near Princes 
Island, fine weather. From the 15th to 31st, between the 
parallels of 1° 30’ and 4? 57’ N, running from Princes Island to 
Cape Coast Roads, moderate and cloudy weather ; between the 
19th and 24th, squally at times. ; 

December, 1820.—From the Ist to 16th, between Sierra Leone 
and Cape Palmas, the weather very unsettled and squally with 
rain. From the 17th to 23d, between Cape Palmas and Cape. 
Coast; and from the 24th to 3lst, at anchor at the latter place, 
weather generally fine and: pleasant. 1 

December, 1821.—The whole of this month at anchor in 
Sierra Leone River. From the lst to 13th, regular sea and land 
breezes, with fine weather. From the 14th to 23d, a strong 
harmatan blowing, with thick hazy weather. From the 24th to 
31st, light and regular sea and land breezes, with fine weather, — 
but rather hazy. 

— 
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1820. | 1821. | 1822, 

Janu 1 | 823° January 1 802° . January 1 1742 
“ye. | 83” Ys | soi Ts | 78% 

3 | 822! 3 | 802 3 | 681 
4 | 823 | 4 | sit 4 | 802 
5 | 83 | 5 | sit 5 | 804 
6 | 822 6 | sit 6 | 804 
7 | 812 7 | 193 7 | 81k 
8 812 8 82 ’ 8 sl 
9 8it 9 8yt 9 $1 

10 804 10 $22 10 sii 
IL 80 1] 83 I! 81 
12 792 12 S294 12 8it 
13. | 804 13 | 812 13 | 814 
14 0% 14 80% 14 82 
15 81% 15 S14 15 18 
16 82 16 82 16 804 
17 82} 17 $24 17 864 

18 803 18 82 18 804 
19 sot 19 82 19 81% 

20 81% 20 512 20 82 

21 804 21 812 oA | 80% 
22 81 22 83 22 19 
23 182 23 8) 23 80 

24 80% 24 80 24 19 

25 | 814 25 | 8it 25 | 182 
26 82 26 $1 26 79 
27 | 83h a1 | 82 21 | 774 
28 | 822 | 28 | 81 28 | 782 
29 822 29 §21 29 781 
30 822 30 822 30 80 
31 824 31 81 31 80 

Mean of the month...| 813 ||Mean of the month ..| 813 ||Mean of the month ..} 80 
Maximum therm. on Maximum therm. on Maximum therm. on 

the 27th at ] p.m.| 34 the 29th at I p. m.| 86 the 20th at 1 p.m..| 85 
Minimum therm. on Minimum therm. on Minimum therm. on 

the 23d at Sa.m..! 77 | the 4Ist at 8a.m. .! 77 the Ist.at 8 a.m...] 75 

January, 1820.—From the Ist to 18th, on the Gold Coast, 
moderate and settled weather. Erom the 19th to 31st, cruizing 
between the parallels of 4° and 5° N, in front of the Bight of 
Benin, continued fine weather. 

January, 1821.—From the lst to 7th, on the Gold Coast, 
moderate and fine weather. From the 8th to 23d, between the 
parallels of 5° 30’ and 4° N, and 1° 30’ and 7° 30’ E, light winds 
and fine weather attended by considerable haze. From the 24th 
to 3lst, near the Island of Fernando Po, and at anchor in the 
Bay, light winds and fine weather ; while at anchor in this Bay, 
found a greater variation of the temperature between the night 
and day than any part of the coast I had visited, the range being 
9° or 10°. 

January, 1822.—The whole of this month in Sierra Leone 
River; the weather in general moderate, but’a slight tornado 
or two towards the middle of it. 

on 
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1820, 4 1821, 

February 1 | 83° February 1 | 82° 
$33 2 | 8i4 

3 | 832 3 | 81 
A | 831 4 | 822 
5 | 83 5 | 82k 
6 | 832 6 | 822 
7 | 822 7 | 822 
8 | 842 8 | sit 
9 | 842 9 | 823 

10 | 84 10 | 834 
ll 822 11 83 
12 | 84 12 | 822 
13 | 822 13 | 83% 
14 83 14 | 83} 
15 | 892 15 | 822 
16 834 16 | 82¢ 
17 | 84 17 | 83 
18 | 84 18 | 832 
19 834 19 834 
20 832 20 84 
21 844 21 84 
22 | 83 22 | 84 
23 83 23 84 
g4 | 83 24 | 84 
25 | 813 25 | 84 
26 | 83 26 | 832 
Si 834 oT 82 
28 | 842 28 | 832 
29 84 ee —-. 

oe —-||Mean of the month ..| 83 
Mean of the month. .} 834 ||Maximum therm. on 
Maximum therm. on the Ist at 1 p. m..} 86 

the 9th at 1 p.m..} 86 ||Minimum therm. on 
Minimum therm. on the Ist at 8a. m..| 78 

the 15that8a.m..! 81 

February, 1820.—Throughout this month, cruizing between 
the parallels of 4° and 6° N, and 3° and 5° E, generally fine 
Weather. | 

_ February, 1821.—Nearly the whole of this month between the % 
' parallels of 2° 30’ N and the equator, and 8° 30’ and 1° 30’ E, : 
light winds and cloudy, but fine weather throughout. 
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a a | 

Mean of the month.,.} 824 ||Mean of the month. .. 824 -. 
Maximvin therm. on Maximum therm. on} ° 

the 26th at 1 p.m.| 86 the Ist at l p.m...] 85 
Minimum therm. on Min. therm..on 16th) 

the 31st at 8p. m.! 78 at 1 p.m. atornadol 79 — 

March, 1820.—From the Ist to 7th, in and near Princes 
Island, in general, fine weather, but sometimes squally, From 
the 8th to 28th, between the parallels of 2° and 5° 30’ N, and. 
7° 30’ and 2° E; the remainder of the month on the Gold Coast; 
generally fine weather; between the first periods had a few tor- 
nados.. 

March, 1821.—From the 1st to 7th, between the parallels of 
2° N and 1° 21’ E, and the Gold Coast, moderate and fine 
weather. From the 8th to 21st, on the Gold Coast, fine weather, 
From the 22d to 31st, between the parallels of 3° 30’ and 1° 30’ 
N, and 1° and 7° E, moderate and pleasant weather, 



* 374 Capt. Kelly on the Temperature of [May, 

1820. te 1821. 

‘ April { | 83° April 1 | 823° 
2 834 2 83 
3 | 84 3 | 831 

ri 4 | 852 4 | 794 
bi 5 | 861 5 1 824 

6 | 85 6 | 823 
1 | 84 1 | 803 
8 | 844 8 | sot 
9 | 83} 9 | s2 

10 | 842 10 | 83 
il 84 M1 84 
12 | 823 12 | 83} 
13 83} 13 81 
14 | 833 14 | 822 
15 | 83 15 | 80 
16 Tvs 16 82 
17 | 823 17 | 802 
18 | 81 18 | 922 
19 | 813 19 | 831 

. 20 80% 20 83 
21 | 803 21 | 834 
22 80 22 82 
23 | 80 23 | 822 
24 | 793 24 | 83 
25 | 79% 25 | 822 
26 | 802 26 | 82 
27 81 27 83 
28 | 80L 28 | 83 
29 | 81 29 | 832 
30 | 82 30 | 84} 

Mean of the month ..} 824 ‘Mean of the month .. .}- 824 
Maximum. therm. on ‘Maximum: therm. on}; 

the 4th at 1 p.m..| 88 || the 30th at I p. m.| 86 
Min. therm. on 16th}. - ‘Minimum therm. on 

atl p.m..a tornado} 77 || the 4th at 8p. m..| 78 

April, 1820.—From the Ist to 24th, running from the Gold 
Coast to the Island of Ascension, between the coast and equa- 
tor experienced ‘frequent and heavy tornados ;,and between, the 
parallel of 3° N and the latter had continued and heavy rain. 
Crossed the meridian and equator on the 16th nearly at the 
same time, after which had strong southerly and SSE winds, 
with cloudy weather, all the way to Ascension. _ The remainder 
of the month at anchor at Ascension fine weather, 

April, 1821.—From the Ist to 11th, in the vicinity of Princes 
Tsland, experienced séveral tornados ; otherwise had fine wea- 
ther. From the 12th to 20th, running from Princes Island to 
the Gold Coast, experienced frequent and heavy tornados. 
From the 21st to 30th, on the Gold Coast, fine weather, with the 
exception of a tornado at times. : : 
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1820. | 1821. 

May 1 824° May 1 83° 

2 | 82 2 | B44 
= 83 3 83 

4 | 824 4 | 81k 
5 | 83% 5 | 80 

6 | 822 6 | Sor 
7 | 8 7 |. 82h 
8 -| 813 8 | 822 

9 | 794 9 | 802 
10 19% 10 822 

it | 794 It. | 824 
12 | 813 12 | set 
13 | 803 13 | 814 
14 =| 80% 14 | 312 

15 | 814 1d. | 812 

16 | 80% 16 | 81% 

17 804 17 802 

18 80 18 804 

19 19% 19 804 

20 80 20 80% 

21 19 21 804 

22 | 781 92 | 80% 
3 | 174 23 | sok 

24 | 192 24 | 804 

25 | gor 25 | 793 
26 | 802 26 | 80 
at | 81g 27 | 802 
98 82 28 814 

29 83 29 814 

30 | 892 30 | got 
31 8t 3 804 

Mean of the month ..| 81 |{Mean of the month..} 813 

Maximum therm. on Maximum therm. on 

the 4th at 1 p.m..} 85 the 2d at] p.m. ..| 86. 

Min, therm. on 23d at Minimum therm. on 

8 a.m. on equator. .! 77 the 25th at S a.m.! 78 

May, 1820.—From the Ist to 16th, at anchor at Ascension, 

fine clear weather. From the 17th to 3lst, running from Ascen- 

sion to Cape Coast Roads. While south of the equator, had 

strong breezes and cloudy weather. On approaching the coast, 

experienced unsettled weather, with rain. he 

May, 1821.—From the lst to 7th, at anchor in Cape Coast 

Roads, cloudy weather, with rain occasionally. From the 8th 

to 14th, between the Gold Coast and equator, variable weather, 

sometimes fine, at others rainy. From the 15th to 26th, between 

the equator and the Island of ‘Ascension. On the 27th, anchored 

at the latter; fine weather throughout. ° 
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ARTICLE X, 

On the Height of the Barometer, By M. P. Moyle, Esq. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Helston, April 15, 1823. 

A proper collection of accurate barometrical observations 
would give us a correct idea of the height of the different places 
where they are kept above the level of the sea, as well as serv- 
ing other useful purposes ; but unless every necessary correction 
is made, this cannot be obtained. From the few observations 
that I have made on those tables which have appeared in the 
Annals, this consideration does not seem to have been properly 
meditated. It may not, therefore, be unacceptable to such of 
your correspondents to make a few remarks on this particular 
point, and thereby prove its necessity. 

It is well known that mercury expands by heat, and contracts 
on the application of cold. Hence the height of the mercurial 
column in the barometer is affected not only by the pressure of 
the atmosphere, but by the temperature, and the attention of 
meteorologists ought to be more fully drawn to this considera- 
tion to render their tables of the greatest utility. 

The standard temperature for observation is agreed on all 
hands to be 32° of Fahr.; consequently if made at a time when 
the thermometer stands above or below this point, it must of 
necessity indicate a higher or lower range respectively ; and to 
prove the extent of error arising from the neglect of this circum- 
stance, let us suppose that the height of 30 inches of mercury 
is taken when the attached thermometer stands at-72°; this 
would give an excess above what it would be at 32° of more than 
13 ths of an inch from the mere expansion of the mercury, 

o wonder then that errors arise in our calculations. 
General Roy found that the expansion of one inch of mercury 

in the barometer tube at 32° was ‘0001127 : hence to reduce the 
observed height of the mercury to what it would be at 32°, 
becomes an easy matter; but for the greater facility, 1 have 
constructed the following table, which represents the expansion 
of one inch of mercury for its corresponding temperature. It 
extends from 32° to 150° beyond which it is not probable that 
any observation will be made. 

In order to obtain the exact temperature of the mercury, the 
observation should be made by a thermometer attached to the 
frame of the barometer, that it may warm and cool along with it. 
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32°" -0001127 [| 62° -0032910] 92° -0064020 [122° -0093030, 
33 *0001127|63 -0033976} 93 -0065026)123 -0094276 
34 -0002250| 64 -0035040| 94 -0066030|124 -0095220 
05 °0003370|65 -0036102} 95. :0067032| 125 -0096162 
36 0004492] 66 -0037162| 96 -0068032)126 -0097102 
37. -0005610}67 0038220} 97 -0069030| 127 «0098040 . 
38 *0006726|68 -0039276} 98 -0070026] 128. -0098976 
39 -0007840}69 -:0040330| 99 -0071020|129 -0099910 
40 -0008952)70 :0041382)100 -0072012}130 -0100862. 
41 -0010062|71 :0042432}101 -0073002|131 -0101772 
42 :0011170}72 -0043480/102 -00738990}132 -0102700 
43 -0012276|73 :0044526/103 -0074976} 133 -0103626, 
44 -0013380]74 -0045570|104 -0075960]134 -0104550 
45 °0014482|75 -0046612)105 -0076942}135 -0105472 
46 -0015592|76 -0047652|106. -0077922|136 -0106392 
47 -:0016680}77 -0048690|107 :0078900| 137 -0107310 
48 -0017776|78 -0049726|108 :0079876}138 -0108226 
49 :0018870|79 -0050760}109 -0080850|139 -0109140 
50 -0019962|80 -0051792}110 -0081822]140 -0110052 
51 -0021052|81 -0052822/111 -0082772/141 +-0110962 
52 *0022140/82 -0055850|112 -0083760|]142 -0111870 
53 +0023226|83 -0054376/113 -0084726|145 -0112776 
54 :0024310)84 -0055900}114 -0085690|144 -0113680 
55 °0025392|85 -0056922}115 -0086652)145 -0114582 
56 :0026472/86 -:0057942)116 -0087612)146 -0115482 
57 °0027550 | 87 :0058860)117 -0088570} 147 -0116380 
58 :0028626|68 -0059976|118 -0089526}148 -0117276 
59 0029700) 89 -0060990}119 -0090480)149 -0118170, 
60 :0030772|90 -0062002}120 -0091432}150 -0119062, 
61 °0031842191 -00630121121 -0092580 

There are different ways to calculate the correction from this 
table; the first, and most accurate, is, that of multiplying the 
sum in the table corresponding with the observed temperature 
by 30, which gives the expansion for 30 inches of mercury. 
Then let the observed height of barometer be 28°420, attached 
thermometer 72°, and we shall have 4348 x 30 = 13044, 
Then 30°13044 : 30 :: 28420 = 2829697. 

The second, the one I always adopt, as being more expedi- 
tious, is by multiplying the sum corresponding with the temper- 
ature by the observed height of mercury, and then taking it from 
the observed height, viz. 4548 x 28:42 = 1:2357 — 28-420 = 
28:29643, differing a mere nothing from the first method.* 

It appears from the Ann. de Chim. et Phys. that the meteos 
rological table published monthly in them has the proper correc- 

* The correction obtained by this method must be added to on subtracted from the 
observed heights, according as the temperature is below or above the standard tempera- 
ture, or 32° of Fahr, 
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tion made, and that it is marked at nine in the morning, at noon, 
at three in the afternoon, and at nine at night. cat 

- From the monthly mean of these heights, it appears that the 
barometer is highest at nine in the morning, next highest at 
nine in the evening, lower at noon, and lowest of all at three 
in the afternoon. The proper hours, therefore, for taking the 
heights of the barometer is nine in the morning, and at three in 
the afternoon. . 

The elevation of the barometer above the level of the sea 
ought also to be noted when known ; and if a correction is made 
for it in the results given, it should also be remarked, as some 
meteorologists allow for it, while others are guilty of the 
omission. I am, dear Sir, your humble servant, 

M. P. Morte. 

ArTICLE XI. 

Some Particulars regarding the Ashmolean Catalogue of Extra- 
neous Fossils, published in Latin by Mr. Edward Luid (or 

. Llwyd); and recommending a Translation of the same to be 
made and printed. By Mr. John Farey. 

(To the Editor of the Annals of Philosophy.) 

SIR, Howland-street, March 29, 1823. 

- In pursuance of a design which I formed some years ago, of 
collecting as many as possible of the published Jocalities of fossil 
shells, and of other organis remains, in some instances, | lately 
made an alphabetical arrangement of the 294 places, to which 
Mr. Edward Luid (or Llwyd) seems to me to reter, in the second 
edition of his descriptive Catalogue of the Ashmolean Museum at 
Oxford, printed in 1760. This book I borrowed of my friends 
Messrs. Sowerby, having, after many years inquiry, never 
been able to meet with a copy of it on sale, from whence I 
conclude that it is out of print, and become very scarce and 
dear ; which circumstances induce me to request you to give 
insertion in the Annals to a few particulars regarding Mr. Luid’s 
work, with the hope that the same may excite the attention of 
the collectors of fossil shells, &c. and prove of some use to them, 
and may lead to the publishing of an English edition of this 
work, by some gentleman connected with the University ; 
wherein [ hope, that the copper plates to Mr. L.’s book are pre- 
served, and might serve for a cheap English edition. 

The specimens of organic remains, &c. mentioned, and briefly 
described, by Mr. Luid, including some sparry substances at the 
beginning, seem about 1800 in number; 1766 of which speci- 
mens are distinguished by a series of numbers, and some others 

» r 
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are interpolated, and marked a, b, c, &c. in addition to: the 
number. 

The local index which I have made shows, that 30 places, 
which I shall mention presently, furnished more than one-half 
of the whole collection, or 1065 of the specimens enumerated ; 
consisting of 477 fossil shells, and 588 other bodies, mostly 
organized ; the produce, apparently, of twelve of the assemblages 
of strata, ascertained by Mr. William Smith, and enumerated in 
his Geological Table, from the London clay downwards to the lias. 
‘ It hence appears, that 25 of the places, among the most pro- 
ductive of Ashmolean specimens, furnished none to the Smithean 
collection, of about 1155 specimens of shells, &c. which Mr.S. 
in June, 1816, deposited in the British Museum,* whose loca- 
lities, he has’ partly mentioned in two quarto works, “ Strata 
Identified,” anda “ Stratigraphical System ” (but which works, 
unfortunately, remain unfinished) ; and which localities, as far as 
they have been published, are enumerated in alphabetical order, 
in the * Philosophical Magazine,” vol. 50, p. 271. 
- For the purpose of ascertaining the strata of the following 
places, I have consulted Mr. Smith’s separate ‘ Geological 
County Maps,” except as to Lincoln and Northampton counties, 
which are.not yet published, and as to which, I have consulted 
his original “‘ Geological Map of England,” published in Septem- 
ber, 1815; which last was accompanied by an_ interesting 
“ Memoir,” which has, I think, been strangely overlooked, by 
almost every subsequent writer. 

- 1. From the London clay, on the N shore of Sheppy Island, 
near Minster, in Kent, 5 shells and, in all, 25 specimens, are 
described by Mr. Luid. 
~. 2. From the Portland rock, at Briil, 10 miles W of Aylesbury, 
Bucks, 11 shells and 2 other specimens. 

3. From the Coral rag and pisolite, at 6 places ; which, begin- 
ning south-westward in the range of these strata are as follows, 
viz. Farinedon, 13 miles W of Abingdon, Berks, 29 shells and 
89 others ; these 118 specimens being the greatest number from 
any one place ; Garford (or Garvord) 4 miles W by 8 of Abing- 
don, Berks, 9 shells and 26 others; Marcham, 21 miles W b 
Sof Abingdon, Berks, 40 shells and 54 others ; Bessel’s-Leig 
(or Basie’s L.) 3 miles NW of Abingdon, Berks, 16 shells and 
10 others; Chawley, 41 miles N by W of Abingdon, Berks, 
5 shells and 13 others; and Stanton (St. John’s) 3 miles NE of 
Oxford, 5 shells and 11 other specimens. 

4. From the Woburn sand, at 3 places, viz. Cumnez, 44 miles 
N by W of Abingdon, Berks, 6 shells and 10 others; Bullington, 
14 mile SE of Oxford, 28 shells and 28 others; and Staiiord 
Grove, 24 miles ENE of Oxford, 2 shells and 11 other specimens. 

* See vol, xi. p. 364 of the First Series of the Annals, also the Phil, Mag. vol. li. 
p- 180. The places common to both collections are, Kelloways B.; Marsham; Sheppy 
I.; Stonesfield; and Towcester. ~ 
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5. From the Clunch clay, at 2 places, viz, Oxford city, Sunk 
Fences or Walks, &c. 19 shells and 7 others; and Cowley, 4 
mile SSE of Oxford, 41 shells and 27 other specimens. 

6. From Kelloway’s stone, at Kelloway’s Bridge (or Calloway 
B.), 2 miles NE of Chippenham, Wilts, 13 shells. 

“, From the Cornbrash, at 5 places, viz. Witney, 4 miles NNE 

of Bampton, Oxfordshire, 46 shells and 65 others; Kidlington, 

23 miles SE of Woodstock, Oxfordshire, 21 shells and 13 others ; 

Islip, 4 miles SE of Woodstock, Oxfordshire, 13 shells and 13 
others; Charlton, 3 miles S of Bicester, Oxfordshire, 5 shells 
and 24 others; and Raunds (or Rance), 34 miles § of Thrap- 
ston, Northamptonshire, 10 shelis and 10 other specimens. 

8. From the Forest Marble at Stonesfield (or Stunsfield), 24 

miles W of Woodstock, Oxfordshire, 6 shells and 51 other spe- 

cimens. 
9, From the Upper Oolite, at 3 places, viz. Towcester (or 

Tocester), 8 miles SSW of Northampton, 9 shells and 6 others ; 

Wellingborough, 61 miles S of Kettering, Northampton, 7 shells 

and 6 others; and Desborough, 41 miles NW of Kettering, Nor- 
thamptonshire, 8 shells and 16 other specimens. 

10. From the Fuller’s-earth, at Marston Trussel (or Merston 
T.), 114 miles WNW of Kettering, Northamptonshire, 13 shells 
and 11 other specimens. 

11. From the Under Oolite, at 4 places, viz. Birlip Hill, 5 miles 
ESE of Gloucester, 9 shells and 4 others; Barrington (Great ?) 
5 miles E of Northleach, Gloucestershire, 22 shells and 12 others ; 
Upton, 3 mile W of Burford, Oxfordshire, 7 shells and 9 others ; 

and Byfield, 61 miles SW of Daventry, Northamptonshire, 21 

shells and 3 other specimens. 
12.- From the Lias, at 2 places, viz. Parton Passage (or Pyr- 

ton P. on the W shore of Severn River), 4 miles SSW of Newn- 
ham, Gloucestershire, 23 shells and 28 others ; and Whitton (on 
S shore of Humber River), 10 miles W of Barton, Lincolnshire, 
28 shells and 11] other specimens are described, and part of them 
figured; by Mr. Luid; 56 of which latter are shells. 

Five out of the above 30 places, the least production of shells, 
&c. have furnished Mr. L. with 13 specimens each; all the other 
264 places mentioned in his work, gave less numbers than 12 
specimens each to the Ashmolean collection, except, perhaps, 
some of those unnamed places, included under the respective 
county names. 

In a new edition of Luid, I beg to suggest that the several 
specimens figured, should be pointed out by a reference to the 
number of the plate or /able. The want of these references, and 
the apparently random placing of the figures in the plates, are at 
present very perplexing ; and, lastly, I request, that an index to 
the several ocalities may accompany such edition, towards the 
preparing of which, I would gladly lend assistance; and am, 

- Yours, &e. Joan Farey, 

* 
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ArticLe XII. 

A Description of the Crystalline Form of some new Minerals. 
By H.J. Brooke, Esq. FRS. FLS. &c. . 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, April 19, 1822. 
Havine lately been engaged in an examination of the crys- 

talline forms of minerals, and in a few instances of their chemical 
characters, preparatory to a list 1 have proposed to add to an 
elementary introduction to crystallography, [ have obsetved a 
few new results, which form the substance of the following brief 
notices : 

Arfwedsonite—The benefits which mineralogy has derived 
from the labours of Mr. Arfwedson have induced me to associate 
his name with this mineral, which is from Greenland, and is 
black and foliated, and has been hitherto called ferriferous 
hornblende. It differs, however, from hornblende in its angles, 
its specific gravity, and its hardness. 

I am not aware of its occurrence in determinable crystalline 
forms. It has cleavages parallel to the lateral planes, and to 
both the diagonals of a rhombic prism of 123° 55’, but: there is 
no transverse cleavage to determine whether this prism is right 
or oblique. 

Its colour is black without a shade of green. Its cleav- 
age planes, and its cross fracture, have a greater lustre than 
those of amphibole, and it is scratched by amphibole. 

Specific gravity 3°44. 
_ It sometimes accompanies the sodalite from Greenland. 
Cleavelandite.—The albite, and the siliceous spar of Haussman, 

which accompanies the green and red tourmaline from Chester- 
field, in Massachusetts, are varieties of the same mineral. Two 
different names having been given to this substance, it becomes 
necessary either to adopt one of these to the exclusion of the 
other, or to assign a new one to the species. 

As the albite is generally blue, and sometimes red,* its name 
is consequently bad, and siliceous spar might be applied with 
equal propriety to other substances ; I have, therefore, preferred 
adopting the term Cleavelandite to denote the species, out of 
respect to the Professor of Natural Philosophy in Bowdoin 
College, United States. 

This species has cleavages in three directions, parallel to the 
planes of a doubly oblique prism. 

" The specimen which first enabled me to determine the form iy bright blue. It 
came from Labrador, and was given me by the Rey. C. 1, Latrobe. M. Nordenskiold 
has fayoured me with a specimen which is red. 
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Zoizite is crystallographically, as well as che- 
mically, a distinct species of mineral. It has . 
been classed by the Abbé Hatiy under epidote, 
a mistake into which he has probably fallen from observing 
crystals of epidote apparently forming part of the mass of the 
specimens of zoizite from Carinthia. 

Some specimens of it have been sent to this country from the 
Tyrol under the name of spodumene, and resembling that mineral 
in colour, and it probably accompanies the true spodumene from 
that locality. 

A mineral called zoizite from the Oural Mountains, which has 
been examined chemically by Mr. Children, and found to agree 
in its characters with zoizite, has afforded the most accurate 
measurements of the prism. And Mr. Heuland has kindly sup- 
plied me with other specimens of this mineral, by means of 
which I have been enabled to ascertain that the angles of the 
prism are the same in specimens from all the different localities 
in which the mineral occurs. ; 

Its form is a,rhombic prism, probably oblique from an obtuse 
edge, the lateral planes measuring 116° 30’, with a bright cleav- 
age plane parallel to the short diagonal-of the prism. 

Arseniferous Phosphate of Lead.—This substance occurs at 
Iohangeorgenstadt in yellow hexagonal prisms, the terminal 
edges of which are replaced by single planes. 

it presents crystalline faces after fusion by the blowpipe, as 
phosphate of lead does, and it exhales an abundance of arsenical 
fumes when fused on charcoal. It appears, therefore, to contain 
both arsenic and phosphoric acids, but I cannot find any analy- 
sis of it published. 

I have taken this notice of it for the purpose of observing that 
the same species is found also at Beeralston in ‘small yellow 
hexagonal prisms, and has been called arseniate of lead; from 
which, however, it may be readily distinguished by its crystalline 
character after fusion. 

Carbonate of Magnesia and Iron—On measuring the angles 
of different specimens of the substances which have been called 
bitter spar, or magnesian carbonate of lime, I have found one 
variety differing in its angle from all the others. This is the 
ellow variety from the Tyrol, which occurs in single crystals 

imbedded in talc or chlorite. 
Its form is an obtuse rhomboid, measuring 107° 30’, the. 

corresponding angle of the true bitter spar being 106° 15’. 
On observing this difference in the angle, I dissolved a portion 

of the yellow crystals in dilute sulphuric acid, and obtained from 
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the solution crystals of sulphate of magnesia, tasting, however, 
el strongly of iron. 
. There was no residuum except a small quantity of the tale 
which penetrated the fragment I examined,* and the solution 
gave no trace of lime; the mineralappears, therefore, to be a 
carbonate of magnesia and iron. 

Ten grains kept for some time at a red heat lost 4-82, and the 
colour became a snufi-brown. ; 

Ten grains dissolved in dilute muriatic acid left a small inso- 
luble residuum, apparently of the talc in which the mineral is 
imbedded. A few drops of nitric acid being added to peroxidate 
the iron, a precipitate was obtained by succinate of ammonia, 
which, when washed, and heated to redness, to destroy the suc- 
cinic acid, weighed | gr. 

From this experiment, the mineral might consist of 1:-atom of 
carbonate of iron, and 9 atoms of carbonate of magnesia. — - 

For if to the apparent loss by heating ....... -». 4820 
we add the increase occasioned by the peroxidation of 
the iron, we shall have the true weight of the matter driven 
off, 

1 gr. peroxide of iron, equivalent to *815 protoxide, 
GIBETERGE Ly Wie oe ade bac cue ope tees awelad O85 

5:005 
0-815 protox. of iron requires of carbonicacid for saturation 0-500 
0-500 carbonic acid ‘ ae ae : 6 i Sea 
EA If this be carbonic acid .......... 4°505 
1:315 carb. iron it would require of magnesia for its 
8605 carb. mag. SALOTatl OPS ccn'sa.osteegume cade on, SOO 

9-920 Giving carbonate of magnesia. .... 8°605 

If we consider 7-25 as the equivalent for carbonate of iron, and 
5°25 as that of carbonate of magnesia, we should have 

7°25 ::5°25 ::1:315 : 0°95 nearly 
And 0°95 : 8-605 :: 1 : 9 nearly. 

But a more accurate analysis might possibly vary these propor- 
tions. 

Latrobite.—It is to the Rev. C. I. Latrobe that I am indebted 
for specimens of the mineral to which I have given this designa- 
tion. And mineralogy is also indebted to him for the researches 
he has himself made, and caused to be made by others, in remote 
districts seldom visited by Europeans. a ‘ 

The mineral in question came from Amitok Island ‘near the 
coast of Labrador; it is accompanied by mica and carbonate of 

* The true bitter spar leaves a pulpy residuum of sulphate of lime when dissolyed in 
dilute sulphuric acid, 
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lime, and. imbedded in a greyish-coloured substance which I 
suppose to be also new to mineralogy. 
- The colour of latrobite approaches to pink like some of the 
deep coloured varieties of lepidolite. sf 

. Its speeific gravity is about 2°8. 
It scratches glass, and is scratched by felspar. 

. It has cleavages in three directions, parallel to the lateral and 
terminal planes of a doubly oblique prism, P on M, 98° 30’; 
P on T,.91°; Mon T, 93° 30’. (See the figure already given.) 
The plane parallel to P is very dull, and the measurement 
obtained from it not to be confidently relied on; those parallel 
to M and T afford good reflections, but one of these is brighter 
than the other. 

I send herewith specimens of the arfwedsonite and latrobite, 
which you will, perhaps, take the trouble to analyze at your 
leisure; and I remain, yours truly, | 
( H. J. Brooke. 

ARTICLE XII. 

Onthe Discovery of Acids in Mineral Substances. 
! By James Smithson, Esq. FRS. 

(To the Editor of the Annals of Philosophy.) 

; SIR, April 12, 1828. 

' Aerps, it is well known, have been repeatedly overlooked in 
mineral substances, and hence dubiousness still hovers over the 
constitution of many, although they have formed the subjects of 
analysis to. some of the greatest modern chemists. 

To be able to dissipate all doubts—to ascertain with certainty 
whether an acid does or does not exist, and, if one is present, 
its species, and this with such facility that the trial may be inde- 
finitely renewed at pleasure, and made by all, so that none need 
believe but on the testimouy of his own experiments, is the 
degree of analytical power which it would be desirable to 
possess. 

. So far as I have gone in these respects, I here impart. 
. As the carbonates of soda and of potash precipitate all the 
solutions of earths and metals in acids, so do they decompose 
all their salts by fusion with them. Fusion with carbonate of 
soda or potash affords there a general method of separating 
acids from all other matters. 

Lead forms an insoluble compound with all the mineral acids 
except the nitric. It may consequently be immediately known 
whether a mineral does or does not contain an acid element by 
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the carbonate of soda or potash, with which it has been fused 
atter saturation by acetous acid, forming or not forming a preci- 
pitate with a solution of lead. 

If the production of a precipitate proves the presence of an 
acid, the determination of its species will present no great diffi- 
culty. 
> Sulphuric Acid.—If the alkali which has received it from 

the mineral is fused on charcoal, and then laid in a drop of 
water placed on silver, a spot of sulphuret of silver will be pro- 
duced, as I have stated on a former occasion.* Bright copper 
will likewise serve for this purpose. 

Fusion in the blue flame will often be sufficient to deoxidate 
the sulphur. 

It is needless to observe that the alkali used in this trial must 
itself be perfectly free from sulphuric acid. When such is not 
possessed, its place may be supplied by Rochellesalt, or by cream 
of tartar. 

2. Muriatic Acid.—I have likewise discovered a test of chlo- 
rine, and consequently of muriatic acid, of delicacy equal to the 
foregoing. If any matter containing chlorine or muriatic acid is 
laid on silver in a drop of solution of yeliow sulphate of iron, or 
of common sulphate of copper, a spot of a black chloride of 
silver, whose colour is independent of light, and which has not 
been attended to by chemists, is produced. The chlorine ina 
tear, in saliva, even in milk, may be thus made evident. When 
the quantity of chlorine in a liquor is very small, a bit of sulphate 
of copper placed in it on the silver is preferable to a solution. 
To find chlorine in milk, I put some sulphate of copper to it, 
and placed a small piece of bright silver in the mixture. 

3. Phosphoric Acid —The alkali containing it, after satura- 
tion by acetous acid, gives a sulphur-yellow precipitate with 
nitrate of silver, which no other acid does. The precipitate 
obtained with lead crystallizes on the blowpipe. M. Berzelius’s 
elegant method of detecting phosphoric acid is universally 
known. 

4, Boracic Acid.—Its presence in carbonate of magnesia, and 
in some other of its compounds, is indicated by-the green colour 
they give, during their fusion, to the flame of the lamp. 

M. Gay-Lussac has observed that a solution of boracic acid in 
an acid changes the colour of turmeric paper to red, like an 
alkali.} Borax, to which sulphuric acid has been put, does so, 
and the same is of course the case with a bead of soda containing 
boracic acid. 

The most certain test of boracic acid in a soda bead, &c. is to 
add sulphuric acid to it and then spirit of wine, whose flame is 
coloured-green, if boracic acid is present. 

* Annals of Philosophy for July, 1820. 1 
+ Annales de Chimie et de Physique, tome xvi. p. 75. 

New Series, you. v, 2c 
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5. Arsenical Acid.—Alkali containing it produces a brick-re 

precipitate with nitrate of silver.* aes 
6. Chromic Acid.—Chromate of soda and its solution are 

yellow, and so is the precipitate with lead. That with silver is 
red, 

Chromate of soda or potash fused on a plate of clay leaves 
green oxide of chromium. 

Chromate of lead fused on a plate of clay produces a very 
dark-green mass, which is probably chromate of lead ; with an 
addition of lead, it forms a fine red, or orange glass. 

Lead added to the green oxide left by chromate of soda on 
the clay plate, dissolves it, and forms an orange-coloured glass. 

The green oxide of chromium sometimes acts the part of an 
acid. Ihave seen a combination of it with oxide of lead found 
in Siberia, in regular hexagonal prisms, having the six edges of 
the terminal face truncated (Haity, pl. Ixvin. fig. 63); melted with 
lead on the clay plate this would undoubtedly produce the 
orange glass; and fused with nitrate of potash it would form 
chromate of potash. 

7. Molybdie Acid.—If molybdate of soda or potash, or, I 
apprehend, any other molybdate, is heated in a drop of sulphuric 
acid, the mixture becomes of a most beautiful blue colour, either 
immediately, or on cooling. 

The solution of molybdate of soda in sulphuric acid affords 
with martial prussiate of potash, a precipitate of the same colour 
that copper does. Tincture of galls gives with this acid solution 
a green precipitate; but with an alkaline solution of molybdic 
acid galls produce a fine orange precipitate. If an alkali 1s put 
to the green precipitate, it becomes orange; and if an acid to 
the orange precipitate, it becomes green. 

8. Tungstic Acid.—If tungstate of soda is heated with sul-— 
huric acid, the granules of precipitated tungstic acid become 
Fie, but not the solution ; and the phenomena cannot be con- 
founded with those presented by molybdate of soda. Martial 
prussiate of potash has no effect on this acid liquor. 

Tincture of galls put to the solution of tungstate of soda in 
water does not affect it. On the addition of an acid to this 
mixture, a brown precipitate forms. 

If tungstate of soda is heated to dryness with a drop of muriatic 
acid, a yellow mass is left. On extracting the saline matter by 
water, yellow acid of tungsten remains. It is readily soluble in 
carbonate of soda. If taken wet on the blade of a knife, it soon 
becomes blue, This is made very evident by wiping the blade of 
the knife with a bit of white paper. Possibly a small remainder 
of muriatic or sulphuric acid among it is required for this effect. 

9. Nitric Acid.—Nitrate of ammonia produces no deflagration 
when filtering paper, wetted with a solution of it and dried, is 

* Annals of Philosophy, N.&. vol. iy. p. 127. 
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burned; the salt volatilizing before ignition, most, or all, the 
other nitrates deflagrate. 

If metallic copper is put into the solution of a nitrate, sulphu- 
ric acid added, and heat applied, the copper dissolves with effer- 
vescence. 

10. Carbonic Acid—It is to be discovered in the mineral 
itself. The application of heat is, in some cases, required to 
render the effervescence sensible. It has been sometimes over- 
looked in bodies from want of attention to this circumstance. 

11. Silica —A simple and sufficient test of it is the formation 
of a jelly, when its combination with soda is put into an acid. 

It has evidently not been intended to enumerate all the means 
by which the presence of each acid in the soda bead could be 
perceived or established. Little has been said beyond what 
appeared required and sufficient. 

Mention has been made above of small plates of clay. 
They are formed by extending a white refractory clay by 

blows with the hammer, between the fold of a piece of paper, 
like gold between skins. The clay and paper, and then cut 
together with scissars into pieces about 4-10ths of an inch long, 
and 21-10ths of an inch wide, and hardened in the fire in a 
tobacco-pipe. 
__ They are very useful additions to the blowpipe apparatus. 
They admit the use of a new test, oxide of lead. ‘They show to 
great advantage the colours of matters melted with borax, &c. 
(Quantities of matter too minute to be tried on the coal, or on the 
platina foil, or wire, may be examined on them alone, or with 
fluxes. Copper may be instantly found in gold or silver by fusing 
the slightest scrapings of them with a little lead, &c. &c. 

- Cut into very small, very acute triangles, clay affords a sub- 
stitute for Saussure’s sappare. 

ARTICLE XIV. 

ANALYSES OF Books. 

Narrative of a Journey to the Shores of the Polar Sea, in the 
Years 1819, 1820, 1821, and 1822. By John Franklin, Capt. 
RN. FRS. and Commander of the Expedition. With an 
Appendix on various Subjects relating to Science and Natural 
History. Illustrated by numerous Plates and Maps. Pub- 
lished by Authority of the Right Honourable the Earl Bathurst. 

Tne late period of the month at which this most interesting 
work has been submitted to our attention, in conjunction with 

2c2 
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other circumstances, compels us to postpone, for the present, 
the regular analysis of it which we purpose to give ; and to con- 
tent ourselves with extracting from the copious Appendix, the 
following observations on the Aurora Borealis, to which subject 
Capt. Franklin’s attention was expressly directed in his Instruc- 
tions. 

Aurora Borealis. 

“ General Remarks.—So few observations of the Aurora 
Borealis in high northern latitudes have been recorded, that [ 
trust a minute account of the various appearances it exhibits, 
will not be thought superfluous or uninteresting. The remarks 
of the late Lieut. Hood are copied verbatim from his journal, 
They speak sufficiently for themselves, to render any eulogium 
of mine unnecessary. To this excellent and lamented young 
officer, the merit is due of having been, I believe, the first who 
ascertained by his observations at Basquiau-Hill (combined with 
those of Dr. Richardson at Cumberland House), that the altitude 
of the Aurora upon these occasions was far inferior to that 
which had been assigned to it by any former observer. He also, 
Py a skilful adaptation of a vernier to the graduated circle of a 
Kater’s compass, enabled himself to read off small deviations of 
the needle, and was the first who satisfactorily proved, by his 
observations at Cumberland House, the important fact of the 
action of the Aurora upon the compass-needle. By his inge- 
nious electrometer invented at Fort Enterprise, he seems also 
to have proved the Aurora to be an electrical phenomenon, or at 
least that it induces a certain unusual state of electricity in the 
atmosphere.” ‘ 

“« The observations of Dr. Richardson, independent of their 
merit in other respects, point peculiarly to the Aurora being 
formed at no great elevation, and that it 1s dependent upon cer- 
tain other atmospheric phenomena, such as the formation of one 
or other of the various modifications of cirro-stratus.” 

““ With respect to my own observations, they were principally 
directed to the effects of the Aurora upon the magnetic needle, 
and the connexion of the amount, &c. of this feet, with the 
position and appearance of the Aurora. I have been anxious to 
confine myself to a mere detail of facts, without venturing upon 
any theory. My notes upon the appearances of the Aurora 
coincide with those of Dr. Richardson, in proving, that that 
phenomenon is frequently seated within the region of the clouds, 
and that it is dependent, in some degree, upon the cloudy state 
of the atmosphere.” 

““The manner in which the needle was affected by the Aurora 
will need some description. The motion communicated to it 
was neither sudden nor vibratory. Sometimes it was simulta- 
neous with the formation of arches, prolongation of beams, or 
certain other changes of form, or of activity of the Aurora ; but 
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generally the effect of these phenomena upon the needle was not 
visible immediately, but in about half an hour or an hour, the 
needle had attained its maximum of deviation. From this, its 
return to its former position was very gradual, seldom regaining 
it before the following morning, and frequently not until the 
afternoon, unless it was expedited by another arch of the Aurora 
operating in a direction different from the former one.” 

“ The bearings of the terminations of the arches are to be 
taken with considerable allowance. They were estimated bv 
the position of the Aurora, with respect to the sides of the 
house, the angles of which had been previously determined. The 
bearings given in the whole of my observations refer to the mag- 
netic meridian, and are reckoned from the magnetic north, 
towards the east rcund the whole circle, which, it is conceived, 
will afford a means of more readily computing the horizontal 
extent of the arches.” 

“ It is to be noticed, that the bearings given by Dr. Richard- 
son and Lieut. Hood are true, and not magnetic.” 

“ On the Aurora Borealis, Cumberland House. Extracted 
from the Journal of Lieut. Robert Hood, RN.—The most mate- 
rial information we had obtained at this period regarded the 
height of the Aurora from the earth. The following is the 
result of the observations that were made at the Basquiau Hill, 
and at the same time by Dr. Richardson at Cumberland House. 
The instruments used for the purpose were two small wooden 
quadrants, revolving on pivots, and furnished with plummets. 
Our chronometers were previously regulated, though great accu- 
racy was not necessary in this particular, as the arches of the 
Aurora are sometimes stationary for many minutes. On the 2d 
of April, the altitude of a brilliant beam was 10° 0’ 0”, at 
10" 1™ 0s, p.m. at Cumberland House. Fifty-five miles SSW 
it was not visible. As the trees at the latter station rose about 
5° above the horizon, it may be estimated that the beam was 
not more than seven miles from the earth, and twenty-seven 
from Cumberland House. On the 6th of April, the Aurora was, 
for some hours, in the zenith at that place, forming a confused 
mass of flashes and beams; and in lat. 53° 22’ 48” N, long. 
103° 7’ 17” W, it appeared in the form of an arch, stationary 
about 9° high, and bearing N by E. It was, therefore, seven 
miles from the earth. On the 7th of April, the Aurora was again 
in the zenith before 10, p.m. at Cumberland House, and in lat. 
53° 36’ 40” N, and long. 102° 31’ 41”; the altitude of the 
highest of two concentric arches at 9" p. m. was 9°; at 9" 30", 
it was 11° 30’; and at 10"* 0™ 0°, p.m. 15° 0’ 0”, its centre 
always bearing N by E. During this time, it was between six 
and seven miles from the earth. After 10"’, p.m. it covered the 
sky at Cumberland House, and passed the zenith at the other 
lace.” 
ar These observations are opposed to the general opinion of 
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meteorologists ; they are nevertheless facts, We have sometimes 
seen an attenuated Aurora flashing across 100° of the sky in a 
single second; a quickness of motion inconsistent with the 
height of sixty or seventy miles, the least of which has hitherto 
been ascribed to it. This kind of Aurora is not brighter than 
the milky way, and resembles sheet-lightning in its motions.” 

“ For the sake of perspicuity, I shall describe the several parts 
of the Aurora, which I term beams, flashes, and arches. The 
beams are little conical pencils of light, ranged in parallel lines, 
with their pointed extremities towards the earth, generally in 
the direction of the dipping needle. The flashes seem to be 
scattered beams approaching nearer to the earth, because they 
are similarly shaped, and infinitely larger. I have called them 
flashes, because their appearance is sudden, and seldom conti- 
nues long. When the Aurora first becomes visible, it is formed 
like a rainbow, the light of which is faint, and the motion of the 
beams undistinguishable. It is then in the horizon, As it 
approaches the zenith, it resolves itself at intervals, into beams, 
which, by a quick undulating motion, project themselves into 
wreaths, afterwards fading away, and again brightening, without 
any visible expansion or concentration of matter. Numerous 
flashes attend in different parts of the sky. That this mass, 
from its short distance above the earth, would appear like an 
arch to a person situated at the horizon, may be demonstrated 
by the rules of perspective, supposing its parts to be nearly equi- 
distant from the earth, An undeniable proof of it, however, 
is afforded by the observations of the 6th and 7th of April, when 
the Aurora which filled the sky at Cumberland House, from the 
northern horizon to the zenith, with wreaths and flashes, assumed 
the shape of arches at some distance to the southward.” 

“ But the Aurora does not always make its first appearance 
as anarch. It sometimes rises from a confused mass of light in 
the east or west, and crosses the sky towards the opposite point, 
exhibiting wreaths of beams, or corone boreales in its way, An 
arch, also, which is pale and uniform at the horizon, passes the 
zenith without displaying any irregularity or additional brilliancy ; 
and we have seen three arches together, very near the nortuern 
horizon, one of which exhibited beams and even colours, but the 
other two were faint and uniform.” 
“On the 7th of April, an arch was visible to the southward, 

exactly similar to that in the north, and it disappeared in fifteen 
minutes. It had probably passed the zenith before sunset. The 
motion of the whole body of Aurora is from the northward to 
the southward, at angles not more than 20° from the magnetic 
meridian.. The centres of the arches were as often in the mag- 
netic as in the true meridian.” _ ) 

“ The colours do not seem to depend on the presence of any 
luminary, but to be generated by the motion of the beams, and 
then only when that motion is rapid, and the light brilliant. 

| 

| 
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The lower extremities quiver with a fiery red colour, and the 

- upper with orange. We once saw violet in the former. The 
number of Aurore visible in September was two ; in October, 
three ; in November, three; in December, five; in January, 
five; in February, seven; in March, sixteen; in April, fifteen ; 
and in May, eleven. Calm and clear weather was the most 
favourable for observation ; but it is discernible in cloudy wea- 
ther, and through mists. We could not perceive that it affected 
the weather. The magnetic needle, in the open air, was disturbed 
by the Aurora, whenever it approached the zenith, Its motion 
was not vibratory, as observed by Mr, Dalton; and this was, 
perhaps, owing to the weight of the card attached to it. . It 
moved slowly to the E or W of the magnetic meridian, and 
seldom recovered its original direction in less than eight or nine 
hours. The greatest extent of its aberration was 45’.” 

“ A delicate electrometer, suspended at the height of fifty feet 
from the ground, was never perceptibly affected by the Aurora, 
nor could we distinguish its rustling noise, .of which, however, 
such strong testimony has been given to us, that no doubt can 
remain of the fact. The conclusions to be drawn from the 
above will be found in the observations for the winter of 1820.” 

(To be continued.) 

ArtTicLE XV. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

*.* We endeavoured, last month, to give a full report of the 

important paper communicated by the President to the Royal 

Society, on the 5th of March; but writing only from memory, 

we have made two errors, one with respect to the rotation of the 

mercury not being stopped, but produced, by the approximation 

of the magnet; the other in the historical paragraph in the con- 

clusion, which, as we have stated it, is unjust to Mr. Faraday, 

and does not at all convey the sense of the author. We wish, 

therefore, to refer our readers forward to the original paper, when 

it shall be publish.ed, for the correction of these mistakes.— dit. 

March 20.—A+t this meeting the reading of the following 

paper, which haid been commenced on the 13th, was resumed 

and concluded. 
Of the Motions: of the Eye, in Ilustration of the Uses of the 

Muscles of the Orbit. By Charles Bell, Esq. (Communicated 

by. the President.) 
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In this. paper the author enters upon an examination of the 

motions of the eye, and the classification of the muscles accord- 
ing to their offices. This is done for the purpose of explaining 
the uses of the six nerves which enter into the orbit, and in pur- 
suance of his former papers on the nervous system. : 

_ His object in this paper is to show, in the first place, that 
there are motions performed by the eye not hitherto noticed. 
Every time the eyelids descend to cover the transparent part of 
the eye, the eyeball ascends, or suffers a revolving motion. If 
this were not the case, the surface of the eye would not be 
moistened, nor freed from offensive particles. He proves, in the 
next place, that when we fall asleep, the eyeball is turned up, 
and the cornea lodges secure and moistened by the tears, under 
cover of the upper eyelid. He shows that these motions are 
rapid and insensible, and that they are provided for the safe- 
guard of the eye. The other motions are voluntary, and for the 
purpose of directing the eye to objects. He then proceeds to 
the examination of the muscles of the eyeball, distinguishing 
them, as usual, into the straight and oblique muscles. It has 
been supposed, hitherto, that both these classes of muscles were 
voluntary ; some describing the oblique muscles as coadjutors of 
the recti, and others as opponents to the recti; but Mr. Bell 
maintains that the obliqui are provided for the insensible motions 
of the eyeball, and the recti for those motions which are directed 
by the will, and of which we are conscious. 

He proceeds to show, that the consciousness of the action of 
the recti muscles, gives us the conception of the place or relation 
of objects. He then proves by observation and experiment, that 
the actions of the straight muscles are inseparably connected 
with the activity ofthe retina; thatis, with the enjoyment of the 
sense of vision: but that the moment the vision Is unexercised, 
the eyeball is given up to the operation of the oblique muscles, 
and the pupil is consequently drawn up under the eyelid. 
Hence, the eyes are elevated in sleep, in faintness, and on the 
approach of death ; and that distortion which we compassionate 
as the expression of agony, is the consequence merely of 
approaching insensibility. 

Having examined the different motions of the eye and eyelids, 
and the muscles which are appropriated to them, the author pro- 
mises, in the second part of the paper, to explain on this founda- 
tion, the distinction in the uses of the nerves of the orbit. 

The Society then adjourned, in consequence of the approach- 
ing fast and festival, to meet again on 

April 10, when the following paper was read: An Account of 
an Apparatus on a peculiar Construction, for the Exhibition of 
Electromagnetic Experiments. By W. H. Pepys, Esq. FRS. 

This apparatus, constructed at the London Institution, under . 
the direction of the author, consists of two plates, the one of 
copper, and the other of zinc, each two feet wide, and 50 feet 
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long, giving a total surface of 200 square feet. These plates 
are wrapped or coiled round a common centre, and are prevented 
from contact with each other by the interposition of three cords 
of hair line, and also of notched slips of wood placed at intervals. 
Two conductors of copper wire, nearly three-fourths of an inch 
in diameter, are attached, one to the zinc, and the other to the 
copper plate. In order that so large a mass may be readily 
employed for experiment, the apparatus is suspended by means 
of pulleys and a counterpuise, and so let down into a tub of acid, 
or, when not in use, into one of water. It requires 55 gallons of 
fluid. 

This instrument exhibits very powerful magnetic effects: 
when the contact was made, a about in the direction of com- 
at needles was produced, at the distance of five feet; steel 
ars enclosed in cylinders of glass, with a spiral of wire round 

them, were rendered magnetic, and several were suspended 
together ; when the contact was broken, the bars fell, but one 
of them was immediately taken up again on restoring the contact, 
though it weighed above 270 grains. The electric intensity of 
the apparatus is very slight ; it has not any decomposing action, 
and will not make a spark with charcoal, nor will it deflagrate 
the metals. 

A paper was also read, On the Condensation of several Gases 
into Liquids. By M. Faraday, Chemical Assistant in the Royal 
Institution. (Communicated by the President.) 

In this paper, Mr. Faraday described the results obtained by 
the application of the mode of condensation by which he had 
succeeded in liquefying chlorine, and Sir H. Davy muriatic acid 
gas, to several other acriform bodies. 

A portion of sulphuric acid being heated with mercury at one 
end of a sealed glass tube, while the other was kept cool by 
moistened bibulous paper, the sulphurous acid gas, which was 
evolved, condensed into a liquid in the cool end: the same result 
was obtained by forcing the dry gas into an exhausted tube with 
a condensing syringe, until its pressure became equal to three 
or four atmospheres. When the sealed tube was broken, the 
liquid expanded into pure sulphurous acid gas. ‘The refractive 
power of /iquid sulphurous acid is nearly that of water; the pres- 
sure exerted by its vapour in the tube was determined, by means 
of a mercurial guage, to be equal to two atmospheres. Liquid 
sulphuretted hydrogen was produced in the following manner: 
The small and closed leg of a bent tube was filled with muriatic 
acid; a piece of platinum foil, crumpled up, was next intro- 
duced ; and then some fragments of sulphuret of iron; the pla- 
tinum foil being interposed in order to prevent the two substances 
from contact until the tube was sealed, which operation would 
otherwise have been rendered ineffectual by the pressure of the 
evolved gas. When this had been done, the acid was made to 
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flow upon the sulphuret, and, in space of 24, hours, protomuriate 
of iron, and liquid sulphuretted hydrogen, were formed. When 

the tube was broken, under water, a portion of the gas which 
arose was collected, and found to be pure sulphuretted hydrogen, 
with which, also, the water was found to be impregnated. Sul- 

_ phuric ether, when compared with this liquid, appeared adhesive 
and oily ; the pressure which its vapour exerts, in the tube, is 

equal to 13 atmospheres, at 32°F, Liquid carbonic acid was 
produced in a similar manner, by means of sulphuric acid and 
carbonate of ammonia; but the strongest tubes were required 
for its formation, and tubes which had contained it for several 

weeks, often exploded with great violence upon a slight change 
‘of temperature, It was necessary to use a glass mask, goglers, 

&c. in the whole of these experiments; and some of them were 

attended with much risk to the author. The refractive power 
of liquid carbonic acid is much less than that of water; the pres- 
sure exerted by its vapour is equal to 40 atmospheres at about 
‘45°, Euchlorine was liquefied, by its evolution, in a sealed tube, 

from chlorate of potash and sulphuric acid ; in this state, it is of 

a deep-yellow colour, and quite transparent. 
“ Some nitrate of ammonia, previously rendered as dry as pos- 
sible by being heated to partial decomposition, was heated in a 
closed tube ; and the results were, liquid nitrous oxide and water: 
the two fluids did not mix, or but ina slight degree. The refrac- 

tive power of liquid nitrous oxide is lower than that of any of these 
fluids, and lower, indeed, than that of any other known liquid. 

Its vapour exerts a pressure equal to 48 atmospheres at 50°. 
Liquid cyanogen was formed by heating cyanuret of mercury ; 
when the tube was broken, it became pure cyanogen gas. 

The liquefaction of ammoniacal gas was effected by heating a 
portion of chloride of silver which had absorbed a large quantity 
of it, according to a property of this and of other chlorides 
formerly ascertained by the author. In this experiment, a 
curious combination of effects took place; as the tube cooled, 
the chloride began to re-absorb the ammonia, by the solidification 
of which, heat was liberated; while, at the distance only of a 
few inches, at the opposite end of the tube, cold was produced 
by the consequent evaporation of the liquid. At 60°, the whole 
of the ammonia became re-absorbed. The refractive power of 
liquid ammonia exceeds that of any other liquid described in 
this paper, and is even greater than that of water. Liguid 
muriatic acid, when the substances from which it is. prepared are 
pure, is colourless, as Sir H. Davy had anticipated : its refrac- 
tive power is nearly that of liquid carbonic acid, 

All these liquids, with the exception of chlorine and euchlo- 
rine, are colourless; all are perfectly transparent, and highly 
fluid, and remain so at all temperatures to which they have been 
subjected ; none of them exhibiting the least tendency to adhe; 

. ere 
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siveness at 0°. Experiments had been made, witha view to the 

liquefaction of oxygen, hydrogen, phosphuretted hydrogen, fluo- 

silicic, and fluo-boracic gases, but these substances had hitherto 

resisted all powers of condensation that the author had been able 

to apply to them. With respect to the latter gas, this seemed 

to arise from its great affinity for sulphuric acid, as discovered by 

Dr. J. Davy, which is so great, that it even carries up that acid 

with it, in the form of vapour. Mr. Faraday intimated, however, 

that he should proceed with these experiments. 

GEOLOGICAL SOCIETY. 

April 4.—Two notices were read on a Recent Ligneous Petri- 
faction. By the Rev. J. J. Conybeare, MGS. : 

A notice was also read, respecting a Mass of Quartzose Fer- 
ruginous Sandstone, occurring in the Limestone near Bristol. 
By George Cumberland, Esq. Hon. MGS. 

April 18.—A letter was read, containing “ A Description of 
Two New Species of Encrinus found in the Mountain Lime- 
stone near Bristol.” By the same. 

A letter was also read, “ On the Geology of Pulo Nias, an 
Island on the Western Side of Sumatra.” By Dr.Jack. (Com- 
municated by H. T. Colebrooke, Esq. MGS.) 

A paper was read, “On the Geology and Geography of 
Sumatra, and some of the adjacent Islands.” By Dr. Jack. 

(Communicated by H. T. Colebrooke, Esq. MGS.) 

ASTRONOMICAL SOCIETY. 

April 11.—A letter was read from M. Pastorff to the late 
President, on a Photosphere observed at Buckholts, in Germany, 
round Venus, Jupiter, and Saturn. 

At the same meeting was read, an Extract of a Letter from 
M. Littrow, Director of the Imperial Observatory at Vienna, to 

the Foreign Secretary, relative to the Cause of certain Discre- 
pancies in Astronomical Observations ; on the Construction of 
Instruments, and on Correction for Refraction. 

ArtTicLE XVI. 

SCIENTIFIC INTELLIGUNCE, AND NOTICES OF SUBJECTS, 

CONNECTED WITH SCIENCE. - | 

I. Alkanet as a Test, 

Dr. Robert Hare, of Philadelphia, finds that the colour of alkanet 
may be used instead of litmus, producing the same phenomena, but in 

a reversed order; for the alkanet infusivun is, made blue by an alkali, 

and restored by an acid, instead of being, as in the case of litmus, red- 

dened by anacid, and restored by an alkali, Thus as the one is indi- 
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rectly a test for alkalies, so is the other for acids. When infusion of 
alkar.et is made blue for the latter purpose, the smallest quantity of 
alkali should be used that is adequate to the effect, in order to preserve 
the delicacy of the test.—(American Journal.) 

II. Analysis of the Mineral Waters of Carlsbad. By M. Berzelius. 
These waters deposit a calcareous tufa, of a striated crystalline tex- 

ture, which possesses all the characters of arragonite. Prof. Stro- 
meyer's discovery, that arragonite always contains strontian, induced 
M. Berzelius to search for that earth in this tufa, and in the waters by 
which it is deposited ; and he has succeeded in finding a small quantity 
ofit in both. The following is the general result of his analysis of the 
waters of the principal spring, called the Spruds/. 

In 1000 parts of the water, there are of 

Sulphate of soda. .....-..-.e-eeceeeee 2:58714: 
Carbonate, Of Gitte vase, Sa s(x 070s ons > 1:25200 
IMimAbe WEG TEED! a wc.2 a. eateries is ee 4.10, 0 bialere 1:04893 
Carbonate onal’... oo 55 o. oae eign nie ores 031219 
Fluate of ditto. ...... Ra ase RA acta ie we. 0°0038 
Phosphate of ditto. ........020eeeeeee 0:00019 
Carbonate of strontian ........ Here ee 0:00097 
.Carbonate of magnesia... ........+...++ 0'18221 
Phosphate of alumina. ...... ak a .- 000034 
Carbonate of iron ........ eee Ce 0:004.24: 
Dilica: ESiwhiies os. oaicbaclae asda’ hifassa hoes 007504 

546656 

With traces of carbonate of manganese—(Ann. de Chim, et de 
Phys, xxi. 246.) 

ll. Fothergillian Prize Medal to be given by the Medical Society of 
London, Bolt-court, Fleet-street. 

In conformity with the will of the late Dr. Anthony Fothergill, the 
_ Society resolve to give annually to the author of the best dissertation on 
a subject proposed by them, a gold medal, value 20 guineas, called the 
“ Fothergillian medal,’? for which the learned of all countries are 
invited as candidates. 

1. Each dissertation offered for this prize must be delivered to the 
Registrar in the Latin or English language, on or before the 31st day 
of December. 

2. With it must be delivered a sealed packet, with some motto or 
device on the outside ; and within, the author’s name and designation; 

and the same motto or device must be put on the dissertation, that 
the Society may know how to address the successful candidate. 

8. No paper in.the hand-writing of the author, or with his name 

affixed can be received; and if the author of any paper shall discover 
himself to the Committee of Papers, or to any member thereof, such 
paper will be excluded from all competition for the medal. 

4, The prize essay will be read before the Society, at the meeting 
preceding the Anniversary Meeting of the Society, in March, 1824, 

5. The prize medal will be presented to the successful candidate, or 
his substitute, at the Anniversary Meeting of the Society. 
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6. All the dissertations, the successful one excepted, will, if desired, 
be returned with the sealed packets unopened. 

One dissertation only on the subject ‘ Dropsy,” proposed by the 
Society for the Fothergillian medal, to have been adjudged in March, 
1823, having been presented, the Society thinking it probable that from 
the recent establishment of the prize, it had not been sufficiently, made 
known to the medical faculty, have deferred the adjudication of the 
prize for the best dissertation on the subject of “‘ Dropsy,” to another 
ear. 
The subject of the Essay for the gold prize of the ensuing year is 

“ Diseases of the Spine.” 

AnrTICcLE XVII. 

NEW SCIENTIFIC BOOKS. 

PREPARING FOR PUBLICATION, 

Mr. Goldsworthy Gurney is about to publish a Series of Lectures on 
the Elements of Chemical Science, lately delivered at the Surrey 
Institution. 

Mr. Oliver has in the press, Popular Observations on Muscular 
Contraction, with a Mode of Treatment of Diseases of Limbs associated 
therewith. 

In the press, a Translation of De Humboldt’s Geognostical Essay 
on the Superposition of Rocks. 

Dr. Antommarchi, formerly Professor of Anatomy in the University 
of Pisa, and Surgeon to the late Ex-Emperor at St. Helena, is publish- 
ing an Anatomical Work, to be comprised in 80 Plates, representing 
the whole Structure of the Human Body, except the Integuments, in 
Figures of the natural Size. An explanatory and descriptive Sketch 
will be added to every Plate in which the multiplicity of figures might 
otherwise create confusion. The Work is edited by M. le Comte de 
Lasteyrie. 

Mrs. Holderness is employed on a Work on New Russia, being some 
Account of the Colonization of that Country, and of the Manners and 
Customs of the Colonists. 

JUST PUBLISHED. 

A Journal of a Voyage to the Northern Whale Fishery, including 
Researches and Discoveries on the Eastern Coast of West Greenland, 

_ made in the Summer of 1822, in the Ship Baffin, of Liverpool. By W. 
Scoresby, Jun. FRSE. Commander. With 8 Plates. 8vo. 16s. 

Dendrologia Britannica, or Trees and Shrubs that will live in the 
open Air of Britain throughout the Year. By P. W. Watson. Royal 
8vo. Parts I.to IV. 4s. 6d. each. Each Number contains 8 coloured 
Engravings. 

Hortus Cantabrigiensis, or an Accented Catalogue of Plants, Indi- 
genous and Exotic, cultivated in the Cambridge Botanic Garden, By 
the late J. Donn, FLS. and FHS. Tenth Edition, with numerous 
Corrections and Additions, by John Lindley, FLS. &c. Svo. 105. 6d. 
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Elements of Experimental Chemistry. By William Henry, MD. 

FRS. &c. The Ninth Edition, greatly enlarged and recomposed 
throughout. Illustrated with 10 Plates by Lowry, and numerous 
Wood-cats. In2 Vols. 8vo. 10. 14s. 

Narrative of a Journey from the Shores of Hudson’s Bay to the 
Mouth of the Copper Mine River, and thence along the Coast of the 
Polar Sea, &c. By Capt. John Franklin, RN. Commander of the 
Expedition. With an Appendix containing Subjects of Natural His- 
tory, &c. by J. Richardson, MD. Surgeon to the Expedition, and 
others. Illustrated by 4 Maps, 8 Plates of Natural History, and 24 
Engravings by Finden, from Drawings by Lieuts. Back and Hood. 
Ato. 41. 4s. 

Among the rew productions at the present Leipzig Fair, is the first 
Volume of MM. Martin and Spix’s Travels in Brazil, during the Years 
1817, 1818, 1819, and 1820; with an Atlas, in imperial Folio, of 15 

Lithographic Plates of Portraits, Views, Geological and Botanical 

Charts, &c. This Volume contains their Travels though Rio Janeiro, 
St. Paul, Minas Geraes, Goyaz, Bahia, &c. 

Also:—Animalia Nova que in Itinere jussu etauspiciis Max. Jos. Bav. 
Regis per Brazilium suscepto observavit, et depingi curavit Dr. Joannes 
de Spix. 39 Plates. 

Planta Novee que in Itinere jussu et auspiciis Max. Jos. Bav. Regis 
suscepto observavit, et depingi curavit, Dr. Carolus de Martin, 100 
Plates. ' 

The Naturalist’s Repository, or Monthly Miscellany of Exotic 
Natural History, consisting of elegantly coloured Plates, with appro- 
priate scientific and general Descriptions of the most curious, scarce, 
and beautiful Productions of Nature that have been recently discovered 
in various Parts of the World. By E. Donovan, FLS. &c. 

ArticLe XVIII. 

NEW PATENTS. 

J. Taylor, of Raven-row, Mile End, Middlesex, master mariner, for 
a new method of constructing the bottoms of merchant-ships, and 
placing the pumps so as to prevent damage to the cargoes by the bilge- 
water.—Jan. 16. 

J. Smith, of Old Broad-street, merchant, for certain improvements 
on a machine for washing, cleansing, and whitening cotton, linen, silk, 
and woollen garments, or piece goods.—Jan. 20. 

W. Glossage, of Leamington Priors, Warwickshire, chemist and 
druggist, for a portable alarum, to be attached to, and detached from, 
clocks and watches, and which may be regulated to take effect at any 
given period of time.—Feb. 11. 

N. Partridge, of Bowbridge, near Stroud, Gloucestershire, dyer, for 
improvements in the setting or fixing of steam-boilers or other coppers, 
by which a considerable saving of fuel will be effected, and the smoke 
more effectually consumed.—Feb. 14. 

T. Fuller, of Bath, Somersetshire, coach-builder, for an improvement 
in the construction of shafts, and the mode of attaching them to twos 
wheeled carriages.—Feb, 18. 
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ARTICLE XIX. 
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METEOROLOGICAL TABLE. 

—— 

BAroMETER,| THERMOMETER, 

1823. | Wind. | Max. | Min. 

3d Mon, 

March 1|N W({30:12|/30 03 
2) W  |30°11/25°83 
3} W_ |29°83)29°45 
AN W/29°55\29°44 
5IN W/29'88/29'55 
6|IN W}{29°88!29°57 
7\S E/29°57)29'19 
SIN W/29:27/29'°19 
9| N_ |29°88\29:27 

10/5 E)\29°84.29°77 
1HN W/(30:19\29 84 
12IN W130'35|30°19 
13$ W/|30°35|/30°33 
14/5  W/)30°50/30°33 
15| N_ |30:55130°50 
16| N_ |30°55|50°25 
17|IN W/({30:25/29:97 
ISIN W/29-97|29'82 
19|IN W(29°93/29-89 
20\5 W/29-89|29:49 
21\S  W/{2949/29-20 
22 W /29:69/29:20 
23|N W/30:28)29°69 
24| E  |30°39|30°28 
25| E  |30°28|30°22 
26IN __E}30°22/30°15 
27} N_ |30°15|30°14 
28! E |30°17|30°14 
29} E_ |80°14/30-12 
30} E |30-22)/30°12 
31IN W)30'22/30°16 

Max. 
eee |e 

Min. 
Daniell’s hyg, 

at noon. 
en 

Evap. | Rain. 

04 
04 

Or So D 

SELES BPP IA GIF Bes lA lA LITT ta 
ee — — 

30°55/29°19 

The observations in each line of the table apply to a period of twenty-four hours 
beginning at 9 A. M. on the day indicated in the first columu, 
the result is included in the next following observation. 

A dash denotes tha 
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REMARKS. 

Third Month.—1. Fine. 2. Cloudy. 3. Drizzling rain: a furious gale of wind 

from the NW all night. 4. The wind continued to blow with great violence all day. 

5. Fine, 6. Cloudy: bleak. 7. Snowy. 8. Cloudy. 9. Fine. 10. Rain. 

11, 12. Fine. 13—15.. Cloudy. 16. Fine. 17. Cloudy. 18. Drizzly. 19. Snowy 

morning: very cold wind NE in the night. 20. Snow in the morning: afternoon 

rainy: a lunar halo in the evening. 21. Drizzly. 22. Overcast. 23—26. Cloudy. 

27. Cloudy: night foggy. 28, Cloudy and fine. 29. Cloudy. 30, 31. Fine, 

RESULTS. 

Winds: N,4; NE, 1; E,5; SE,2; SW, 5; W,2; NW; 12. 

Barometer: Mean height 

For the month. ...se.cesecesseeeeceeeeceeeeeneeees 29°952 inches, 
For the lunar period, ending the 4th. .....-+.--+.+-.- 29°676 

For 15 days, ending the 12th (moon south)......... - 29°678 

For 13 days, ending the 25th (moon north) . .....+.. 30°049 

Thermometer: Mean height 

For the month... .ssesscsssecsccoeesesecescseseces AP258° 

Fir he lamar pariod, <x solanssaiecheswansccaahasaas 38-933 

For 29 days, the sun in Pisces... .+es+s+eeceseeess++ S9ASS — 

Evaporation. oo .secceccccesecccccsersecccccecsscctecscsvevcvessse ITD ile 

Rain. C000 COO CREE DOSE LOL DES Oo ODL Owe EDELER CCC se eeroseseeeereases 117 

Laboratory, Stratford, Fourth Month, 22, 1823. - R. HOWARD. © 

& | 
| 
| 

| 
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ARTICLE I. 

A new and easy Method of ascertaining the Degree of Tempera- 
ture at which Water is at its Maximum Densily. By Mr. 
James Crichton. 

(To the Editor of the Annals of Philosophy.) 

SIR, Glasgow, May 2, 1823. 

Havine lately been much engaged in determining the specific 
gravities of certain fluids, by means of adjusted balls of glass, 
and being satisfied that for simplicity and accuracy, no method 
whatever is nearly so good; I was led to think, that another 
important point could thereby with greater certainty be ascer- 
tained, than by any mode yet adopted. This is to determine the 
temperature at which water attains its maximum density. 

Of all who have hitherto attempted to decide this question, 
whether British or foreign philosophers, no one seems to speak 
with the precision which might be desirable, of the degree at 
which the phenomenon takes place. The French say it is 
between 4 and 5 of Celsius, thus admitting an uncertainty of 
about 2° of Fahrenheit ; some in our own country think it is at 
39, while others place it at 40. 

Any person who is aware of the many sources of error, and 
of the vague nature of the requisite compensations, will not won- 
der at this indecision ; the difficulty alone, of maintaining an 
uniform temperature, throughout a large or deep body of water 
is very considerable ; hence the bulkiness of the solid used by 

New Series, vou. ¥. 2D 
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the French for this purpose, having been a cylinder nine inches 
in diameter, and of the same height, must have rendered it a 
matter of uncommon difficulty in the quantity of water neces- 
sary. Whether this uniformity existed, at the moment of its 
greatest apparent gravity, may admit of some doubt, however 
carefully and constantly the thermometer may have been 
observed ; besides, air-bubbles, which it would be almost impos- 
sible to see or remove, might have considerably increased the 
buoyancy of the suspended solid. To estimate the compensa- 
tions for expansion, in the above-mentioned method, is perplex- 
ing, and for the mode by the weighing bottle is still more so; but 
to ascertain the quantity of hygrometric humidity, which pro- 
fusely and rapidly fixes on the exterior surface of a bottle, at so 
low a temperature as 40, is perhaps from several causes imprac- 
ticable. A hope of being able to assist in obviating these embar- 
rassments, induces me to present a new method of determining 
this point. 

Having frequently observed that a very small alteration of 
temperature in a fluid, destroyed the. precise poise of a solid in 
that fluid, and that an extremely minute increase or diminution 
of gravity in the solid, has a similar effect ; it was easy to per- 
ceive, that if water is of a certain gravity just above freezing, and 
that if it become heavier, with an increase of temperature, before 
it reach, say for example, 50, then it is manifest, that at some 
included degree, water must of necessity poise, or sustain, a ball 
or solid of greater specific gravity, than it will do at any other 
point in the supposed interval. 
My first attempt to ascertain this point, evinced, that a ball 

which was just poised, at about 33, had the same property near 
51; this gave 42 for the point of greatest density, taking the 
half of the intervening degrees as additive to 33, or the reverse 
from 51, since all authorities seem to agree, that the expansion 
is the same for equal intervals of temperature, on both sides of 
the maximum. 

It may be supposed, that to adapt a ball of the greatest pos- 
sible specific gravity which water can sustain at 7s greatest 
gravity, would be the next endeavour ; it was, but so infinitely 
little is the variation of the gravity of water, for about a half 
degree on either side of the maximum point, that although I 
have, more than once, diminished the gravity of balls which 
were too heavy, by a quantity so minute, as not to amount to 
the G000th part of a grain, or just as little as I could by any 
means grind off, still, on trial at the proper range of tempera- 
tures, 1t was found that the mark had always been overshot, 
This then was relinquished as a hopeless task. ~ 

As it had not however escaped notice in the course of these 
experiments, that the further the temperature of water was 
remoyed from that of the greatest gravity, the ball rose, or fell, 
with celerity just commensurate to the number of degrees which 
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the existing temperature was above, or below, that of the desi- 
derated degree: this, therefore, affords some idea of the 
approach to, or retrocession from, the temperature in question ; 
but there is a better, and perhaps conclusive proof of its place in 
the scale, which I shall now describe. 

I took a glass jar, 2 inches in diameter, and 34 in depth; into 
this was put distilled water to the depth of 24 inches, and cooled 
down to near the freezing point, but carefully prevented from 
congealing, as the disengagement of air-bubbles from the ice, 
when fluidity took place, would have frustrated the experiment ; 
into this was put a ball, previously well wiped with a silken* 
cloth, and immediately, by means of a clean hook of glass, lifted, 
but not rapidly, twice or thrice out of the water; this cleared it 
of any air-bubbles, which though imperceptible, might have 
been adhering to its surface. The ball now fell to the bottom of 
the jar, which as usual was convex, but had a small flat surface 
on the summit, to which the ball was led, and there it rested. 
In the water there were suspended two very accurate and sensi- 
ble thermometers, the bulbs being at the middle of the water as 
to depth, and just so far removed from its diametrical centre, as 
not to be in the path of the ball when it rose, 

In these circumstances, the lower end of the ball was care- 
fully watched with a large reading glass, and at the moment of 
its quitting the bottom of the jar, the thermometers were exa- 
mined, and the degree noted; when the ball had risen about 
one-fourth of an inch a small rod was cautiously let down, and 
without agitating the water, gently made to touch the ball ; it of 
course descended, but instantly rose ; this isa very delicate part 
of the experiment, and if overdone loses its effect. It was fre- 
quently repeated, and the ball always reascended with accele- 
rated velocity. 

‘The thermometers indicating an increasing temperature, the 
- ball finally became stationary at the surface of the water; from 
time to time it was slightly touched as before, but in proportion 
as the temperature rose beyond a certain point, the tendency of 
the ball to ascend, after these strokes, obviously diminished, 
jedging by the velocity with which it did so; its upper extre- 
mity, when examined with the magnifier, plainly seemed to 
press as it were more and more feebly on the surface of the 
water, till at last, a fine thread of separation became visible ; the 
degree by the thermometers was again marked, and as they con- 
tinued slowly to rise, the ball gradually fell to the bottom of the 
ar. 

q From many similar experiments I have concluded that 42 is 
extremely near the true point of the greatest density of water ; 
my most satisfactory trials never gave 3-10ths of a degree less 

* In an experiment of such delicacy, this must be attended to, as linen never fails to 
leaye fibres on whatever is wiped with it; these will detain air enough to-render the 
efforts of the experimenter in this case abortive. 

9 9 
wD 
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nor more, but at present, I am rather inclined to place it a very 
little above 42; a trial I made in very favourable circumstances 
a few days ago, gave for the first appearance of the rising of a 
ball 37-5, and for that of its sinking 46:3, these make the point 
in question 41-9; the local temperature was 46:8, but the baro- 
meter having been at only 29:4, the above 41:9 may be held 
perhaps too low. These experiments were made with balls 
adapted to all the intervals from 33—51 to 39—45, yielding 
however great uniformity of results. 

As I cannot anticipate what objections, or if any, can be made 
to this method of ascertaining a curious and not unimportant 
point, I shall allude to one only; that is error from expansion of 
the ball, and consequent increase of its volume; but as the 
whole range required does not exceed 4° or 5°, on either side of 
a starting point, and though it were granted that the expansion 
of glass is the same for 4° about temperature 42, as it is for 180°, 
that is from freezing to boiling of water, as determined by M. de 
Luc and others, the expansion for these 4° must be so extremely 
little, as not by any means to affect the decision in any consi- 
derable part of a degree. 

But were the expansion of glass in the above range even ten 
times what it is, still it must in effect be cancelled, for taking 42 
as the point where this expansion in the present case must be 
assumed as incipient, and granting that at say 33, a ball just held 
in poise has become less, that is heavier specifically, some degree 
above 33, for example 34, where water is denser, must really be 
what the ball virtually indicates; again, if at 51 the same ball 
poises, then by a parity of reasoning the ball is now said to be 
increased in volume beyond what it was at 42, or it is too light, 
therefore it must indicate too high a degree, or it really shows 
that the ball, supposing it inexpansible, would have stood at a » 
lower degree or denser medium, which call for instance 50; so 
that by the one extreme thus correcting the other, the conclusion 
to be drawn is the same as in the case of altogether neglecting 
the expansion. 

The low temperature of the atmosphere when these experi- 
ments were made, gave confidence that no current upward or 
downward moved the water; besides, a few very minute parti- 
cles of dust, just visible in different parts of it, remained entirely 
motionless during the whole operation. 
My first trials on this subject were made with spherical balls, 

half an inch in diameter, having a depending stalk of about an 
equal length ; but to obviate the possibility of error from dissi- 
milarity of the extremities, I latterly used solids resembling in 
shape a buoy or parabolic spindle, sharp at the ends, of about an 
inch in length and 4-10ths in diameter. This shape gave another 
apparent advantage, that is of meeting less resistance than a 
sphere when moving in a fluid, and in order to ensure perpendi- 
cularity of the axis, before such a ball was hermetically sealed, a 

i 
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small globule of mercury was introduced, which perfectly 
answers that purpose. ) 

As the momentum of an ascending ballis very apt to cause its 
upper extremity to rise above the water, and however free of 
any thing unctuous, it will there remain too long, a slight tap or 
blow by a small hammer, on the under side of the table, will 
obyiate this incident. 

In cooling water for such experiments, it ought to be kept as 
still as possible ; agitation to procure uniformity of temperature 
has a bad effect by charging it with air; bubbles may settle on 
the ball during the experiment, and must be closely watched for, 
as their effect may be apprehended, if detected occasionally rising 
through the water. Knowing the degrees at which a ball might 
be expected to rise or fall, I have frequently lifted it to the sur- 
face of the water a short time before, in order to free it of any 
thing which though imperceptible might have affected its gra- 
vity. The thermometers were sometimes placed one at the top, 
and the other at the bottom of the vessel, in order to ascertain 
beyond doubt the temperatures at the initial points, or the 
extremés of the above-mentioned intervals. 
When it was considered how uncertain the indications might 

have been, had I succeeded in adjusting a ball to seeming equi- 
librium at the maximum gravity, owing to the minute variations 
near‘that point, there was little cause for regretting my failure, 
especially when the method by varied extents of intervals seems 
so satisfactory ; still, since writing the above, another effort was 
made, when the following appearances took place. 

Water in the jar being near 42, and the ball as seen by the 
naked eye in apparent equilibrio, it was observed with the read- 
ing glass as seen over a slight scratch on the side of the jar; it 
was then very slowly descending; having two or three times 
breathed on the part of the jar nearest the ball, the consequent 
dimness was removed by a camel hair brush, but before this 
could be done and the eye-glass applied, the ball had decidedly 
begun to ascend, which it continued to do for a few seconds, 
and after a momentary pause again began to fall. This was 
repeated several times, the thermometer meanwhile ranging 
from 42 to 42°6; from this and other circumstances, I with due 
deference incline to think, that 42°3 is very near the true point 
in the scale of temperature, where the maximum density of water 
takes place. In this last trial it may not be improper to men- 
tion, that the increment of weight producing the approximating 
effect, was a mere speck of leaf gold, attached to the side of the 
ball by means of spirit-varnish, and fixed by applying a mode- 
rate heat. 

Having thus given an explicit account of these experiments, 
apology on my part for having too minutely done so, will be 
deemed quite unnecessary by any one who repeats them, I 
shall only add, that the thermometers having been made pur- 
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posely for the experiment, I have perfect reliance on their indi- 
cations. The smallness of the apparatus and its extreme sim- 
ai render the determination of the point wherever it is to 

e placed, a very plain matter. This I submit to those who are 
capable of availing themselves of the means it affords, and who 
are qualified for appreciating its powers. 

JAMES CRICHTON. 

Articue II. 

On a Salt composed of Sulphuric Acid, Peroxide of Iren, and 
Ammonia. By Dr. Forchhammer. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Copenhagen, April 8, 1823. 

Havine prepared a solution of gold by means of nitric acid 
_ and muriate of ammonia, and precipitated the gold by protosul- 
phate of iron, in order to determine whether any further por- 
tion of gold might be obtained by evaporation, the solution was 
concentrated to the consistence of a syrup, and suffered to 
remain for a month, when beautiful octohedral crystals of a wine © 
yellow colour were formed on the sides of the vessel. It first 
occurred to me that this salt might be a peculiar compound of 
sulphuric acid and peroxide of iron; but I soon discovered that 
it also contained ammonia, and that it was an alum in which 
peroxide of iron supplied the place of alumina. 

This salt is soluble in about three times its weight of water at 
60°, and, by repeated crystallization, it may be obtamed per- 
fectly colourless ; the regular octohedron is the most usual form 
of this salt, and although the cubo-octohedron sometimes occurs, 
I never obtained any perfect cubes. 

Fifty parts of this salt were dissolved in water, and precipi- 
tated by nitrate of barytes, 50:33 of sulphate of barytes were 
obtained, containing 17-298 of sulphuric acid = 34:596 per 
cent.* 

One hundred parts of the salt were dissolved in water, and 
decomposed by ammonia, the precipitate was digested during 24 
hours in a solution of soda, and this, upon the addition of muriate 
of ammonia, deposited slight traces of alumina, which increased 
by ebullition, and weighed, when dry, 0:26 part. In another 
experiment, from 60 parts of the salt, 0°19 of alumina was 
obtained. The oxide of iron after being redissolved in muriatic 

* In this and the following calculations, the proportions are given from Berzelius’s 
tables (Stockholm, 1818). If the more simple numbers of Dr. Thomson are adopted, 
the result differs very little from that deduced from Berzelina’s numbers. 
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acid and precipitated by ammonia weighed in the first experi- 
ment 16°57. From 50 parts of the salt in two subsequent expe- 
riments, I obtained 8°32 and 82, the mean of which is 8:233 = 
16:47 per cent. Fifty parts of the salt were exposed for three 
days to a temperature near that of boiling water; when 
weighed, they had lost 21°74 = 43-48 per cent.; the remaining 
powder was readily dissolved in water, excepting a very small 
quantity of a brownish-red substance. 

I found great difficulty in ascertaining the exact quantity of am- 
monia contained in this salt. I dissolved 100 parts in water, added 
caustic potash to the solution, and S icatl it to distillation, so 
as to pass the vapour into asolution of nitrate of lead; although 
the subnitrate thus precipitated by ammonia is nearly insoluble 
in a solution of neutral nitrate of lead; it is, however, soluble 
in water, and when I washed the filter on which it was collected, 
it almost entirely disappeared. I attempted to expose these 
solutions of the subnitrate to the action of carbonic acid, which 
decomposes the subnitrate into carbonate and neutral nitrate, 
and then the quantity of carbonate of lead would be proportional 
to the quantity of ammonia passed through a neutral solution of 
the nitrate; this method did not, however, succeed much 
better, nor was nitrate of mercury employed with much greater 
advantage. At length on comparing the numbers for sulphuric 
acid and oxide of iron, I found that if I considered the persul- 
phate to be composed, according to the proportions indicated 
by Berzelius as constituting what he terms sulphas ferricum, one- 
fourth of the sulphuric acid remained uncombined with oxide, 
and, I conceive, this quantity to be combined with ammonia. 

One hundred and fifty parts of the salt were dissolved in 
water in a flask, and mixed with potash sufficient to decom- 
ose the whole; a glass tube was adapted to the flask, and 

immersed into a solution of 50 parts of the salt in question; the 
mixture in the flask was boiled for half an hour, and every pre- 
caution was taken to prevent the escape of any ammonia. At 
the close of the experiment, the solution through which the 
ammonia had passed was colourless; it slightly restored the 
blue colour of reddened litmus paper, but this effect did not take 
place unless the paper remained for some time in the solution ; 
the precipitate had a yellowish colour indicating an admixture of 
subpersulphate of iron with the peroxide ; the solution and pre- 
cipitate were heated in a close vessel for 24 hours to a temper- 
ature of about 100°; the yellow colour of the precipitate had 
now disappeared, and it seemed to be pure peroxide of iron; the 
alkali of the solution was also so perfectly expelled that it did 
not produce any effect upon reddened litmus paper; but when 
mixed with a reddened solution of litmus, a very slight trace of 
alkali was discoverable. 

_ The oxide of iron was washed until the water passing through 
the filter ceased to affect the solution of nitrate of barytes; the 
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oxide was afterwards dissolved in muriatic acid, and again tried 
with nitrate of barytes, which occasioned a degree of turbidness 
that indicated rather more sulphuric acid than would have been 
required to saturate the very slight trace of alkali. 

it was thus proved by direct experiments that three parts of 
sulphuric acid are combined with peroxide of iron and one part 
with ammonia; it is extremely probable that the excess of 
sulphuric acid in the last experiment is derived from some per- 
sulphate of iron uncombined with ammonia, and upon this also 
depends the yellow colour, and this, as already mentioned, ma 
be removed by repeated crystallization, a little subsulphate 
being deposited, The salt which I have now described is com- 
posed of 

Persulphate of iron 41-807 comp. of 25°337 acid + 16-470 oxide 
Sulph. of ammonia 12°366 8°649 acid+ 3°717 amm. 
Sulphate ofalumina 0-870 0°610 acid + 00-260 alum. 

55043 

Although the quantity of water contained in the salt appeared, 
as already stated, to be 45°48 per cent. by direct experiment, yet 
itis well known to be difficult to deprive a salt of all. the water, 
unless it be heated to redness, which the nature of this salt 
would not admit of. If we assume the ammonia or the sulphuric 
acid combined with it tobe one atom, 23 atoms of water will sup- 
ply the loss in the analysis, for it would amount to 44-947, and 
the loss is 44°457. Itis, however, to be observed, that the esti- 
mate of 23 atoms of water would agree with the analysis of the 
salt, upon the supposition that the whole quantity of sulphuric 
acid belongs to it; but this is not the case ; for it contains some 
persulphate of iron which is not combined with ammonia, and 
which is not united with the same proportion of water as the 
triple salt. 

On closely examining the crystals, I observed that they efflo- 
resce slightly, and become brown on the surface. In order to 
decide the question, I employed Dr. Thomson’s method of cal- 
culating the exact quantity of nitrate of barytes necessary to 
decompose the whole of the sulphate of ammonia and iron.. On 
the supposition that it contains 24 atoms of water, 11-83 parts 
of eeletnte of iron and ammonia would exactly decompose 13-06 
of nitrate of barytes, and if only 23 atoms of water, then 11°61 
of the triple salt would be required to decompose the same 
quantity of the nitrate. The crystals employed in this experi- 
ment were rendered perfectly colourless by repeated crystalliza- 
tion, and when decomposing such a portion of them by means 
of that quantity ofnitrate of barytes which indicates the presence 
of 24 atoms of water, I found so little sulphuric acid remaining 
unacted upon, that when more nitrate of barytes was added no 
turbidness was occasioned for several minutes. This slight 
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excess of acid was, perhaps, owing to the presence of the smalk 
quantity of sulphate of alumina, for this salt contains more sul- 
phuric acid than the triple salt, and no allowance was made in 
the calculation for the excess. 

If, therefore, we neglect the alumina, the composition of the 
salt in question will be 

Persulphate of iron........... ween 41°95 
Sulphate of ammonia ...... ccecaces 121] 
WRC PILI, LO Tos AS OPE OY: 

100-00 

I conceive that the salt which Mr. Cooper obtained by 
dissolving the oxide of iron precipitated from the pernitrate by 
ammonia in sulphuric acid, is similar to that of which I have 
now given the analysis. The quantities of sulphuric acid and 
peroxide of iron are nearly in similar proportions ; the greater 
quantity of water which he assigns may be accounted for by the 
ammonia having been included with it. 

As the results deducible from this analysis seem to agree so 
well with M. Mitscherlich’s idea, that peroxide of iron and alumina 
are isomorphous, and afford additional proof of the correctness 
of his views, I was more particularly anxious to determine the 
quantity of water, with as much accuracy as possible. For 
although the crystals of alum belong to the formes limités of 
Haiiy, which pay occur in crystals of very different substances ; 
yet if in two such compound salts there exists a close analogy 
between their component parts and their form, it descrves atten- 
tion ; and on this account I subjected alum formed of sulphate of 
alumina, sulphate of ammonia, and water, to analysis. One 
hundred parts of this ammoniacal alum were dissolved in water, 
and decomposed by nitrate of barytes; the sulphate obtained 
weiczhed 104-46 = 35°90 of sulphuric acid; a like quantity of 
the same alum decomposed by ammonia gave 11:24 of alumina. 
From the known composition of sulphate of alumina, it is evi- 
dent that one-fourth of this sulphuric acid is not combined with 
alumina, and it must, therefore, be united with the ammonia, 
and on this supposition, the composition of ammoniacal alum 
will be: , 

Sulphuric acid..... SD te er nd Me (CRO 
RTE ee ee es bee ~ Ll<50 
Ammonta! 05')03 00 00. stab bent? ye iibicn eres 

51:26 
Water and losses cavccecvasccees 2. 48°74 

100-00 

Making sulphuric acid the basis of the calculation, and on 
account of the great weight of the sulphate of barytes the errors 
of experiment are diminished, we find that 24 atoms of water 
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are equal to 48°68, agreeing with the above result as nearly as 
could be expected. This proportion of water was confirmed b 
mixing 11:16 parts of the alum with a solution of 13-06 of nitrate 
of barytes, which are the proportions required by calculation on 
the supposition that the salt contains 24 atoms of water; there 
was a slight excess of sulphuric acid, but the addition of nitrate 
of barytes did not occasion any turbidness for.some minutes. 

This alum is, therefore, composed of three atoms of sulphate of 
alumina, one atom of sulphate of ammonia, and 24 atoms of 
water; and the triple salt now described consists of 3 atoms 
of persulphate of iron, 1 atom of sulphate of ammonia, and 
24 atoms of water; or if we adopt the number assigned by 
Dr. Thomson to peroxide of iron, 1 atom of tripersulphate of 
iron, | of sulphate of ammonia, and 24 atoms of water. 

Articie III. 

On Clay Slate for Road-making. By Mr, W. Stokes. 

(To the Editor of the Annals of Philosophy.) 

SIR, Harcourt-street, Dublin. 

In many parts of Ireland is found a species of clay slate which 
answers remarkably well for road-making. This clay slate may 
be described as follows : 

It occurs massive; colour of the fresh fracture, a dark bluish- 
grey. ‘The colour of that which has been exposed to the air is 
a brownish-red. Lustre, in some places, greasy ; in some exhi- 
biting brilliant points : a few places have a blistered appearance. 
The fracture undulating, slaty; yields readily to the knife ; it 
feels slightly greasy ; opaque; specific gravity, 2-6. Before the 
blowpipe, it melts mto a greenish slag. 

The advantages which this stone possesses as a road material 
are remarkable, and might seem inconsistent were they not veri- 
fied by experience. 

Although easily broken it does not form light dust so as to 
rise with the wind; it is not readily worked into mud by car- 
riage wheels or the feet of cattle, although roads made of other 
species of clay slate are very liable to this defect. Roads formed 
of this peculiar clay slate have an agreeable smoothness under 
the horse’s feet, and seldom exhibit projecting stones; neither 
do they throw out loose stones, which is a common defect of 
our limestone roads. They preserve their evenness in decay 
remarkably, continuing smooth when oaly an inch of gravel re- 
mains on the surface ; they areso porous that even though they 
have lost their central elevation, water does not rest on them, — 
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The material is not favourable to the growth of grass, which is 

another advantage; roads of common clay slate and of limestone 

are often edged by a grassy bank, which, if it be not frequently 

removed, confines the water, and so forms a water-course on the 

road. Garden walks of this material are durable and conve- 

nient, being but little overrun with weeds, but it must be con- 

fessed they have a sombre appearance. 

The districts in which this material is employed are in the 

county of Down, between Downpatrick and Ballynahinch, Bal- 

lynahinch and Clough Banbridge and Tandaragee, and between 

Belfast and Bangor; in the county of Armagh, Market Hill and 

Armagh, and from Armagh to Castle Blayney, in the county of 

Monaghan. In the south of Ireland, between Waterford and 

Ross. 
The stone from Dunmeniss, near Ballynahinch, being submit- 

ted to analysis in the usual manner, viz. by fusing it with an 

alkali, yielded the following constituents : 

ela - ee caurp wabentd aeuslschowls minisatiew Gate 

I cniTiA os « Sasinle, ojerosesreleyd > Sarelsm eiaoy ETE 

Tie. oc nics le wap. eye’ As weneetdad ieee 

Magnesia. ...seeeecteeerseeecetnee 22 

Cixide OF AFAR i vetive-ianemontawedad: LG 

TUVAIECT as sisysenke cans S¥oi 00 as he atte alain» ayant), VE 

Charcoal and manganese ....++++++s . Trace 

Tobi daw nsswatidcnic cathe tek wiraeve. , 20 

100-0 

WILLIAM STOKES. 
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ARTICLE IV. 

Observations on Gas Light Establishments, with an Account of 

some Experiments made to determine the comparative explosive 

Force of Carburetted Hydrogen Gas and Gunpowder. By Sir 

William Congreve, Bart. FRS. &c.* 

Tux first observation that arises on taking a general view of 

the gas works in the metropolis, is the immense extent to which 

they have now been carried since the year 1814, when there was 

only one gasometer of 14,000 cubic feet in existence in Peter- 

street, Westminster, belonging to the chartered company, as they 

were termed; the only company then established. Whereas, 

at present, there are four great public companies established, 

having, altogether, 47 gasometers at work, capable of contain- 

* From Reports on Gas Light Establishments. Ordered to be printed by the House 

of Commons, March 26, 1823, ° 
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ing, in the whole, 917,940 cubic feet of gas, supplied by 1,315 
retorts ; these retorts consuming upwards of 33,000 chaldrons 
of coal in the year, and producing upwards of 41,000 chaldrons 
of coke. The whole quantity of gas generated annually being 
upwards of 397,000,000 cubic feet, by which 61,203 private, and 
7,268 public or street lamps are now lighted in the metropolis, 
In addition to these great companies, who are. the subject of 
this Report, as being placed by legislative enactment under the 
control of the Secretary of State, there are in the metropolis 
several private companies, whose operations are not included in 
the foregoing statements ; but on which I shall feel it right to 
make some remarks before [ conclude. 

In Table, No. 8,* will be seen the details of all the above- 
mentioned totals; the following consideration of which will, 1 
think, point out the importance of thus having collected these 
particulars into a single point of view, as tending to regulate the 
just price which ought to be charged to the public for the gas 
they consume ; and, at the same time, by the general compara- 
tive view thus obtained ofthe whole system, as tending to induce 
every company to adopt the best mode of conducting its works. 
Presuming, and believing, as I do, in the correctness of the 
particulars of information given me by the different companies, as 
to the quantity of coal consumed in their retorts, and the average 
workings of those retorts during the year; it appears, by a 
review of these totals, either that the average consumption of 
gas per lamp, allowing for waste, is not so great as is generally 
stated ; or that the quantity of gas generated from a chaldron of 
coals, is greater; or that the average times which these lamps 
are allowed to remain lighted, is not so great as reported ; for if 
the consumption or waste of gas were equal to what is generally 
believed, or the quantity produced were not greater, I find that 
the number of lamps returned could not have been lighted for 
the times stated. 

‘The general statement made by the companies of the con- 
sumption of gas for each lamp, is five cubic feet per hour ; and 
that of the produce of gas per chaldron, something less than 
12,000 cubic feet per chaldron ; now allowing full 12,000 cubic 
feet per chaldron to be generated, it appears that the average 
consumption of gas per tamp in the hour by the London Com- 
pany, does not exceed four cubic feet and a half; nor is the 
average time of burning, winter and summer, for private lamps, 
more than four hours ; or for public lamps, more than nine hours, 
which is below the supposed average. 

By Table, No. 8, it also appears that in the City of London 
Gas Works, the consumption of gas per lamp, allowing the same 
time of burning, is six cubic feet and a half per hour, instead of 
four, as above stated. It is evident, therefore, that there exists 

* For this table, as well as other interesting particulars, we must refer the reader to 
the original report.— Edit. 
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a waste of gas in these works, which is avoided by the London 
Company ; and, indeed, this waste is admitted at the works, and 
even stated at a higher rate than it thus appears to be. 

The various and important checks, therefore, that may thus 
be obtained, show the necessity of these general investigations, 
and of the calculations arising out of them. I shall, therefore, 
in future Reports, cause a still more detailed survey of them to 
be made than has in the commencement of the present system 
of inspection been hitherto practicable. 
By thus determining the actual consumption and waste of gas 

to each lamp, together with the expense of generating it, allow- 
ing for wear and tear and outlay of capital, which must also form 
the subject of future surveys, more in detail, a just estimate, not 
only of the actual cost of the gas to each company, but of its 
real value, supposing the best system to be adopted, may thus 
be made with a view to a fair regulation of prices, and to such 
other measures as the legislature may think fit to enact for the 
further proceedings of this great public concern. 
_It might have been imagined that the enormous quantity of 

coal thus shown to be consumed in the generation of gas, would 
have greatly enhanced the price and increased the quantity of 
coals brought into the port of London since the introduction of 
the gas-light system; this, however, has. not been the case; on 
the contrary, the increase in either of these is inconsiderable,, 
owing to the compensation arising from the quantity of the: 
surplus of coke produced. 

The quantity of coke generated, in the first instance, is at the 
rate of 120 or 130 chaldrons for every 100 chaldrons of coal car- 
bonized ; of this quantity, about 20 per cent. is consumed in the 
furnaces under the retorts, in the process of carbonization; the 
whole of that operation being now effected by the coke produced 
on the spot, without any addition of coal whatever; deducting, 
therefore, 20 per cent. from the increased measurement of coke 
produced, there remains, in measurement, nearly, or perhaps 
rather more than the same quantity of surplus disposable coke 
to be applied as fuel in the metropolis, as of coal used in the 
process ; so that the coke seems nearly to amount to a compen- 
sation for the coal as fuel. But were the enhanced price of coal 
greater than it is, it could scarcely be doubted, that, as a ques- 
tion of economy, there would be a very considerable public sav- 
ing arising out of this system, when the value of the light thus 
produced were set against this increased price ; and certain It is, 
that some parts of the population of this metropolis are peculiarly 
benefitted by it. The poor have, by this means, access to a very 
serviceable fuel, at a comparatively moderate price ; the coke 
being now sold by the companies at from 20s. to 30s. per chal- 
dron ; and the fire produced from it being, in all respects, ade- 
quate to the necessities of the lower orders. 
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The small rise in the price of coals, and the great fall in that 

of oil, may indeed be considered as a sort of measure of the 
saving to the public that has arisen from this application of coal; 
nevertheless there may be many very important considerations 
both of external and internal policy, which may render it very 
desirable that the government should give every possible encou- 
ragement to the use of the gas produced from oil. Not.only our 
distant fisheries seem to point to the expediency of this policy, 
viewed as a principal nursery for seamen (which from the fore- 
going statement of the little increase in the consumption of coal, 
evidently receives no aid from the use of the coal gas) but the 
encouragement of our coast fisheries, as an additional means of 
subsistence for an increased population, renders it expedient that 
the utmost encouragement should be given to this mode of aug- 
menting the consumption of oil; nor can it be doubted, that if 
such enhanced demand could be created for the description of 
oil that would thus be required, it would form a most powerful 
stimulus to the coast fisheries. 

Thus far very little progress has been made in the extension 
of the use of oil gas in the metropolis since my last Report; 1 
shall, however, state some particulars respecting this part of the 
subject at the conclusion of the present Report. 

It is satisfactory to observe, that although considerable exten- 
sions have been made in this mode of lighting the town during 
the last year, no serious accident bas happened : the only one 
indeed which deserves mentioning is that which occurred in the 
vaults under the Opera House, of which I transmitted a particu- 
lar account at the time. 

It is also satisfactory to observe, that very considerable 
improvements have been made in some of the processes in the 
different works, as well in the mode of setting the retorts as in 
that of charging them ; and that some of the probable causes of 
mischief stated in my first Report have been removed; among 
which I may state, that the practice of making use of the coal 
tar in the tanks, for floating the gasometers, has been entirely 
discontinued. 

Most of the new gasometers which have been lately erected 
are uncovered ; by which means the probability of accident by 
the leakage of the gas into the gasometer houses is obviated ; 
and the only objection that existed to making this a general 
practice (namely, the effect of the wind or snow in disturbing or 
increasing the pressure of the gasometer when exposed) is pro- 
posed to be got rid of by the addition of a small regulating 
gasometer, from which the mains are immediately fed. 

Another very great improvement in the mode of conducting 
these works has been introduced in the evaporation under the 
retorts of the lime water, by which the gas is purified. By this 
means a great nuisance has been obviated which used to exist 
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in allowing this lime water to run into the sewers, by which a 
very offensive smell was produced in the neighbourhood, and a 
very deleterious matter conveyed into the Thames. 

This mode of disposing of the lime water was first introduced 
by the superintendant of the Brick-lane station, and will I doubt 
not be very generally adopted, as this water is prohibited from 
passing into the sewers after the 15th February, in consequence 
of a: prosecution carried on by the City of London against the 
Dorset-street Company. 

Another mode of getting rid of this lime water has been expe- 
rimented ; viz. the purification of the gas by dry lime, which is 
about to be adopted in Dorset-street, in preference to the com- 
mon mode of passing it through lime water. . 

Considerable improvements have also been made during this 
year in the quantity of gas produced from a given quantity of 
coal, which, as far as it tends to reduce the cost of the gas, not 
only renders a benefit to the public, but an increased advantage 
to the companies, in whose well-doing the public cannot but be 
interested, since this mode of lighting the town has now become 
so general, and is unquestionably attended with so many advan- 
tages to the metropolis, not only as relates to the convenience 
of the inhabitants, but to their security as a matter of police. 
This increased produce of gas has been accomplished by various 
means, such as the improvements in the mode of setting the 
retorts, in the use of a better coal, in the application ofa certain 
quantity of the coal tar mixed with the coal in the retort. 
A new description of retort, called the Graftonian retort, from 

the name of its inventor, has also been introduced, with the hope 
of further economy by the increased production of gas. This 
retort is made of fire brick instead of iron, and it is supposed 
that it will be found much more durable than the iron retort, and 
capable also of sustaining a greater intensity of heat, so as to 
render the distillation of the coal more perfect. 

Other experiments have been made with a view to this same 
object, by the engineer of the Imperial Company, who has 
invented a retort, whichis to be gradually fed with the coal from 
a hopper, so as to make the destruction of the material to be 
carbonized still more complete. Mr, Clege seems to anticipate, 
from the experiments which he has tried, that he should be 
enabled by this means to destroy both the tar and ammoniacal 
liquor produced in the ordinary modes. He also calculates, that 
by these means the quantity of gas produced will be increased 
to 16,000 or 18,000 cubic feet per chaldron, and that it will more- 
over be of a superior quality, so as to give considerably more 
light in proportion to the quantity burned. It would certainly 
be very desirable to get rid, as much as possible, of the different 
products resulting in the distillation, excepting the coke, as 
some of them do not pay for their removal, and are liable, there- 
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tore, to be left for some time on the premises, so as to become ~ 
more or less nuisances to the public. 

At present the system is far from perfect in any respect. It 
is hoped, therefore, that every possible encouragement will be 
given by the different companies to that description of investi- 
gation and experiment calculated to promote improvement, 
although no immediate profit may result to the companies. 

It is also very desirable, that when any improvement is rea- 
lized by any particular company, that it should be generally 

adopted by the rest; and by the due exertion of this spirit, I 

have but little doubt that a great degree of perfection, both as 
to convenience and security, may be looked for at no distant 
period. 

Great care, however, is unquestionably requisite, and there 
are certain points, the observance of which by the different 

companies is so essential, that any indifference or neglect as to 
them must be vigilantly prevented ; for it must be obvious that 
the vast accumulation of inflammable gas necessary to carry on 
this mode of illumination, in its present extended state, must be 

attended with more or less risk, according to the conduct of 

those employed. To explain, therefore, somewhat more defi- 
nitely than has hitherto been done, the nature and extent of this 

risk, I have caused the following experiments to be tried at 
Woolwich since my last Report, with a view to bring the explo- 
sive forces of different mixtures of carburetted hydrogen and 
atmospheric air into a comparison with gunpowder. 

The results are as follow :—The following mixture was fired 
from a cylinder constructed for this purpose, to project a ball 
weighing 7 Ibs. 2 0z.; the cylinder being suspended by a pen- 
dulum, to measure the degrees of recoil. 

' First experiment. Feet,|“*¥er98e recoil 

Carburetted hydrogen, 288] 
cubic inches, and 1,440 
cubic inches of common 
air, being in the propor- 
tion of one-sixth of hy- 
drogen to five-sixths of 
atmospheric air, were 
fired. 

Gunpowder (8 drachms)) Average range 
} } 77 | 64 

> on an average 
Ranged the ball, 

} 94 |. 64° 
of three rounds. 

was found to produce of the same 
nearly the same effect. ball. 

It appears, therefore, that mixed in this proportion, viz. one- 
sixth of carburetted hydrogen to five-sixths of common air, one 
cubic foot of this gas would be equal to three ounces of gunpow- 
der; that 480 cubic feet are, therefore, equal to one barrel; and 
that the contents of one gasometer of 15,000 cubic feet are 

of cylinder. 
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equal to 31 barrels. Fifteen such gasometers, therefore (the 
number in Peter-street), would, with this mixture, produce a 
force equal to that of 465 barrels of gunpowder. 

A second experiment was subsequently made with a greater 
proportion of the carburetted hydrogen. | 

Second experiment. Feet. gine ig 

346 cubic inches of carbu- ] 
retted hydrogen, and | Average of three 
1,382 cubic inches hy rounds with he} 158 76° 

same ball. 
common air, being one- 
fifth to four-fifths were 
fired. 

16 drachms of gunpowder 
were found to produce | Ditto, ditto, 113 74 
nearly the same effects. 

One cubic foot, therefore, of gas, mixed in this proportion, 
would give an explosive force equal to five ounces of gunpow- 
der, or 288 cubic feet equal to one barrel ; one gasometer, there- 
fore, of 15,000 cubic feet so mixed, would be equal to 52 bar- 
rels and a quarter, and 15 such gasometers to 783 barrels and 
three-quarters of gunpowder. 

For the mere purpose of determining the risk of large accumu- 
lations of carburetted hydrogen gas, it was evidently unneces- 
sary to try any further experiments, since it was thus proved, 
that if by any accident the contents of one of the gasometers in 
Peter-street were to be supposed to have escaped into the gaso-: 
meter-house, so as to form a mixture with the surrounding 
atmosphere, in the proportion of one-fifth of gas, an explosive 
mixture would be created equal to upwards of 50 barrels of gun- | 
powder ; and that if the contents of the whole of the gasometers 
at this station could be supposed to have escaped in like-man- 
ner, an explosive force equal at least to 700 barrels might be 
created ; and that on the same principle, the entire leakage of 
one of the large gasometers of 39,000 cubic feet in Dorset-street, 
might produce an explosive mixture equal to about 135 barrels 
of gunpowder. 

It is true, that in the ordinary condition of the carburetted 
hydrogen contained in the gasometers, it is not explosive ; it 
wants the admixture with common atmospheric air to make it 
so; but then it must not be forgotten, that this requisite ingre- 
dient is the circumambient atmospheric air, that surrounds the 
gasometers, and is in constant contact with every part of them, 
so that the union of the two ingredients in certain dangerous 
proportions may always be effected, either internally or exter- 
nally, by unforeseen accidents ; as the destruction of a gasome- 
ter by lightning, producing both the mixture and the ignition at 
the same moment ; the same by the burning of the gasometer- 

New Series, vou. v. 2r 
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house ; by the oversetting of a gasometer, from the breaking of 
its chain of suspension, an accident which lately happened at 
Brighton, and which kas happened also by the bursting of the 
tank in which the gasometer floats. The constant leakage of 
an old gasometer is also a probable cause of explosive mixture. 
At all events, these are evidently probabilities of accident quite 
sufficient to show the absolute necessity of the utmost vigilance 
and precaution. 

But even supposing this mixture not to take place, I appre- 
hend that serious consequences might attach to the mere inflam- 
mation and combustion of a large deposit of inflammable air, 
even in an unexplosive state. 

It appears to me, that such a combustion, by lightning or 
otherwise, would produce very destructive effects to the neigh- 
bouring buildings, and gasometers, merely by the sudden rarifi- 
cation and expansion of the air caused by it, and would, in fact, 
produce a violent detonation and concussion, without supposing 
any combination of oxygen and hydrogen, but merely by the 
simple conflagration of the hydrogen; under these cireum- 
stances, and especially with reference to the experiments made 
at Woolwich, by which it appears, that the explosive force is 
greater than has usually been assigned,* I shall feel it right in 
concluding this Report, distinctly to point out such precautions, 
in this and in other respects, as | think ought to be enforced for 
the security and convenience of the public. 

In viewing the probable causes of disappointment to the pub- 
lic which might occur from the want of the due management of 
this now greatly extended concem, I have been induced to make 
very particular inquiries as to the probability of the stoppage of 
the pipes, by which the gas is conveyed to the different parts of 
the metropolis. The result is certainly satisfactory, as I find 
that in the cast iron pipes or mains not the smallest deposit or 
corrosion takes place; there is, however, a very considerable 
tendency to stoppage in the service pipes, which are made of 
wrought iron, insomuch, that many of these pipes have been 
found completely choaked up in four or five years use. 

The pipes, also, in the interior of the shops and houses, and 
for the immediate conveyance of the gas to the lamps, which 
pipes are generally made of copper, are liable to stoppage by 
internal corrosion. The wrought iron service pipes may, how- 
ever, be conveniently replaced by lead, which is not subject to 
this deposit, and the copper pipes by those of block tin, both 
of which have been so used with good effect. 

It is satisfactory, therefore, to observe, that that which would 
be a general and extensive evil (if there existed any liability of 
stoppage in the mains), has no existence at all, while that which 
is comparatively a less evil, being merely partial, may be easily 

: i Probably from the experiment having been made on a larger scale than any before 
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remedied, by the substitution of one material for another. 
These are, therefore, points to which the attention of all the 
companies should be directed. _ 

It is further also to be observed, that as the deposit by which 
these pipes are liable to be stopped, is a sulphate either of iron 
or copper, this evil may be greatly diminished by the greater 
purity ofthe gas. 

This, therefore, becomes an additional reason for urging the 
utmost attention to the process of perfectly purifying the gas 
previously to its entering the pipes, independent of many cther 
advantages, such as the diminution of its offensive odour in every 
part of its course and application, and of the mischief which 
occurs to gilding, furniture, &c. in the rooms in which impure 
gas is burned. 

Regulations which it appears important to enforce. 

Enough has already been stated on the probability of accident 
and the extent of danger, to prove the necessity of enforcing 
certain restrictions as to the quantity of gas suffered to be accu- 
mulated within a given space; by which restrictions not only 
the size of the gasometers hereafter to be constructed, or the 
quantity of gas to be allowed to be admitted into those already 
constructed, shall be limited, but by which also the proximity of 
these gasometers to each other shall be regulated, as well as 
their distance from any inhabited buildings. I shall now, there- 
fore, proceed to the consideration of these restrictions. 

Much unwarrantable and inconsiderate extension has pro- 
ceeded in all these respects since the first Report of the Royal 
Society on this subject in 1814; and it may not now be practi- 
cable, without exceedingly embarrassing the companies, and, 
consequently, inconveniencing the public, both as to the price 
and as to the supply of gas, to make any immediate reform; but 
I have no hesitation in saying, that the gasometers now gene- 
rally in use contain a much greater quantity of gas than can be 
accumulated with perfect safety ; and that they are placed much 
too near to each other, and too near to some of the most popu- 
lous parts of the town. 

The recommendation contained in the Report of the Royal 
Society in 1814, limited the size of the gasometers to 6000 cubic 
feet ; the expense, however, attending this limitation, from their 
contents being so small in proportion to their surfaces, is such, 
that I conceive it might be expedient to seek for an equivalent 
security by other precautions, and to allow a greater latitude as 
to the magnitudes of the gasometers. Taking, therefore, ample 
space around each gasometer, I do not know that there would 
be much to apprehend from the use of gasometers measurin 
about 20,000 cubic feet, and working between 15,000 and 20,000 
of these feet ; but with such quantities in each, I am decidedly 
of opinion, that these we ye: should not be placed nearer 

25 
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to each other than 40 feet, or about a diameter of one of the 
gasometers ; and that if they are nearer, a strong brick traverse 
should be immediately erected between them, similar to those 
used in the powder works at Waltham Abbey. I am decidedly 
of opinion also, that these gasometers should not be suffered to 
exist nearer than from 50 to 100 yards to any dwelling-house, 
without being similarly traversed. 

But under such restrictions, I should consider the safety of the 
town as well provided for in respect of the gas works, as by that 
regulation relative to the quantity of gunpowder allowed to be 
stored in any warehouse, which limits that quantity to two > 
barrels. 

In carrying this restriction, as to the size of the gasometers, 
into effect with as little inconvenience as possible to the com- 
panies, I should recommend, as the readiest and cheapest mode, 
that where larger gasometers exist, their altitudes should be 
diminished, or, at least, that they should not be allowed to work 
these gasometers above a certain altitude; and that if the 
expence of reducing their depths were desired to be dispensed 
with, some permanent stop should be applied to them to prevent 
their rising above a certain height, so as to contain more than 
the limited quantity of gas. I should recommend also, that 
where these gasometers are, as in many of the establishments is 
the case, nearly close to each other, every other one should be 
taken out and removed to a distance ; nor need this involve any 
necessary increase of ground on the spot where the gasometers 
are now placed (the purchase of which, in some cases, might be 
impracticable), but merely a removal of these gasometers to a 
distance ; the communication with the retorts, &c. being, as it 
may be, without difficulty, effected (and as, in fact, it now is at 
the South London Works), at a distance by pipes under ground, 
T should also recommend, that a general regulation should be 
enforced to prevent any gasometer being placed within 50 yards 
of any retort or other part of the works in which fire is used. 
Such appear tome to be the principal regulations necessary as to 
the size and situation of the gasometers; and it was on these 
principles, in a reference lately made to me by the Lords Com- 
missioners of the Treasury, of an application from the Imperial 
Gas Light and Coke Company, for permission to purchase an 
additional quantity of land, that I recommended that this per- 
mission should be granted, although it had, in passing the Acts 
of Parliament, been considered desirable to limit the grants of 
lands, that the works might not be erected on too large a scale. 
My view of this subject is, that it may be quite right to limit 

the quantity of gas generated in particular works; but that I 
certainly would not limit the quantity of ground on which the 
apparatus, for its generation, is to be erected. 

With reference to the particular construction of the gasome- 
ters and gasometer houses, from all that 1 have been able to 

a a Der 
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ascertain, I should recommend that the gasometers should be 
erected in the open air, or, at all events, with the slightest and 
most ventilated covering possible, seeing that there is much 
greater chance of explosion in the gasometer house, where a 
very small leakage of gas from the gasometer, may produce the 
explosive mixture, than in the gasometers themselves, into 
which large portions of atmospheric air must find their way to 
create danger; and this I am the more induced to recommend, 
since I find that a remedy has been devised for all the inconve- 
niences that might otherwise be apprehended by the intervention 
of a small regulating gasometer between the principal gasome- 
ters and the mains, as already stated ; an arrangement which, it 
appears to me, ought to be generally adopted, as it would also 
be attended with other good effects, in addition to those above- 
mentioned; among which mav be noticed the prevention of 
accidents from the irregular flaming of the lamps in shops, and 
especially that very serious cause of accidents in such situations, 
which was noticed in my first Report as being likely to occur 
from the falling of a gasometer at work, supposing its chain to 
break, by which, in the present state of the works, the flame of 
the lamps connected with that gasometer would, on a sudden, 
be made to blaze up to so great a height as could not but be 
attended with the most serious consequences in a great variety 
of situations ; all of which accidents would be entirely prevented 
by the regulation in question. 

In the foregoing general observations, | have stated the liabi- 
lities to stoppage by corrosion, which exists in the wrought iron 
service pipes in the streets, and also in the copper feeders in the 
inside of the houses; and I have there mentioned the facility 

' which, fortunately for the perfection of this system, exists, of 
getting rid of this inconvenience by the substitution of leaden 
and block tin pipes ; I shall now add, as an important regulation 
for the general adoption of which, I conceive, the government 
should exert its authority; that all the gas pipes, whether mains 
or services, ought to be laid in a bed of clay, firmly rammed 
round the pipe. The necessity of this regulation not only mani- 
fests itself constantly in walking through the streets of the 
metropolis, from the frequent recurrence of offensive smell aris- 
ing from the leakage of the pipes; but was clearly proved by 
the accident which happened in the wine vaults under the arcade 
of the Opera House, into which the gas had found its way from 
a leak in a service pipe passing over the crown of this vault, 
though no gas was laid on in any part of the premises. The 
recurrence of much accident, and the general nuisance above 
stated, would be effectually guarded against by this coating of 
clay round the pipes ; in addition to which, a saving of gas now 
lost by leakage, would ultimately accrue to the companies. The 
expense, in the first instance, might be considerable, and, it is 
to be regretted, that it was not originally attended to, because it 
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would not certainly be now advisable, generally, to break up the 
streets for that purpose; but I should distinctly recommend, 
that whenever new pipes are laid, or old ones exposed for repair 
or otherwise, this measure should be universally enforced. 

There is another subject to which I feel it right to call the 
serious attention of the government, conceiving that some gene- 
ral regulation in this respect would be a material benefit to the 
ublic, as well as to the companies. 
I allude to the limitation of particular districts to particular 

companies ; at present, as may be seen by the accompanying 
plan, the mains of more than one of the first-formed companies, 
principally the London and City of London Gas Light Compa- 
nies, are carried into the same district, and indeed in many 
places into the same streets, lanes, and even alleys, so that 
adjoining houses, in the most confined situations, are frequently 
supplied by different companies, the pipes of these different 
companies intersecting and mixing in a very complicated 
manner. 

From this it frequently happens, that in case of the nuisance 
of leakage, it is unknown from what pipes this nuisance proceeds. 
A hesitation is thus, therefore, constantly manifested as to which 
company is to open the ground ; disputes arise, and much delay 
and inconvenience is the consequence, not only from the nui- 
sance being thus prolonged, but from the more frequent breaking © 
up of the pavement, naturally arising from a double set of mains 
and services than if only one set were allowed in the same dis- 
trict. 

The only argument, as it appears to me, that could be adduced 
against this limitation, would be as to any supposed effect that 
might arise from the encouragement of the competition of differ- 
ent companies in keeping down prices ; but this objection I 
apprehend may be settled, by regulating the general prices with 
less uifficulty than exists in the present state of the supply. 
And this regulation of prices, as I have already stated, is one of 
the advantages that may be fairly calculated upon as an early 
result from the due exertion of the control of the government. 

Some of the companies, from the complaints, disputes, and 
other inconveniences, attending the present arrangement, are 
very desirous of entering into a compromise for the limitation of 
their districts, and have offered an exchange of mains, &c. value 
for value ; and I must confess that it appears to me advisable, 
that a general regulation on this subject should be adopted as 
soon as possible. The latter charters indeed have proceeded 
upon this principle. The Imperial Company, for instance, is 
thus limited to particular districts, and those-districts are exclu- 
sively granted to them. 

I shall now only state one more regulation, which I think it 
would be very important to have enforced, that not only should 
accurate plans of the present actual state of all the gas works 
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in the metropolis be transmitted to the person charged with the 
general inspection of them, but that no new work, nor any exten- 
sion of old works, should be proceeded upon until regular plans 
of them shall have been laid before the inspector, and until the 
sanction of the Secretary of State shall have been precured by 
him for their proceeding. 

It is but right that I should take this opportunity of stating, 
that I have received every facility and attention on the part of 
the directors of the different companies to my requests for infor- 
mation; but I have not yet been favoured with plans, such as 
those above-mentioned, without which it is impossible to enter 
with that accuracy into all the details of such a survey, which 
the magnitude, risk, and general importance of these works 
demand. It is indeed evidently the interest of the companies 
concerned, to furnish as early as possible, before they under- 
take new works, plans of their intended operations, inasmuch as 
prevention is better than remedy, and that it is easier to make 
alterations in a drawing than in a building; nor can I refrain 
from repeating, that it is much to be regretted that such an 
arrangement was not long since carried into effect, as the tho- 
rough security of the town and the perfect organization of the 
system might have been insured, at a much less expense to the 
companies than will now be ultimately required. 

On this part of the subject it remains only that I should state, 
that having thus far, at the request of the government, devoted 
myself to the consideration of this important public concern, I 
am ready to proceed in giving my best assistance in seeing that 
those preventions, which I have suggested for the safety of the 
metropolis, are properly carried into effect, in the performance of 
which I should feel it incumbent upon me, equally upon public 
grounds, to consult the interests and accommodation of the 
companies as far as it could consistently be accomplished with 
reference to the primary object, the convenience and security of 
the public. 

On the subject of the coal gas works, it remains only to be 
observed, that there are several private gasometers erected for 
the lighting of manufactories and other buildings, where the 
operation is confined entirely to the particular premises, such as 
the Royalty Theatre, Messrs. Ward and Ainger’s, south side of 
Blackfriars-bridge, and many others. 

There are other coal gas works also formed, not only for the 
purpose of lighting particular premises, but which extend 
their operations by the sale of the gas for lighting the neigh- 
bouring buildings also. ‘ 

And there are other private establishments created entirely 
for the sale of coal gas to the public. The mains of some of 
these works extend to very considerable distances. The Rat- 
cliffe Company, for instance, have three gasometers, and have 
brought their mains nearly up to the Tower of London. | Ano 
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ther of these factories is formed at Poplar, and another in Cro- 

mer-street, Brunswick-square, | 
It does not, however, seem necessary that I should now go 

into any further details respecting these works, though it. is 
important that I should state that they have been established 
entirely without Act of Parliament or other licence, and that it 

appears to me, as these works are liable to accident and nui- 
sance, as well as those carried on upon a larger seale, though 
not, perhaps, the same extent, that they ought also to become 

the object of such rules and regulations as the government may 
deem it expedient to determine upon for the conduct of the 

principal works—and that no gas works whatever should be 
allowed to be formed without a licence in the first instance, and 

without being subjected to subsequent inspection and control. 

Oil Gas Works. 

I ought not to close this Report without adding a few words 
more on the subject of oil gas, although there is no part of the 
application of this modification of the system, which at present 
regularly falls within the scope of this Report. 

I am sorry to say, that but little extension in this branch of 
the gas lights has taken place in the metropolis since my last 

Report, although it has been adopted by some of the largest 

provincial towns, namely, Liverpool, Plymouth, Cambridge, and 

Taunton, and, as I understand, Dublin also. 

In London one public company* only has been established, 
which is situated near Old Ford; these works consist of one 

gasometer, 30 feet in diameter and 12 feet deep, supplied by 
12 retorts, of which, however, not more than three or four are 

at present kept in action, as the quantity of gas consumed 
does not exceed 6,000 cubic feet daily. 

These retorts are charged only once a day, a continued small 
stream of oil being kept constantly dropping into them. 

One gallon of oil is calculated to produce 100 cubie feet of 

as, the illuminating power of which is stated to be equal to more 
than 30C cubic feet of coal gas. 

The oil gas requires only to be passed through a cistern of oil 
for its purification, The oil undergoes no change in the process, 
so as to deteriorate it, or render it offensive, like the lime water 

used in the purification of coal gas, neither is there any residuum 
left in the distillation by which a nuisance can be created. 

Oil of any inferior description is capable of producing good 
gas, though some of the vegetable oils are the best. 

About seven miles of main are attached to these works, run- 

ning from the London Hospital, Whitechapel, to the four mile- 

stone, Stratford. 

* The capital granted to this company by Act of Parliament is 10,0000, of which 
60001, has been already raised, 



1823,] Gas Light Establishments, 425 

Each house served with this gas is furnished witha ‘small 
gasometer, to measure the quantity of gas consumed, for which 
the consumer pays at the rate of 5s, for 100 feet. 

There can be no doubt that the light thus produced by oil 
gas, taking the different intensities into the account, is much 
cheaper than that produced by the direct burning of oil; nor 
indeed is the expense of oil gas greater than that of coal gas, if 
we admit the intensity of its light to be three times that of an 
equal quantity of coal gas, or that one burner supplied with oil 
gas 1s equal to three with coal gas. 

The charge for 1000 cubic feet of coal gas is 15s.; and the 
expense of 3000 feet of coal gas, therefore, is 45s. which is stated 
to be scarcely equal to 1000 cubic feet of oil gas costing 50s.; 
now if the values in proportion to the light obtained thus nearly 
approximate, it certainly appears to me, that the oil gas must be 
nearly, if not quite as cheap, taking into the account the great 
reduction in the first outlay for the apparatus required for gene- 
rating the oil gas, compared to that required for the coal gas, 
and reckoning also the difference in the required size of the 
mains. And indeed the extensive introduction of this system 
into the provincial towns now going on, is to my mind a con- 
vineing proof of the correctness of the foregoing statement, and 
makes it only matter of greater surprise to me, that so little has 
yet been done as to the public use of oil gas in the metropolis, 
the more especially when its greater security, from the reduced 
quantity necessary for a given light, its greater purity, and less 
offensive smell, are taken into consideration. 

I must not, however, omit to say, that an oil gas company, 
called The Portable Oil Gas Company, is about to be formed in 
London. The principal object of this company is to supply 
detached houses with this gas, in situations where no mains are 
laid down. For this purpose strong copper vessels are prepared 
of different dimensions, in which the oil gas is deposited by com- 
pression ; so that a vessel of one cubic foot has been made to 
contain 16 cubic feet of this gas; and if each cubic foot of this 
gas is supposed to be equal to three cubic feet of coal gas, then 
would such a vessel contain oil gas sufficient to supply one lamp 
for nine hours. 

The idea is in some cases to attach a vessel containing a con- 
siderable supply on this principle to small feeding pipes leading 
to fixed lamps in different parts of the building; and in some 
cases, to have the reservoir containing the condensed gas, made 
part of a movea‘le or portable lamp. 

The first of these modes seems to me most likely to be useful, 
limited, however, as above-mentioned, to situations where no 
mains are laid on, and where it is desired to avoid the trouble of 
generating the gas on the spot. 

The latter seems to be still more limited in its application, as 
few moyeable lamps could be conveniently constructed, which 
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would allow of a reservoir being attached to them sufficiently 
capacious for general uses. 

hese plans are certainly very ingenious, though it cannot be 
denied that there must be considerable inconveniences and 
expenses attaching to the constant removal of the reservoirs 
between the factory where the gas is to be generated and com- 
pressed, and the house where it is to be consumed; neverthe- 
less, I am informed, that a considerable capital has been already 
subscribed to carry the project into effect. 

To this spirit of enterprise it must be left to overcome the 
difficulties of the undertaking; I have only to consider the 
danger ; and to this, as the scheme advances, it will be my duty, 
or the duty of whoever undertakes this inspection, to look 
seriously and to call the attention of the government; for here 
unquestionably we find introduced a new description of danger 
altogether ; in the highly compressed state into which it is 
found necessary for the sake of portability to condense the gas. 
There is evidently some risk in forcing 16 atmospheres into alight 
copper vessel, when quite new; but when such vessel has been 
long in use and long strained by the constant efforts of the con- 
fined gas, the danger of its bursting must be considerably 
enhanced. 

Precautions may it is true be taken to render an explosion as 
little mischievous as possible, and the vessels may be calculated 
of ample strength in the first instance; yet it is difficult to 
ascertain the probable effects of accidental explosion, or the 
constant strength of materials, and more especially where the 
compression first given to the gas is hable to subsequent increase 
by heat. 

With respect to the oil gas it remains only to be stated, that 
though so little extension of it in public works has taken place 
in the metropolis, its use has been considerably advanced in pri- 
vate establishments ; and [ shall conclude by offering it to con- 
sideration, how far all these applications of this gas, as well as of 
the coal gas, ought to be subjected to some sort of licence and 
regulation. WiiiiamM ConGREVE. 
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ARTICLE V. 

On the Development of Electromagnetism by Heat. By the Rev. 
J. Cumming, MA. FRS. and Professor of Chemistry in the 
University of Cambridge. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, Cambridge, April 30, 1823. 

Tue following, selected from some experiments which were 
the substance of a paper read at the last meeting of the Cam- 
bridge Philosophical Society, as, I believe, they are new, will, 
I hope, be found interesting to your readers. 

Ali the metals, not excepting fluid mercury, produced a devia- 
tion on the magnetic needle of a galvanoscope, provided the 
extremities of the metallic bars employed were at different tem- 
peratures. 

It was indifferent whether the connecting wires were united 
to the bars by soldering, rivetting, or simple contact. 

Bismuth and antimony (the metals which seemed most 
efficacious) gave with copper wires, deviations in opposite 
directions. 

A bar of bismuth four and a half inches long, half an inch 
broad, and one-eighth thick, gave a postive deviation of 21° on 
a compass needle, four and a half inches long, at the melting 
point of bismuth ; at 180° and 100°, the deviations were respect- 
ively 12° and 5°, the cooler end being constantly at 60°. 

A similar bar of antimony, with the utmost heat of a spirit- 
lamp, gave a negative deviation of 19°. 
When a few drops of ether were made to evaporate from one 

extremity of these bars, the other being kept at a constant tem- 
perature of 60°, deviation was produced, but, of course, in the 
opposite direction. 

A slip of palladium, weighing 35 grains, having silver wires 
rivetted into it, when made red-hot at one extremity, gave with 
a small compass needle a deviation of 70° positive ; with platina 
wires 10° negative. 

A similar skp of platina with silver wires gave a positive 
deviation of 65° ; with platina wires 4° negative. 

A bar of zinc cast upon copper wires gave a negative devia- 
tion of 45°; the same bar with zinc wires gave a deviation of 
2°; with silver wires a deviation of 2°; and with iron wires a 
deviation of 3°, all positive ; but with platina wires a deviation 
of 50° negative. 

A copper bar with zinc wires gave a deviation of 20°; with 
copper wires a deviation of 10°; and with silver of 30°, all posi- 
tive ; but with platina wires a deviation of 18° negative. 

A small silver bar with silver wires gave a positive deviation 
of 20°; but with platina wires 50° negative, both at a red heat. 
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A brass bar with platina wire gave 10° negative deviation ; 
with silver wire 20° positive ; with brass wire 15°, and with zinc 
wire 25°, both positive. 

_ An iron bar with brazed copper wires, and the heat of two 
lamps, gave 45° of negative deviation ; it likewise deviated nega- 

tively with wires of platina. 
Two connecting wires, each composed of a platina and a 

silver wire soldered together at one of their extremities, were 
rivetted into a copper bar: when the silver ends were rivetted 

to the bar, the deviation was positive ; when the platina, nega- 

tive; but when the platina ends were shortened to half an inch, 
the deviation again became positive, 

Quicksilver inclosed in a glass tube, eight inches long, and 
half an inch in diameter, with copper wires, gave at the temper- 
atures 170° and 115° the corresponding deviations 8° and 3° 
with the small compass. 

A double bar, eight inches long, composed by soldering 
together at the middle a bar of bismuth and another of anti- 
mony, when heated at both extremities, and kept at a tempera- 
ture of 60° in the middle, gave a deviation of 36° with the large 
compass at the melting point of bismuth. 

An alloy of bismuth and antimony gave with the large com- 
pass a deviation of 3° negative; on continuing the heat it 
returned to zero, and at the melting point of the bar, it became 
4° positive, 
A bar of bismuth, six inches long, was broken into two 

a be d 

parts; | | |, ab andecd of two 

inches and four inches in length, and soldered together again 
with a thin plate of copper interposed. When heated at a orc, 
the deviation was postiive ; and when at b or d, was in the oppo- 
site direction; but when the bar was unbroken, the deviations 
had been in the same direction, whether the heat were applied 
ata, b, orc, 

A rod of bismuth having wires soldered to it in different 
parts of its length, the included portions being alternately hot 
and cold, exhibited as many poles as there were wires. 
Two bars, whose deviations were respectively 20° and 16°, 

when connected in sequence gave a deviation of 23°; the devia- 
tion was not so great when the hot and cold ends were con- 
nected respectively. 
A battery of eight bars produced some, but not a consider- 

able increase of power. 
A bar which produced a deviation of 20° with four feet of 

copper wire, of 1-21 ofan inch diameter, gave with 8, 16, and 32 
ie of the same wire, corresponding deviations of 154°, 10°, 
and 7°. ; 

With eight feet of copper wire, of 1-37th inch, the deviation 
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was 64°; with the same length of platina wire of 1-100th inch, 
not more than 1°. 

With four feet of copper wire of 1-12th inch, the deviation 

was 21°, and was not increased by using two such wires. 

In all these experiments, the deviation was in the same 

direction throughout every part, both of the bars and of the 
connecting wires. 

No difference of effect was observed, whether the bars were 

after fusion cooled slowly or rapidly. 
The effects were not materially increased by increasing the 

dimensions of the bars, or of the surfaces in contact. 

A tourmaline, which by heat exhibited the opposite electric 

states very strongly, produced no deviation on the magnetic 

needle, when its ends were connected with the gaivanoscope by 

silver wires coiled round them. ; 

For a comparison between the electromagnetic effects as 

produced by heat and by the usual process, it was observed that 

rods of zine and copper, each 7-10ths of an inch in diameter, and 

distant 4-10ths, when excited by equal parts of muriatic acid 

and water, produced a deviation of 27° on the large compass ; 

and rods of 3-10ths distant 3-10ths inch, gave 40° with the 

smaller, Believe me, dear Sir, 
Very sincerely yours, 

J. CUMMING. 

RE 

ArTIcLE VI. 

Experiments to determine the Practicability of an Operation for 
Phthisis Pulmonalis, proposed by Dr. Carson. By David 
Williams, MD. 

(To the Editor of the Annals of Philosophy.) 

SIR, Liverpool, May 4, 1823. 

Tue following experiments were instituted from a desire to 

examine a very important physiological hypothesis, advanced 

by Dr. Carson. That gentleman has published a pamphlet,* 

consisting of three essays : one, on the Elasticity of the Lungs ; 

another, on the Vacuity of the Arteries after Death ; and the 

third, on Lesions of the Lungs. In the second, or that on the 

Vacuity of the Arteries after Death, he relates two methods 

that he adopted for killing animals, by admitting air through 

different parts of the parietes of the chest into both its cavities 

simultatieously, thereby collapsing the lungs. One method was 

by making an opening of about an inch in length between a pair 

of the ribs on each side of the thorax. The other was by making 

* Essays, Physiological and Practical, By James Carson, MD, 
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an opening fit to admit his two fingers from within the abdomen, 

through the muscular part of the diaphragm on each side: 

instantaneous death was the result of the latter method in all his 

trials. In the former, death was not less certain, though a little 

more tedious ; the life of one animal only (a large dog) was pro- 

tracted so long as twenty minutes. In his third essay, or that 

on Lesions of the Lungs, Dr. Carson details an experiment per- 

formed on three rabbits as follows: An incision was made 

between two of the ribs on one side into the cavity of the 

chest, the air was freely admitted, and he concluded that the 

lung must have been reduced to a state of collapse. The wound 

was then allowed to close and heal. At the distance of five 

days, a similar opening was made into the cavity on the opposite 

side, when one out of the three rabbits soon expired after the 

second operation. Dr. Carson inferred from the results, that it 

is possible to collapse one of the lungs, and to retain it in that 

state, ad libitum, by keeping open the communication between 

the cavity of the chest and the external air; and further, that 

upon allowing the opening to close, the lung in a given time 

will recover: its wonted function, thereby rendering it prac- 

ticable, when conceived necessary, to place the opposite lung 

under the like discipline. Dr. Carson has very ingeniously pro- 

posed the application of his views to the cure of one of the most 

frequent and fatal of diseases, phthisis pulmonalis ; and ina 

single instance, he has reduced his hypothesis to practice, by 

sanctioning the operation upon a patient in this town. 

It will be, perhaps, rather difficult to reconcile with the 

above, the results of the following experiments : indeed had I 

not been indulged with the presence of medical gentlemen at 

several of them, I should have felt some scruple in giving them 

publicity. All the subjects of my experiments were dogs. The 

first four noticed had their os humeri secured to the rings of 56 

pound weights ; their hind legs were well extended, and fastened 
to similar weights; so that they were retained nearly in their 
natural standing position, which preserved to them, ina great 

measure, the use of their auxiliary respiratory powers. 

Exper. 1.—An opening to the full extent of an inch was made 
into the left cavity of the chest, between the sixth and seventh 

ribs, midspace, betwixt the spine and sternum. At each inspi- 

ration, the lung was partially inflated, and was distinctly seen 
beneath the orifice, and at a little distance from it. At each 

expiration, it evidently contracted, and its lower thin margin 
was thrust outward through the aperture, with great force and a 
peculiar noise, caused by the protrusion, and an exit of a portion 
of the air. The breathing was distressed when the lung pro- 

truded, but as soon as the wound was allowed to contract, it 
became more tranquil. The right cavity was in like manner 
opened, and the same phenomena were observed. When both 
apertures were kept wide open, the breathing was very laborious 
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and distressing, which did not arise altogether from the presence 
of air in the cavities, but principally from the violent protrusion 
of the inferior margins of the lungs, because the instant the 
openings were permitted to contract, so as to prevent that acci- 

dent, respiration became more easy. About ten minutes after, 
the second opening was made, before the lips of the wounds 
were brought together. Thedog, when let loose, walked, was 
weak, but breathed easy; would taste nothing until the next 
morning, when he appeared lively, took his food, and regained 
his strength daily. The uinth day after the operation, he was 
hanged, and the trachea tied, to prevent the collapse of the 
lungs, on opening the chest. Dissection: no morbid appear- 
ance in the cavities of the chest ; the wounds were healed inter- 
nally, but not quite externally. The lungs did not reach by two 
inches the lowermost part of their cavities, nor did their bulk 
appear equal to the filling of the other parts of their cavities. 

Lxper. 2.—Dr. Traill, Mr. Christian, and Mr. Dawson, sur- 
geons, were present. The operation was performed in the same 
manner as the first ; the openings were better than an inch in 
length : both lungs wounded in the operation in consequence of 
the dog struggling (his hind legs not being sufficiently extended). 
The lungs did not protrude, but the wounded part of the one 
that was most seriously injured by the knife was observed to 
present itself at each expiration opposite the aperture. Willa 
wounded lung protrude under every circumstance that a sound 
one will? The above medical gentlemen were convinced that the 
lungs only partially contracted, and that they were not in a 
quiescent state, but that respiration more or less oppressed, 
according as the openings were expanded, continued uninter- 
ruptedly during the experiment. A silver catheter introduced 
into the chest was moved about by the alternate contraction and 
distension of the lung. The dog was detained with both aper- 
tures wide open for the space of five minutes ; then untied, with- 
out bringing the edges of the wounds together. He was rather 
lively, shook his tail, drew himself upon his belly along the 
floor, then lay down on one side, and contracted himself, as if 
to close the openings; whether it was instinct or accident that 

induced him to choose that position, it certainly had that effect, 

thereby enabling him to breathe easier; though his breathing, 

after he was let loose, did not appear much distressed, his 

strength was considerably exhausted. . About an hour after, the 
edges of the wounds were brought together; during the inter- 
mediate hour, the external air communicated with the cavities. 

Ile refused his food until next day, when he recovered his appe- 

tite, and regained his strength apace. The fifth day after the 

operation, the dog was hanged. Dissection: the internal edges 
of the wounds healed ; the left lung had a deep plum-coloured 
circular spot, as Jarge as the circumference of a crown piece, 
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surrounding the wounded part, which was quite healed. On 
making an incision into the discoloured portion, it was found 
gorged with blood, without any apparent disorganization, and 
appeared in a fair way of regaining its natural state. A similar 
spot surrounding the wounded part was observed on the right 
lung, but smaller; that wound was also healed, no adhesion or 
extravasation in either cavity. Absorption must have been very 
rapid, asa considerable effusion of blood into the left cavity had 
taken place during the operation. 

Exper. 3.—In the presence of Drs. Jeffreys, Jardine, Nichol- 
son, and Messrs. Blackburn and Jones. An opening of an inch 
and a half in length was made between the sixth and seventh 
ribs on both sides of the thorax, of a middle-sized cur. The air 
had free ingress during inspiration; and at each expiration, it 
rushed out, the lungs frequently protruding, when not prevented 
by the examinations of the above medical gentlemen. The 
breathing was much distressed; the animal was kept on the 
table for five minutes, after both the openings were made ; when 
let loose, he walked about, apparently but little affected, the air 
passing in and out of the cavities. At the expiration of ten 
minutes from the time he was liberated, the apertures were fully 
distended, and retained so by applying and pressing a finger at 
the extremity of each of them, which effectually prevented the 
ribs from approaching each other; in fact, in my opinion, they 
were fixed. The death of the animal took place in less than two 
minutes. To what extent the auxiliary respiratory organs were 
impeded in their action by the two ribs on each side being 
retained asunder, I cannot say ; but if they were impeded, and 
I think it is evident that they were, the death of the animal natu- 
rally must have been accelerated. 

Exper, 4.—In the presence of the same gentlemen as wit- 
nessed the latter. A small opening was made into each cavity 
of the chest of a bull-dog in the intercostal spaces, and a full- 
sized clyster-pipe introduced into both apertures, which were 
retained for half an hour in an oblique position, their internal 
ends pointing towards the upper part of the thorax; during 
which time air freely passed inwards and outwards. The animal 
was occasionally distressed in his breathing, when he would 
struggle and contract so as to force out as much as possible the 
air in the bags of the pleuro; then he would make a quick and 
full inspiration, by which he was considerably relieved. After 
regaining his liberty, he seemed but little injured by the ope- 
rations. 

Exper. 5.—An opening five inches in length was made 
between the sternum and symphysis pubis into the cavity of the 
abdomen. The diaphragm appeared tense, and the action of its 
fibres were visible, but confined, from the very great pressure 
required to prevent the protrusion of the intestines, &c, The 
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violent thrusting outward of the contents of the abdomen was 
principally, if not entirely, occasioned by the action of the 
diaphragm, for the force of the protrusion diminished as soon as 
its action was obstructed on one side of the mediastinum, and 
ceased when it took place on both sides. With a little difficulty 
an opening about an inch in length was made into the left cavity 
of the chest through the muscular part of the diaphragm, three 
inches below its attachment to the ribs. When the air rushed 
in, the diaphragm on that side became relaxed, and its action 
not only obstructed, but its irritability to all appearance sus- 
pended. A portion of the diaphragm jutted out towards the 
abdomen, and formed a pouch, with the aperture in its centre, 
A similar opening was made into the right cavity of the chest, 
followed by the same effects. An ivory tube, 3-10ths of an inch 
in diameter, was repeatedly introduced into each aperture. The 
diaphragm seemed to be altogether guided by the action of the 
contiguous parts, and by the pressure and passage of the air 
modified by respiration; at each inspiration it was drawn 
towards the chest, and expanded by the dilatation of the thorax, 
but its expansion was not sufficient to obliterate the pouches 
before noticed, which was a strong proof, together with the 
quiescent state, compared with the previous violent thrusting 
outwards of the contents of the abdomen, of its paralyzed condi- 
tion. Is it not likely that in many wounds penetrating into the 
cavity of the abdomen, unaccompanied with thrusting outwards 
of its contents, that the diaphragm is wounded? At each expi+ 

ration, the diaphragm was pushed towards the abdomen, by the 
pressure and passage of the air from within the cavities of the 
chest, and the pouches enlarged. The breathing was oppressed, 

but not so distressing as in the first three experiments, when 

the apertures were wide open. The external wound was brought 
together hy suture. When the dog was removed from the table, 
he walked, but tottered a little; he breathed easy, and three 

hours after lapped some milk, which was rather surprising, as 
the first two operated upon would accept of nothing until the 

following morning. He recovered his strength and liveliness 

amazingly fast. On the third day after the experiment, he was 

hanged, together with another dog not operated upon, for the 
urpose of comparing the appearances of their respective lungs. 

Bach had his trachea secured immediately on being cut down, 

before the suspending cord was slackened, to prevent collapse 

of the lungs on ne the cavity’ of the chest. Dissection: 

in the presence of Dr. Traill, to whom I am greatly indebted for 

many suggestions in conducting these experiments. No morbid 

appearance in the abdomen, with the exception of a few adhes 

sions between the liver and peritoneum; the apertures in the 

diaphragm were closed by a tender film, which very readily gave 

way to the probe. On opening the chest, the heart was once 

observed to contract, and the pericardium was perfectly trans« 

New Series, Vou, V. 2F 
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parent, as remarked by Prof. Richerand.*, We could perceive 
very distinctly the ramifications of the coronary vessels ; the 
diaphragm was in its natural position ; no adhesions ; the lungs 
on first exposing them appeared perfectly smooth and glossy 5 
in a little tume they were slightly corrugated by the effect of the 
cold in condensing the enclosed air: the examination was con- 
ducted in the open air. Not the slightest difference could be 
erceived either in the expansion or general appearance of the 
ungs of the two dogs. Their lungs did not extend by two 
inches to the inferior part of their respective cavities, and their 
bulk was insufficient to fill the remaining part of the bags of the 
pleura. Pray what proof is there that the lungs fill the bags of 
the pleura? I must confess that I am quite sceptical upon that 
point, and, onthe contrary, believe that in a healthy state they 
never fill them. To prove that the measure we had recourse to 
was effectual in preventing the air escaping out of the lungs, 
when the chest was opened at the conclusion, we divided the 
windpipe of each below the knots, when they instantaneously 
collapsed. 

Exper. 6.—The description supposes the animal to be stand- 
ing upright on his hind legs. The right cavity of the chest was 
transfixed with a sharp-pointed penknife, by thrusting it trans- 
versely with a slight degree of obliquity downwards, through the 
intercostal space, immediately above the upper edge of the 
eleventh rib, mid-space,. between its head and anterior extre- 
mity. The animal was afterwards put to death. Dissection: 
the instrument had pierced the diaphragm, and had slightly 
wounded the liver; the lung uninjured; the knife had passed as 
near as possible through the centre of the cavity at that part, 
and but little short of two inches above its inferior termination. 
Had the lung extended so low down, it must have been wounded, 
the knife being sharp-pointed, and pushed in with force. 

Exper. 7.—TYo remove every doubt, with respect to the state 
of the lung, when deprived entirely of the influence of the aux- 
iliary respiratory organs, the following experiment was made in 
the open air. The cartilages of all the true ribs: were divided, 
with the exception of the superior one, close to their juncture, 
with the osseous structure, and the left cavity of the chest laid 
open its whole length; the diaphragm was punctured ; the ribs, 
and their cartilaginous ends, attached to the sternum were sepa- 
rated and retained asunder, so as to expose and to deprive the 
lung of every assistance from the auxiliary respiratory organs. 
The lung rested upon the ribs and side of the vertebre ; on ex- 
posure, it shrunk considerably, but did not collapse. Its motion, 
for it was not at rest, might be compared to that of a leech when 
it draws up, and again recedes its body, without making any 
progression ; indeed, with both ends fixed, the motion was not 

® Edinburgh Medical and Surgical Journal, yol. xiv, p. 647. 
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that of pulsation, neither was it synchronous with the action of 
the heart, but it was a slow undulating movement. On closing 
the gash, and keeping it so for four or five inspirations, then 
Opening it quickly, the lung was found to have increased in 
volume ; on exposure, it again diminished. To close the scene, 
the knife was plunged into the heart with a determination never 
to perform another experiment on a living animal, which [ 
had been induced in the present case to do, by my anxiety to 
solve an important practical problem. 

I believe no one has ever appreciated the power of the lungs 
and their auxiliaries in respiration during life in resisting and 
diminishing the pressure of the atmosphere, when admitted into 
the cavities. of the thorax through apertures in its parietes. 
That they do possess a considerable power is beyond a doubt. 
The oppression of the breathing and the expansion of the lungs 
are in an inverse ratio to one another, and can be regulated by 
adjusting the dimensions of the openings into the cavities of the 
chest. As the apertures increase in their size, the power of 
expansion of the lungs is diminished, while the oppression of 
the breathing is augmented, until at last life is extinguished. 
What quantity of air is sufficient to produce death as long as all 
the respiratory organs are not restrained, I have not ascer- 
tained. The doctrine of the lung collapsing, while the function 
of the opposite one is unimpaired, on exposure of its external 
surface to the atmosphere, taught from time immemorial in the 
schools, I must now consider as erroneous, and feel somewhat 
surprised that a notion so groundless should have existed for so 
many ages. 

From the foregoing experiments, it appears, 
1. That a lung will not collapse from exposure to the atmo- 

sphere as long as respiration is carried on by the opposite one, 
and the auxiliary respiratory powers are not restrained. 

2. That a lung possesses for a time, independently of the 
influence of the diaphragm and intercostal muscles, if respiration 
is carried on by the opposite lung, a peculiar motive power, the 
source of which I do not pretend to explain. 

3. That a sound lung soon regains its full power of expansion, 
when the pressure of the exterior air is removed. 

4. That air freely and uninterruptedly admitted into both 
cavities of the chest simultaneously, through tubes of a certain 
calibre, will not collapse the lungs, if the auxiliary respiratory 
organs are unrestrained. 

5. That air admitted into both the cavities of the chest (ofa 
middle-sized dog) simultaneously through apertures of an inch 
and better in length in the intercostal spaces, will not collapse 
the lungs, provided the animal is allowed unconfined the use of 
his respiratory organs, 

6, Thata sound lung never fills the bag of the pleura, 
2¥F2 
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If the last physiological inference is correct,. it is highly inte- 
resting in a pathological point of view. It enables us to explain 
how hydrops thoracis, or that species of it called hydrops 
pleurae, may exist to a certain extent, without being attended 
with any symptoms indicating the presence of the disease, as 
related by numerous medical authors. We can also more satis- 
factorily account how the lung so frequently escapes being 
wounded when weapons penetrate the cavity of the thorax; and 
how the extravasation which follows, if not considerable, pro- 
duces but little derangement. It may also have a practical 
utility, for it informs the surgeon that the lung descends to a 
certain point only, so that he need not be afraid wounding it 
should an operation be required below that position. 

Dr. Carson retained open the apertures into the chests of his 
animals with his fingers; whereas mine were kept open in the 
manner described, which accounts for the different results of our 
experiments, Dr. Carson, in his Essays, does not allude to this 
circumstance, but since my investigations he has mentioned it. - 
When air is admitted into the cavities of the chest, the animal 
requires the aid of all his respiratory powers. 

ArtTicLE VII. 

On M. Schweigger’s Electromagnetic Multiplier, with an Account 
of some Experiments made withit. By Prof. Oersted. (Com- 
municated by the Author.) 

IMMEDIATELY after the discovery of electromagnetism, 
Prof. Schweigger, of Halle, invented an extremely useful instru- 
ment for the purpose of discovering very weak electrical currents 
by means of the magnetic needle. The effect of this multiplier is 
founded upon the equal action which every part of a conducting 
wire when it transmits a current exerts upon the magnetic needle. 
When a part of this wire is curved as in A BC, fig. 1 (Pl. XX), 
so that the two branches A B and BC are in a vertical plane, 
and a magnetic needle D E is properly suspended in the same 
plane, it will be readily conceived that the needle receives an 
impulse double that which it would receive from one only of 
the branches. The impulse given by each branch has also the 
same direction, since it is in fact the same side of the wire 
which in both branches is opposite the needle. The effect is 
still further increased when the conducting wire makes several 
circumvolutions round the needle, asin fig. 2, and thus an elec- 
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tromagnetic multiplier is formed ; fig. 3 represents an apparatus 
according to my construction, which differs, however, from 
M. Schweigger’s in no essential respects. AA, fig.3,is the foot 
of the apparatus. CC, CC, are two stands which support a 
frame B B, which has a groove on the edge to receive the mul- 
tiplying wire. D Disa stand to support the wire from which 
the magnetic needle is suspended. EE is a metallic wire 
passed tightly through a hole made in the upper part of the 
stand D D. To this metallic wire there is attached by a 
little wax a thread of raw silk E F, suspending a double trian- 
gular loop of paper, in which the magnetic needle is placed. 
EG is a tube which allows the suspension wire a free 
passage, and prevents the multiplying wire from touching it. 
Below the magnetic needle a divided circle is placed to measure 
the deviations. The multiplying wire is of plated copper, and a 

uarter of a millimetre, or about =1, of an inch in diameter. 
t is covered with silk thread, which prevents any communica- 

tion between the different parts of the multiplying wire; H and 
J are the two ends of this wire. The use of this apparatus will 
be understood almost without any explanation. In order to 
multiply the effect produced by a galvanic arrangement upon the 
needle, it is requisite only to effect a communication so as to 
make the multiplying wire a part of the circuit. The effect of 
a disk of copper and of zinc with pure water as a liquid conduc- 
tor, was rendered perfectly sensible by this apparatus, and 
it is even possible by its means to render those galvanic actions 
sensible, which are too weak to produce a marked effect upon 
the prepared muscles of a frog. When it is required to discover 
an action which is so extremely weak as to occasion a scarcely 
visible deviation, the circuit is interrupted immediately after it 
has been completed, but it is again effected at each time that 
the needle is at the point of terminating the preceding oscil- 
lation; the apparatus may be rendered still more sensible by 
putting a small magnetic needle in H H in the situation re- 
quired to diminish the force with which the suspended needle 
tends to preserve its direction. 
When the multiplier is employed for moderately strong elec- 

tromagnetic action, thicker conducting wires must be used. If 
this precaution be neglected, the effect may be diminished 
instead of increased, owing to the imperfection of the conductor. 
M. Seebeck has made some very satisfactory researches on this 
subject, in his memoir on electromagnetism, published two 
years since in the memoirs of the Berlin Academy. 

M. Poggendorf, of Berlin, a distinguished young philosopher, 
constructed an electromagnetic multiplier very soon after M. 
Schweigger, and made some striking experiments with it. 
The experiments of M. Poggendorf having been cited in a work 
upon electromagnetic phenomena by the celebrated M. Erman, 
published soon after the discovery of these phenomena, were 
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known to several philosophers before those of M. Schweigger, 
which circumstance has given rise to different names for the 
same apparatus. M. Poggendorf has made a very useful appli- 
cation of this apparatus by employing it for the purpose of exa- 
mining the order of the conductors in the galvanic series. An 
account of his labours, is contained in the German Journal, 
the Isis, for the year 1821. M. Avogadro, in Italy, has used the 
same plan, but without experimenting on so great a number 
of different bodies, his memoir contains some other observa- 
tions which are worthy of being known, By the indications of 
the electromagnetic multiplier, he discovered that some metals at 
the first moment of their immersion in concentrated nitric acid, 
produce an effect contrary to that which is observed in a few 
seconds afterwards ; but this alteration does not occur in dilute © 
nitric acid. ‘the metals which have exhibited this property are 
lead and bismuth, lead and tin, iron and bismuth, cobalt and an- 
timony. M. Avogadro states, that the first effect which occurs 
in a concentrated acid is similar to that which happens in a 
diluted acid, and that it is afterwards that the contrary effect is 
he ca I have repeated these experiments with lead and 
ismuth, and I have confirmed them by other means, excepting 

only that I have always had at the end of the experiment with 
‘concentrated acid, the same effect as that constantly produced 
by the dilute acid. I have also found that the bars of lead and of 
bismuth which have been acted upon by concentrated acid, gave 
in repeated experiments constantly the same effects as by dilute 
acid, unless fresh surfaces were given to them before they were 
again immersed in the acid; this renewal of the surfaces may 
be effected not only by mechanical means, but also by diluted 
nitric acid. It also frequently happened that the bars which 
had been in diluted acid, and which had been only slightly 
wiped, gave at first in the concentrated acid a momentary 
deviation in the same direction as in the diluted acid, very pro- 
bably on account of the fluid which remained on their surface ; 
they then gave for some seconds the contrary deviation; that 
is to say, the same as that observed when the experiment is 
made with bars well cleaned. At length the deviation became 
such as it would have been, if diluted acid had been employed as a 
fluid conductor. It]is to be remarked that concentrated nitric 
acid acts much more strongly upon bismuth than upon lead ; 
and, on the contrary, that the diluted acid acts strongly upon 
the lead, and scarcely at all upon the bismuth. Thus it follows, 
that the lead acts asjthe more positive metal in the dilute acid, 
but as the negative in the concentrated acid. 

It remains only to explain why the deviation produced by the 
concentrated acid does not continue the same during the whole 
of the experiment. As I am travelling, I have not time to treat 
of this, or the analogous experiments related by M. Avogadro 
thoroughly, but I shall content myself with having contributed 
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to call the attention of philosophers to this class of experiments 
which are equally interesting as regards the theory of solution 
and that of the excitation of the electric current. AM. Avogadro 
mentions also that arsenic acts with respect to antimony as’a 
positive metal in concentrated nitric wer and as a negative in 
dilute acid. This phenomenon appears interesting in relation 
to the chemical eflect of this acid upon the two metals in its 
different degrees of concentration. 
Among the experiments to which the electromagnetic multi- 

plier gives rise, it may be stated that by its use, we may 
show, that when two pieces of the same metal are immersed in 
an acid capable of acting upon them, that which is first immersed 
acts towards the other as the most positive metal; this experi- 
ment is extremely well performed with two bars-of zine and 
diluted sulphuric or muriatic acid. It would be extremely inte- 
resting to examine the electromagnetic changes which take 
place during every period of the action of acids and alkalies 
upon the metals, and nothing aifords greater facility for this 
purpose than the electromagnetic multiplier. 

—— 

Notice read at the Academy of Sciences of some new Thermoelectric 
Experiments made by M. Le Baron Fourier and M., Oersted. 

1 have had the honour of exhibiting to this illustrious Aca- 
demy the remarkable experiments by which M. Seebeck has 
shown that an electrical current may be produced in a circuit 
formed of solid conductors only by disturbing the equilibrium of 
the caloric. We are therefore in possession of a new kind of elec- 
tric circuits, which may be called thermoelectric circuits, thus 
distinguishing them from galvanic circuits, which may in future 
be denominated hydroelectric. On this subject an interesting 
question arises respecting electromagnetism, and which relates 
also to the theory of the motion of heat in solid bodies; the 
question is to examine whether the thermoelectric effects may 
be increased by the alternate repetition of bars of different mat- 
ters, and how it will be necessary to proceed to obtain the 
sum of these effects. It does not appear that the author of the 
discovery of the thermoelectric circuit has as yet directed his 
researches to this point. But M. Le Baron Fourier and I agreed 
to examine this question together experimentally. 

The apparatus with which we performed our first experiments 
is formed of three bars of bismuth, and three other of antimony, 
alternately soldered together; so that they form an hexagon, 
and thus constitute a complex thermoelectric circuit, consisting 

‘ of three elements. The bars are about 4:7 inches long, 0°6 of 
an inch wide, and nearly 0-16 of an inch thick. We placed this 
circuit upon two supports, in an horizontal position, taking 
care to give to one of the sides of the hexagon the direction of 
the magnetic needle, and we placed a compass as nearly as 



possible to and beneath this side. By heating one of the soldered 
parts with a taper, we produced a very sensible effect upon the 
needle, By heating two soldered places which were not conti- 
guous, the deviation was considerably increased ; lastly, when 
the temperature was raised at the three alternating solderings, 
a still greater effect was produced. We also employed an 
inverse process, reducing by means of melting ice the temper- 
ature of one or more of the solderings of the circuit to the freez- 
ing point. It will be readily conceived that in this process the 
solderings which are not cooled are to be considered as heated 
with respect to those that are. This manner of making. the 
experiment admits of ascertaining by different processes the 
requisite comparisons for discovering the laws of the power 
investigated. 

Employing the action of ice and that of flame at the same 
time ; that is to say, by heating the three solderings which were 
not cooled, we produced a very considerable effect ; the devia- 
tion amounted to 60 degrees. | . 
We afterwards continued these experiments with a stronger 

apparatus, composed of 22 bars of bismuth and 22 of antimony, 
much thicker than those of the hexagon,.and we satisfied our- 
selves that each element contributes towards the total effect. In 
order to make some other experiments, we interrupted the circuit 
in one place, and soldered at the extremities of the separated 
bars, small brass cups which we filled with mercury, in order to 
have aready mode of forming a perfect communication between 
these two points by means of metallic wires. A copper wire 
nearly four inches long, and 0-04 thick, was nearly sufficient to 
establish an entire communication; and two similar wires, one 
by the side of the other, effected a most perfect communication; 
a similar wire, about 40 inches in length, also effected a pretty 
good communication, but a platina wire, 0-01968 of an inch in 
diameter, and nearly 16inchesin length, occasioned so imperfecta 
communication that the variation amounted to only one degree, 
A slip of paper moistened with a saturated solution of soda, com- 
pletely interrupted the communication. There was no chemical 
action ; nor did we observe any sensible ignition as might have 
been expected in an apparatus capable of producing so great an 
electromagnetic effect. We may also add, that the sum of the 
effect of all the elements of the complex electromagnetic circuit, 
is much less than the sum of the isolated effects, which may be 
produced by employing the same elements to form simple 
circuits. ' 

I shall now give a detailed account of the experiments 
referred to in the above communication, accompanied with some 
further observations. 

The bars which were employed in the following experiments 
were parallelopipeds, the transverse section of which was square, 
each side being nearly 0°6 of an inch in length, ' 
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Exper. 1.—We formed a rectangular circuit ab ed, fig. 4; 
one-half of which was antimony, and the other of bismuth ; acd 
and abd soldered together, so that the two contiguous were of 
antimony, and the other two of bismuth. One of the sides was 
nearly four and a half inches long, and the other three inches ; 
the circuit was placed horizontally upon stands, with two of its 
sides in the direction of the magnetic needle, and the compass 
was placed upon one of them. Having left the circuit for a 
time sufficient to regain the equilibrium of temperature, which 
might have been disturbed during the placing of it, ice was put 
upon one of the two solderings, a or d, which unite the two hete- 
rogeneous metals. The compass showed a deviation of 22 or 23 
degrees ; the temperature of the air was 57° of Fahr.; at a tem- 
perature of 68°, the deviation was observed to be 30 degrees. 
We neglected to note the temperature of the atmosphere at the 
commencement of the experiment. We shall, therefore, only 
compare the results of experiments made at the same period. 

Exper. 2.—Another circuit, fig. 5, was formed of the same 
length as the former; but having the opposite sides of the 
same metal, a 6 andc d being bismuth, and a c and & d of anti- 
mony so that the circuit was composed of two thermoelectric ele- 
ments rendered active by ice placed upon two opposite angles. 
This circuit produced a deviation of 30 to 31 degrees, under the 
same circumstances in which the simple circuit produced a 
deviation of 22 to 23 degrees. The temperature in this circuit 
has its equilibrium soon restored, so that the thermoelectric 
effect appears weaker than it would do without this circumstance. 

Exper. 3.—A circuit ABCD, fig. 6, the circumference of 
which was double that used in the first experiment, was put in 
action by ice placed upon one of the solderings. The deviation 
was only from 13° to 15°, under the same circumstances which, 
with the circuit, fig. 4, gave 22 or 23 degrees. 
_ Exper.4.—Another circuit, fig. 7, was formed, of the same 
length as the preceding, but it had four alternations, or four 
thermoelectric elements a b (a being the antimony, and bd the 
bismuth). This circuit was put in action by placing ice upon 
every other soldering. The deviation of the needle amounted to 
313 degrees, under the same circumstances in which the simple 
circuit of equal length produced a deviation of only 13 to 15 
degrees, but the circuit used in Exper. 2, fig. 5, which had only 
half its circumference, and half the number of elements, pro- 
duced nearly the same effect as that obtained in this experiment. 
Thus it appears, which will be confirmed in the sequel, that the 
deviations of the needle produced by the thermoelectric. circuit 
increase with the number of the elements when the length of the 
circuit remains the same, but that they become weaker in pro- 
portion as the length is increased. It is also evident, and it 
will be rendered still more so in the sequel, that these two 
-effects balance each other; so that the effect of a circuit is not 
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altered, when the length of the circumference increases in the 
same proportion as the number of the elements; or, in other 
words, elements of equal length form circuits which produce 
— deviations, whatever may be the number of the elements. 

e confirmed these results by comparing the effects of two, 
three, four, six, thirteen, and twenty-two elements. 

In order to form complex circuits capable of producing a 
great effect upon the magnetic needle, it will be necessary to 
employ very short elementary bars; and to avoid the inconve- 
nience which follows from the restoration of the equilibrium of 
temperature which happens too rapidly in such small circuits, 
the solderings must be placed alternately in contact with conti- 
nued sources of-heat and cold. There is still another increase 
of effect in the complex thermoelectric circuit, which is not thus 
limited by the length of the circumference ; but before it is men- 
tioned we shall show the relation which exists between the 
different elements of the complex circuit. 
Exper.5.—We examined the effects of the circuits by cooling 

first one, then two, afterwards three, Kc. of the solderings 
which were rendered active; and after several experiments, we 
found the mean numbers to be as follow: In a circuit of three 
elements, the first gave a deviation of 152°; the first two 252°; 
the three together 31°. In a circuit of four elements, the ice 
placed upon one soldering gave a deviation of 133°; upon two 
19°; three 25°; four 313°. In a circuit of six elements, the 
first gave a deviation of 9°; the first two 131°; the first three 
183° 5 the first four 22°; the first five 252°; the six together 
282°. 

It will be observed that the deviation produced by the first 
cooled soldering, is nearly represented by double the quotient 
obtained by dividing the total deviations produced by the cir- 
cuit, when all its elements are put in activity, by the number of 
elements plus one. It is also evident that the other numbers 
nearly approach the value of the simple quotient ; but still they 
appear to form a decreasing series. We are now alluding to the 
deviations measured by the angles, and not of the real extent of 
the effects. If it were not necessary to regard the different dis- 
tances of all the points which act upon each other in the differ- 
ent positions of the needle, and even to consider what may be 
the reciprocal situation more or less oblique of the edges of the 
conductor and of the needle, the effects might be represented 
by the tangents of the deviations. It is, however, remarkable, 
that the experiments which we have made indicate a constant 
relation between the deviations. If such experiments as we 
have hitherto had an opportunity of performing were susceptible 
of greater exactness, consequences interesting to the theory 
would undoubtedly arise from them. 

Exper. 6.—Thermoelectric action may be rendered sensible 
by means of the electromagnetic multiplier. In order to produce 
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this effect, one of the two pieces of metal, a, fig. 8, is combined 
with two pieces of 6, the other, so that this arrangement consti+ 
tutes a broken circuit, the two ends ef which are of the same 
metal. After having put some ice upon one of the solderings, a 
communication is established between the two pieces b by 
means of the multiplying wire. 

The effect of this is sensible upon the needle of the instru- 
ment, but yet itis very weak ; weaker, for example, than the 
effect of a piece of copper and silver with water as a fluid con- 
ductor. The effect is rendered more evident by communicating 
a fresh impulse to the needle, at the end of each return after a 
former impulse. 

The extraordinary weakness of this action is very remarkable. 
We learn from this result that the same thermoelectric elements 
which produce a great effect upon the magnetic needle of the 
compass, when their communication is made by a short and 
thick conductor, act but very little even upon a much more sen~ 
sible needle, when the communication is made by a thin con- 
ductor of considerable length. A hydroelectric current excited 
by a piece of zinc and silver, with water as a fluid conductor, 
produces an effect upon the needle perhaps a hundred times 
greater than that of the thermoelectric current; nevertheless the 
effect produced by the former upon the needle of the compass, 
even when the communication is made between the elements by 
the best conductors is scarcely sensible ; while the effect of the 
latter upon the compass is not only sensible but considerable. 
All this marks a very important property of the thermoelectric 
current, which indeed might have been foreseen by theory, but 
which experience should confirm; that is to say, the thermo- 
electric circuit contains the electric powers in much greater 
quantity than the hydroelectric circuit of equal size ; but, on the 
other hand, the intensity of force in the former is much weaker 
than in the latter. Since the first electromagnetic experiments, 
it has been clearly seen that the deviation of the needle pro- 
duced by the electrical current would be regulated accord- 
ing to the quantity of electric power, and not by its inten- 
sity. Thus the considerable deviation which the thermo- 
electric current produces is an indication of the great quan- 
tity of power which it contains. As to the intensity, it is 
universally acknowledged, that an electric current pervades con- 
ductors so much the more readily as it is more intense : the hydro- 
electric current which more easily pervades the wire of the multi- 
plier than the thermoelectric current does, must, therefore, be 
more intense. The much greater quantity of electric power which 
must be admitted to exist in the thermoelectric current, will form 
no objection to this reasoning ; for it is perfectly evident that in 
the case in which a current A, of intensity equal to that of an- 
other current B, but greater in quantity, is presented to a con- 
ductor sufficient to transmit the quantity of B only; this 



444 0 MM. Ocrsted on ' (Jone, 
conductor must be capable of transmitting a part of the current 
A equal to the current B; and if we suppose A to possess a 
stronger intensity than B, the transmission of the former will be 
still greater. I 
. Exper. 7.—We tried the effect of the complex circuit upon 
the needle of the multiplier, and we found it considerably aug- 
mented, by increasing the number of the elements of the circuit, 
even in cases in which the number did not increase the effect 
upon the compass. We obtained this result by experiments 
with 6, 13, and 22elements. It appears then that the intensity 
of the power increases in the circuit with the number of the 
elements, which is perfectly conformable to what happens in 
Volta’s pile. The circuit had no sensible effect upon the com- 
pass when the communication was made by the multiplying 
wire. 

Exper. 8.—A platina wire, about 0°004 of an inch in diame- 
ter, was not ignited by a thermoelectric circuit composed of 13 
elements, but which was nevertheless capable of causing the 
compass to deviate 28 degrees ; yet a hydroelectric circuit pro- 
ducing an equal effect upon the compass, was quite sufficient to 
ignite the same wire. This difference is derived from the too 
weak transmission of the thermoelectric current by the platina 
wire. During the communication effected by this wire, the 
needle of the compass indicated only 2 or 3 degrees of deviation. 
An iron wire, about 0-008 of an inch in diameter, was not 
ignited. The communication effected by this wire produced a 
Breatde deviation than the platina wire, but only by 5 degrees. 

e must wait for the current produced by a thermoelectric 
apparatus composed of several hundred elements, before we 
shall be able to ignite a metallic wire. 

Exper. 9—We were unable to produce any sensible che- 
mical action by the thermoelectric circuit ; those fluids which 
have the greatest conducting power resisted its action; 
for instance, nitric acid, solution of soda, and many metallic 
solutions. We shall mention only one of these experiments, 
which, frequently repeated, appeared to produce some chemical 
effect. We placed a piece of blotting paper moistened with 
solution of sulphate of copper between two perfectly new tive 
franc pieces ; the precaution was taken to put the two pieces in 
contact with the paper on the sides which had similar impres+ 
sions, and the thermoelectric current was passed through the 
two pieces of metal and the moistened paper. In a quarter of 
an hour some parts of the silver were slightly covered with 
copper, But as this trace of metallic precipitation did not resist 
washing accompanied with slight friction, we are disposed to con- 
sider this experiment.as too questionable. During the time that 
the two pieces of silver with the paper formed part of the cir- 
cuit, not the slightest effect was produced upon the compass, so 
that this small piece of moistened paper may be said to have 

Se ae oe EE ee ee eee 
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entirely interrupted the thermoelectric current. In a state of 
such perfect isolation, no sensible chemical effect could be 
expected. From the slight intensity indicated by the multiplier, 
there is reason to think that it would require an electric circuit 
of many hundred elements to pervade a fluid equally well as a 
Volta’s pile formed of four or five elements ; but it is very pro- 
bable that such an apparatus will produce effects similar to 
those which may be expected from hydroelectric piles, the 
metallic elements of which are enormously large. 

Exper. 10.—The action of electrical currents upon animal 
bodies is one of the most remarkable which it exerts. The 
thermoelectric circuit excited no sensible taste, when it was 
made to act upon the tongue ; but upon a prepared frog, it pro- 
duced effects of two slightly different metals ; this result evinced 
that the nerves of a frog are excellent conductors. 
<i 11.—A thermoelectric circuit of 13 elements produced 

no effect upon the most delicate electrometers ; nor did Volta’s 
condenser unequivocally indicate signs of electricity in this 
circuit. But we acknowledge that we did not repeat this expe- 
riment so often as it deserves. 

Lixper. 12.—The experiments which we have related are suffi- 
cient to prove how weak the thermoelectric current is with rela- 
tion to the conducting power eyen of the best conductors, 
Another experiment produced similar results under other forms. 
The great circuit consisting of a rectangle, the length of which 
was nearly fourtimes its width, was placed in sucha manner that 
the two short sides were parallel to the needle of the compass ; 
the compass was placed on one of these sides, and the two adja- 
cent elements were rendered active. After having observed the 
deviation of the needle, a communication was effected between 
the active parts furthest from the compass by means of a copper 
wire, so that all the active parts might form a separate circuit. 
After this diminution of the circumference of the circuit, the 
needle indicated a stronger action; this effect would not have 
been very evident, if the transmission of the thermoelectric cur- 
rent were not so difficult even in the metal, that a difference of 
passage of two or three feet could produce so considerable a 
change in the effect. It must be observed that the same 
copper wire employed to effect the communication, when 
some part of the whole circuit was interrupted, would pro- 
duce scarcely the same effect as the immediate junction. When 
the part of the circuit furthest from the compass was ren- 
dered active, and a similar communication was effected, the 
deviation of the needle diminished. However, this difficulty of 
transmission is unattended with any thing that ought to occasion 
surprise. For the electricity ina circuit of conductors, in con- 
sequence of their contact, must flow in proportion as it acquires 
the intensity requisite to clear the passage in these conductors ; 
therefore this electricity never acquires sufficient intensity to 
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pervade the conductor with facility, but it will constitute a cur- 
rent as soon as the circuit does not oppose the obstacle of very 
considerable isolation. It is easy to perceive that the quantity 
of electricity developed by this continual excitation which exists 
in the circuit, ought to be so much the greater as the circuit isa 
more perfect conductor.. Thus the thermoelectric circuit sup- 
plies an incomparably greater quantity of electricity than any 
other circuit which has as yet been invented. [fby other circuits 
water, the acids, and the alkalies, have been successively decom- 
posed, it is not beyond the limits of probability, that by means 
of a new circuit, we shall be able to decompose even the metals, 
and thus complete that great change in chemistry which com- 
menced with the pile of Volta. 

a a A a OS 

Articie VIII. 

Analysis of the Native Sulphate of Iron and Alumina. 
By R. Phillips, FRS. L. and E. &c. 

Untit after I had completed the analysis of this substance, 
I was not aware that it had been noticed in any work on mine- 
ralogy : I find, however, that it has been described in the 24th 
number, p. 97, of Mr. Sowerby’s Exotic Mineralogy ; the speci- 
men mentioned and figured in this work under the name of sul- 
phate of iron and argilla, is stated to be from Bacherstolln, in 
Schmolnir, Mr. Sowerby mentions that it seems to have been 
mistaken for native alum, but he justly observes that it differs 
from alum in containing no alkali, and that the solution yields it 
upon the addition of potash. 

The salt which I subjected to examination originates from the 
decomposition of iron pyrites inslate-clay. It was presented to 
me by Charles Macintosh, Esq. and is plentifully met with in 
the slate clay of the deserted coal mines of Hurlet and Campsie, 
which as well known is employed for the double purpose of pre- 
paring alum and sulphate of iron. 

The sulphate of iron and alumina exists in the state of soft 
delicate fibres, easily separable from each other ; it is colourless, 
and its lustre is silky, and it resembles asbestus in appearance. 
It is so extremely light that 100 grains of the crystals occupy a 
space equal to that of an ounce and a quarter of water. By expo- 
sure to moist air, the iron is converted into peroxide, and the 
crystals become yellowish-brown. It is readily soluble in water, 
and the solution, as above stated, readily yields crystals of alum 
on the addition of the salts of potash or ammonia. By sponta- 
neous evaporation, crystals of common sulphate of iron are 
obtained, and the sulphate of alumina remains in solution; this 
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circumstance renders it probable that the salt in question is not 
producible artificially; but this I have not tried. Crystals of 
common sulphate of iron are sometimes mixed with it. When 
the usual tests of the presence of irun are added to the solution, 
the common evidence of the existence of that. metal is obtained; 
prussiate of potash gives a very light blue precipitate, showing 
that the iron is principally in the state of protoxide. 

One hundred grains of this double salt, cleared as much as 
possible from the small fragments of slate-clay, were dissolved 
in distilled water; the solution was filtered, and four grains of 
earthy matter remaining undissolved, the deficiency was sup~ 
pee by an equal quantity of the pure salt. The solution was 
‘heated with a little nitric acid to convert the iron into peroxide, 
and nitrate of barytes was added to it as long as precipitation 
ensued ; the sulphate of barytes washed and dried amounted to 
91:25 grains, which are equivalent to 30°9 of sulphuric acid. 
The slight excess of nitrate of barytes being removed from the 
solution by means of sulphuric acid, the solution was decom- 
posed by ammonia added in excess, and the peroxide of iron 
and the alumina were of course precipitated together. 

The ammoniacal solution was examined in order to discover 
whether any minute portion of lime or magnesia was contained 
in the salt, but none was detected; the precipitate was boiled 
with a solution of soda to separate and dissolve the alumina, and 
the peroxide of iron left being washed, dried, and ignited, 
weighed 23 grains ; but the iron exists in the state of protoxide; 
and as 40 of peroxide consist of 36 protoxide and 4 oxygen, 23 
are equivalent to 20:7 of protoxide, which is of course the quan-. 
tity contained in 100 grains of this double salt. 
The alkaline solution which contained the alumina was super- 

saturated with muriatic acid, and the alumina precipitated by 
carbonate of soda. When washed and ignited, it weighed 5:2 
grains. 

I made an attempt to ascertain the quantity of water of crys- 
tallization by direct means, but it failed ; indeed the nature of 
the salt is such as to render it scarcely practicable ; for it is, I 
think, more than questionable, whether anhydrous sulphate of 
iron or of alumina can exist; and, at any rate, there is great 
danger either of not expelling the whole of the water by heat, or 
of driving off some of the acid with it. 

From the experiments above stated, it appears that this salt 
consists of 

Sulphuric acid. 2... ......eeeeeeee ee 309 
Protoxide of iron. ......eceeseceens . 20°7 
MUGMING 6, eer yeeseeceevetess ese: epee 
Leaving for water... secceceserreees 40° 
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I repeated these experiments with a fresh quantity of the salt, 
and the results agreed almost precisely with respect to the sul- 
phuric acid and oxide of iron, but there was rather less alumina; 
the difference was not, however, sufficient to induce me again to 
repeat the analysis. 

I have stated on a former occasion my reasons for believing, 
that hydrogen = 1, alumina is 27; and this determination is 
strengthened by the results of Sir H. atu experiments stated 
in p. 357 of his Elements, and to which I have only lately par- 
ticularly adverted. He says that from experiments which he 
“made on the quantity of ammonia required to decompose 
saturated solutions of alumina in acids, 1t would appear that 
the number representing alumina is about 48, and supposing it’ 
to consist of one proportion of aluminum, and one of oxygen, 
33 will be the number representing aluminum.” If, however, 
the atom of oxygen be represented by 8 instead of 15, then the 
number for alumina will be, according to Sir H. Davy’s experi- 
ments, 25°6; now this sufficiently approaches 27 to assist in 
deciding the question whether alumina should be represented 
by 27, or by 18, which latter number Dr. Thomson considers to 
be the weight of its atom. 

Representing then sulphuric acid by 40, protoxide of iron by 
36, alumina by 27, and water by 9, it will appear that the sul- 
phate of iron and alumina in question is composed of 

4 atoms of sulphuric acid.. 40 x 4 = 160 
3 atoms of protoxide ofiron 36 x 3 = 108 
1 atom of alumina. .......+0+-++ = 27 

25 atoms of water. e.seeeee 9 X 25 = 225 
a 
520 

We may then consider the salt as composed of 

3 atoms of sulphate of iron. 76 x 3 = 228 
1 atom of sulphate of alumina. .... = 67 
25 atoms of water. ...... ehicdtAar = 225 

Weight of the atom. .......... jigs 3's 520 

On this view of the subject, the theoretic composition of the 
salt will be as follows, which, it will be observed, agrees very 
nearly with the analysis: 

Sulpumiic det 7. .'o sec clne esis sh ad mie vee 
Protoxide of iron........ ea 
Alumimae oi scicsccs svecetwen te. ise 
Water. .... steesae sescberitassgte 400 

Logs ¢iveditrereseced tee eet BV 0°03 

—_—_—_—- 

100-00 
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Or, eas 

Sulphate ofiron ...... J ered 48°84 hd 
Sulphate of alumina. ........0.+6+4 12°88 
Water eee elev oe ees 4028 

100-00. 

ArticLe IX. 

On the Crystalline Forms of Artificial Salts. 
By H.J. Brooke, Esq. FRS. 

(To the Editor of the Annals of Philosophy.) 

DEAR SIR, 

Tue introductory volume to the Science of Crystallography 
on which I have been for several months engaged, having passed 
through the press, 1 propose now to resume an examination of 
the crystalline forms of the artificial salts, a subject which has 
been hitherto much neglected, and of which, during the last two 
years, we have frequently spoken. uss 

As an evidence of the neglect with which the crystallographi- 
cal characters of the productions of the laboratory have been 
treated, { may refer to the recent edition of Dr. Henry’s Che- 
mistry ; and I do this, not to impeach in the slightest degree 
the value of that work, but merely to remark, that instances of 
imperfect and useless descriptions of crystalline forms are admit- 
ted into volumes otherwise of great worth. 

The crystalline characters of the artificial salts will, if strictly 
attended to, frequently assist the researches of the chemist. 

An examination ofthe forms, and measurements of the angles 
of the crystalline deposits from his experimental processes, will 
immediately inform him whether his experiments have produced 
such results as he had anticipated, or whether his compounds are 
new and unexpected. For this purpose, however, the reflective 
goniometer must be added to his other implements, and he will 
not fail soon to discover its value in reference to his pursuits. 

But to be provided with the means of effectually applying 
this instrument, he must be acquainted with the forms, and 
the measurements of the angles of all the known crystals 
of those salts. During the last summer, I measured a consider- 
able number of these, most of which I have to thank you for 
rocuring for me, and for some others I am indebted to the 

Cebizes of Mr. '’eschemacher. Several I also prepared myself; 
aiid | shall still feel obliged to you, or to any of your friends, for 
measurable crystals of any of these artificial compounds. 

New Series, vou. v. 2.¢ 
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With a view to render the descriptions of these as simple and 
as practical as possible, it is not my intention to consider them 
mathematically, and in relation to the theory of decrements. 
The information the chemist requires to be posssessed of con- 
cerning the crystals which may be formed during his operations, 
is the character of their simplest or primary forms ;* their cleay- 
ages where they can be given; their modified or secondary 
forms ; the angles at which their planes severally incline to each 
other; with occasional notices on their predominating charac- 
ters, and on any peculiar habitudes which may be observed to 
belong to particular crystals. 

Descriptions of several of the artificial salts, founded on these 
characters, will form the substance of this and some following 
communications. These will be accompanied by figures which 
are not drawn with geometrical truth, and are intended merely 
as diagrams to which the measurements of the crystals may be 
more conveniently referred, and which will, at the same time, 
convey a general idea of the form ofthe substance described. 

Crystals deposited from the Oil of Cubebs. 

Of the chemical nature of the substance of these crystals, 
which I received from Mr. Teschemacher, I know nothing. 
‘The predominating form of the crystals is 

that of an octahedron with a rhombic base, Fig. |. 
as shown in fig. 1, measuring as follows: - 

P on P’ about...... 115° 45’ 
P over planev. .... 74 56 
P on P” *... .cettnwn 245. 140 
MOU} 0i/ iba basderen LODiy oO 
PWOWY Alp'bs vadv enw bbl 1; 50 
98 CNN. isision wales HOU ln O 

Arseniate of Potash. 

The primary form of this substance may 
be regarded as a right square prism. 

In the crystals I. have measured, the 
terminal edges of the prism are replaced, as 
seen in fig. 2, measuring as follows : 

Mon’ Py a 

Wee ei ieee: 

The predominating form of most of the 

* The nomenclature of forms, and the letters placed on the crystals, are those which 
are used in the introductory volume already alluded to, 
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crystals I have seen is exhibited in fig. 3, Fig. 3. 
where the plane M’ is so much less than M 
as to confer on the crystal an appearance of 
the base being rectangular, but not square ; 
thus affording one of the numerous instances 
which will be found among crystals, of de- 
viation from regularity and symmetry in 
their natural forms, by a disproportionate extension of some of 
their planes, a character which would frequently lead to an 
inaccurate determination of their forms, if the goniometer were 
not resorted to. But the goniometer will generally correct the 
erroneous conclusion derived from the appearance of the crys 
tal; as it has done in this instance, by showing that M onc, and 
M’ on c’, measure alike, which it is highly improbable they 
should do if the base of the prism were not square. 

Chlorate of Potash. 

The primary form is an oblique rhombic prism, some of the 
crystals being modified as in fig. 4. The 
cleavage is easy parallel to the planes M and Fig. 4. 
M’, and the cleavage planes are brilliant, 
but the only crystals I have are too thin to 
obtain a cleavage plane parallel to P. The 
measurements are as follows : 

P on M, or M’. .. 105° 30’ i ie Me 

Mon M’........ 104.0. ey 
Ponce’ ....s.se08 106 45 dull Peeecs 
BP on,¢, 08,6 94:4. - 45 129),45 

Tartrate of Potash and Soda.— Rochelle Salt. 

The form derived from cleavage is a right rhombic prism. 
This is modified in the crystals measured, as 
shown in fig. 5. Fig. 5. 

P on M,.or,M’ .... 90°. 0’ 
Poon. c™ y... «papa «a koe. qoU 
Mon Me 6.4 eseareuree o& 
M ong Money fy eseteese 168-0 

There is a peculiarity in all the crystals I 
have seen of this substance which I do 
not recollect to have observed in any others. 
They are produced nearly in halves, and 
okey to have rested or been formed on 
planes which would have passed through the 
middle of the entire crystal. One of these 
natural segments is shown in fig, 6. In 

aa 

* cis a dull plane, and occurs on only one of the crystals out of several that I have 

seen, 

262 
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some of these, the front half of fig. 5 is the portion produced, 

the plane f being then uppermost. In some of the segments, 
however, there is a slight deviation from this exactness of posi- 
tion of the planes f or A. : 

Nitrate of Soda. 

The primary form is an obtuse rhomboid. 

py a TT RE EY Gera 16) 5 2B | 4 

P on RP”. 2 8 P.. Sere APS er eS ee dan 30 

and there are not any modifications on the crystals measured. 

Some of these are lengthened into appa- 

rently oblique rhombic prisms, as shown by Fig.1 
the produced dotted lines in fig. 7, but this Pe 

: : ‘ Jet) ty 
disproportionate extension of some of the -~ Pegg 

primary planes has been already stated hota 

to be unfrequent among crystals. ‘ ? 
I am, dear Sir, yours truly, 

H. J. Brooke. 

I have just learned that Mr. Levy has very 
recently taken up this subject, and has mea- 
sured and determined with a view to publica- 
tion, the forms of many of the artificial crys- 

tals, without being aware of my having previously occupied 

myself in a similar manner. He has proceeded mathematically, 

and will probably still give his results to the public ; and there 

can be no doubt that he will confer an additional interest on the 

inquiry. 

ARTICLE X,. 

Astronomical Observations, 1823. 
By Col, Beaufoy, FRS. 

Bushey Heath, near Stanmore. 

Latitude 51° 37’ 44°3” North. Longitude West in time 1’ 20-93”, 

April 29. Emersion of Jupiter’s _ first § 8h 19’ 43” Mean Time at Bushey. 

Satellite... 2 ese A esp aid 8 21 04 Mean Time at Greenwich. 

May 6. Emersion of Jupiter’s second § 8 26 32 Mean Time at Bushey. 

patellite,.ceveressevvere » } 8 27 53 Mean Time at Greenwich. 
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Articie XI. 

ANALYSEs OF Books. 

An Essay on Magnetic Attractions, and on the Laws of Terres- 
trial and Electro-Magnetism, &c. By Peter Barlow, Associate 

in the Society of Civil Engineers, and of the Royal Military 
Academy. Second Edition, much enlarged and improved. 

WE have to apologize to Prof. Barlow, and to our readers, for 

our tardiness in noticing this much improved edition of his 

work ; but we shall now endeavour to compensate for the delay, 

by giving a more complete account of it than various circum- 

stances, which it is unnecessary to particularize, would have 

permitted us to have done at an earlier period. 
The leading object of this edition, as of the former one, 

although a considerable portion of the work is devoted to elec- 

tromagnetism, is the developement of the mathematical princi- 

ples of magnetism, and their application to the correction of the 

local attraction of vessels, “ which is of more and more import- 

ance,” the author remarks, in the preface, “ as every year is 

leading to some new application of iron in the construction and 

equipment of ships of war, and which, if persevered in without 

some mode of correction, would soon render the compass worse 

than useless as a nautical instrument.” 
“Tt may be cbserved, for example,” he continues, “ that 

besides there being at present considerably more iron ballast 

than formerly, the water-casks are now replaced by iron tanks 

presenting an immense attracting surface ; iron knees, sleepers, 

plates, and, in some cases, the riders, have been introduced in 

lieu of those of timber ; even the hempen cables have been put 

hors de service by the patent cables of iron,—-gun-carriages of 

this metal are at this moment supplanting those of the usual 

material: the ingenious patent capstan of Captain Phillips, 

which will doubtless soon become generally applied, is princi- 

pally of iron; and, although of no considerable mass, is 80 

situated as to affect the compass very sensibly; and, lastly, it 

seems probable that even the masts are to be attempted in this 

material.” 
The work is now divided into three parts ; the first contain- 

ing the greater portion of the matter constituting the former 

edition, of which some account was given in the Annals, O.S. 

vol. xvi. p. 294—307, with the addition of some experiments on 

the local attraction of vessels, which, by the favour of the Lords 

ofthe Admiralty, the author has been enabled to make on board 

several of his Majesty’s vessels, and of the results on the same 

subject obtained by a series of observations in his Majesty’s 

ship Leven, during a voyage to, and survey of, the western 

coast of Africa. Prof. Barlow has also appended to this divi~ 



454 | Analyses of Books. [Junex, 
sion of the work, his papers, “ On the Effects produced in the 
Rates of Chronometers by the Proximity of Masses of Iron ;” and 
“ On the anomalous magnetic Action of hot Iron between the 
bright and blood-red Heat,” first published, in the Phil. Trans. 
for 1821 and 1822; and already noticed in the Annals. 

After describing the additional experiments and. observations 
on the local attraction, which fully confirm his former conclu- 
sions, Mr. B. concludes the consideration of that subject in the 
following manner : 

“ Such is the present state of this method of correcting the 
local attraction of vessels ; and here I must take my leave of the 
subject, on which I have already bestowed much time, and 
have incurred some pecuniary charge in carrying the experi- 
ments into execution. I have, I trust, shown very clearly by 
the results reported in the preceding part of this section, parti- 
cularly in those of the Barracouta, that the errors arising from 
the local attraction are of such a nature and amount, as to 
require correction. I have also explained a simple method by 
which this is proposed to be effected ; and I have given testi- 
monials of its efficacy, in a case where it was submitted to trial 
during a voyage of sixteen months.” 

The second part of this Essay contains “ A Theoretical Inves- 
tigation of the Laws of Induced and Terrestrial Magnetism,” 
consisting of the following sections: “I. Investigation of the 
laws of magnetism peculiar to iron bodies—Of the horizontal 
needle—Of the dipping needle—General results. II. On the 
change of magnetic intensity of a needle as affected by iron 
spheres. III. On the magnetic action of bars of iron—Supple- 
mentary experiments on the action of iron plates. IV. Appli- 
cation of the preceding formule to the magnetism of the terres- 
trial sphere. V. On the situation of the terrestrial magnetic 
axis, and on its annual motion.” 

Mr. Barlow founds the investigation in the first section upon 
the following hypothesis, which is a modification of that pro- 
posed by Mr. Bonnycastle in the Philosophical Magazine, 
vol. lv. p. 152, 446. 

“1, Magnetic phenomena are due to the existence of two 
fluids in a greater or less degree of combination, and such, that 
the particles of the same fluid repel, and those of an opposite 
nature attract, each other. 

“2. These fluids in iron bodies exist naturally in a state of 
combination and equilibrium, till that state is disturbed by some 
exciting cause. 1 

“3. But if a body, already magnetic, i. e. one in which these 
fluids are held in a state of separation, be brought within the 
vicinity of a mass of iron, such as is supposed above, the concen- 
trated action of each fluid in the magnetized body will act upon 
the latent fluids in the quiescent body, by repelling those of the 
same, and attracting those of the contrary kind, and thus impress 
upon the latter a‘temporary state of magnetic action, which wiil 
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remain only while the two bodies maintain their respective 
situations. ; 

“4, The quantity of action thus impressed upon the iron body 
will depend, first, upon the intensity of the exciting magnet; 
secondly, upon the capacity of the quiescent body for magnetism, 
or the quantity of those fluids contained in it; and, thirdly, 
upon the cohesive power of the iron, which latter quality deter- 
mines the depth to which the exciting magnet is able to disen- 
gage the two fluids. 
“The above embraces every case ; viz. of any magnet, natu- 

ral or artificial, developing the magnetism in any given iron 
body; but in that to which our attention will be principally 
directed, namely, the displacement occasioned by the magnetic 
action of the earth on spheres of iron, we shall find more limited 
in its results, and more susceptible of correct mathematical 
investigation. 

“5. In this case, for instance, we may suppose the action to 
take place on every particle of the mass in lines parallel to each 
other, and corresponding with the direction of the dipping 
needle; also that every particle is at the same distance from the 
centre of the disturbing force, and consequently that the dis- 
placement in each particle is equal also; conditions which 
throw great facilities into the analytical investigation of the 
Jaws of action. 

“6. For the sake of illustration, let A BC D, fig. 9 (Pl. XX), re- 
present asphere of iron in its non-magnetic, or quiescent state, and 
let C M be the line in which the terrestrial magnetism is exerted 
from a centre of action, M, which is at such a distance that the 
diameter of the sphere is inconsiderable in comparison with it; 
then every particle on its surface, and to a certain distance 
within it, will be acted upon by equal powers, and in directions 
parallel to each other; whereby the fluids in the quiescent body, 
before in a state of combination, will be separated in each par- 
ticle; and the two fluids may now, therefore, be conceived to 
form two spherical shells, Ae Bd, A e’ Bd’, whose centre of 
action will be in c, c’, their distance from each other being 
greater or less, according to the circumstances stated in No, 4. 

“7. Therefore, in computing the action of sucha mass of iron 
in its temporary state of magnetism upon a distant particle of 
magnetic fluid, we may refer it to those centres ; we shall also 
assume, that the law of action in this, as in all other cases of 
central action, is inversely as the square of the distance.” 

The limits to which we are necessarily restricted will not 
allow us to proceed with our author to the mathematical deduc- 
tion from the foregoing hypothesis of the laws which he had 
previously drawn from experiment; nor to his computations 
respecting the horizontal and dipping needles ; suffice it to say, 
that the approximative agreement of their results with actual 
observation, is of a very satisfactory nature. We are likewise 
compelled to pass over the second, third, and fourth sections, 
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» From the calculations in the fifth section, it appears, that, 
according to the hypothesis, “the dip has not an uniform 
increase, but is changing now more rapidly than it has ever 
before done since magnetical observations have been made. Its 
decrease during the last five years has been nearly halfa degree; 
and if our principles be correct,” Mr. Barlow continues, “ it 
ought to decrease nearly the same during the next five years; a 
short time, therefore, will either confirm or refute the hypothesis 
on which we have founded the preceding computations. Agree- 
ably to which we ought to find in 

1828 the variation 24° 29’ dip 69° 43 
LRNS es cent ee ce oe ee Ue ee 

“ The dip, therefore, is at present changing more rapidly than 
the variation ; and it will continue to decrease with the latter 
for about 260 years, when the longitude of the magnetic pole 
“will be 180°; the variation will, therefore, then be nothing, and 
the dip only 56°, which will be its minimum ; they will then 
both increase together for the next 260 years, when the needle 
will have its greatest easterly variation, and will then again return 
towards the north, the variation decreasing, but the dip still 
“mnereasing, for 165 years longer; viz. till about the year 2510, 
when the magnetic pole will be again on the meridian of Lon- 
don ; the variation will be zero, and the dip being then at its 
maximum will amount to 77° 437.” 

Part lIl—On Electromagnetism. 

This portion of Mr. Barlow’s work.consists of three sections, 
the first being a sketch of the present state of the science, in 
which, after mentioning the long known facts respecting the 
magnetic agency of lightning, and the early experiments of 
Ritter, he concisely describes the late researches and experi- 
ments of Prof. Oersted, M. Ampere, M. Arago, Sir H. Davy, 
and Mr. Faraday. The second section relates to the mathema- 
tical laws of electromagnetism. ‘In the preceding parts of this 
work,” the author observes, “I have attempted to reduce the 
laws of induced magnetism to mathematical principles; 2... F 
and as soon as I heard of M. Oersted’s discovery, | was desirous 
to establish, on similar principles, the law of electromagnetism ; 
but it was some time before I was able to construct an apparatus 
convenient for the purpose. Having, however, at length effected 
this necessary preliminary to my satisfaction, I proceeded to 
make the course of experiments, and to undertake the investiga- 
tions which form the subject of the present section.” 

“ My first object was to repeat very carefully all the experi- 
ments of M. Oersted, MM. Ampere and Arago, of Sir H. Davy, 
and Mr. Faraday, with some others suggested by the results 
thus obtained ; and having attentively considered all the pecu- 
liarities of action thus developed, I was led to consider that. all 
vhe apparently anomalous effects produced on a magnetized 
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needle by the action of a galvanic wire, might be explained by 
the admission of one simple principle ; viz. that every particle of 
the galvanic fluid in the conducting wire acts on every particle 
of the magnetic fluid in a magnetized needle, with a force varying 
anversely as the square of the distance ; but that the action of the 
particles of the fluid in the wire is neither to attract nor to repel 
either poles of a magnetic particle, but a tangential force which 
has a tendency to place the poles of either fluids at right angles to 
those of the other ; whereby a magnetic particle, supposing it under 
the influence of the wire only, would always place itself at right 
angles to the line let fall from it perpendicular to the wire, and to 
the direction of the wire rtself at that poini.” 

“‘T pretend not to illustrate the mechanical principles by 
which such an action can be produced; I propose only to show, 
that if such a force be admitted, all the results obtained from the 
reciprocal action of a galvanic wire and a magnetized needle 
may not only be explained, but computed, and that the results 
agree numerically with experiments.” 
The galvanic instrument employed by Mr. Barlow differs 

from Dr. Hare’s calorimotor merely in the mechanical contrivance 
for lowering it into and raising it out of the fluid; “ that part of 
the apparatus which peculiarly appertains to the experiments 
I am about to detail,” he says, “is represented in fig. 10, 
A B is an upright stand, placed near the poles of the battery ; 
a b, cd, are two staples of stout copper wire, driven into the 
upright, the two ends at 6 and c passing quite through, as 
shown at C and Z; and on which two wires are fastened by spiral 
turns, and with which the communication is made with the 
poles of the battery; ef, gh, are two copper wires of the same 
dimension as the staples, each four feet long, having their ends 
flattened and drilled so as just to enable them to slide freely 
upon the wires ab, cd, and the vertical wire f /, also four feet 
in length, which passes through a hole in the top of the table 
FGHI, and so tight as to render it perfectly fixed. On the 
plane of the table, which is two feet in square, the circle NESW 
1s described about the centre o, and divided into the points of 
the compass and smaller divisions; NS is an index or box 
ruler, through which the wire f4 passes, so that the former may 
be turned freely about the latter, and set to any proposed azi- 
muth. On this ruler is placed the small compass ¢’, by means 
of which the deviation at any given time may be taken; ¢” is 
another compass placed on the top of the support Lc”, and is 
intended to remain fixed in its place, in order to serve as a 
standard for estimating and comparing the power of the battery 
at different times.” 

“ For the principal experiments, this apparatus is placed so 
that the plane of the rectangle of wires is perpendicular to the 
magnetic meridian ; because in this position the horizontal 
wires being east and west, they have no effect in deflecting the 
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needle from its direction (at least there is only one exception to 
this, which will be noticed hereafter), and consequently all the 
effect produced upon the needle during the rotation of the index 
in the circle N E S W, is due to the vertical wire only, except 
so far as the horizontal wires may increase or diminish the direct- 
ive power of the needle. This, however, in the cases to which 
we shall refer, is very inconsiderable.” 

“« But in order that we may know precisely what part of the 
change of deviation between one situation of the compass and 
another, is actually due to that change of position, recourse 
must be had to the standard compass, which, always remaining 

fixed in its position, may be used as a constant indicator of the 
strength of the battery. But as the application of this measure 
to computation is involved in principles not at ee explained, 
it will be proper first to inform the reader of the means which 
T employ im the first instance to preserve an uniformity of action 
Faint every separate course of experiments. These were as 
ollow :— 
“The vessel which contains the dilute acid, into which the 

plates are immersed, holds nearly 20 gallons; and I begin the 
experiments with little more than 12 gallons; moreover the 
plates are not, in the first instance, let down to their lowest 
point. The intensity shown by the standard compass after the 
connexion has been made some minutes, is noted; and by 
breaking off and making the contact anew, this same intensity 
occurs again, the power being always strongest when the con- 
tact is first made ; then when the standard compass returns to 
its former bearing, the observation with the other compass is 
taken ; the contact broken and renewed, and so on as long as 
the battery retains sufficient power. When this fails, the plates 
are lowered a little more; the power thus increased, and the 
observations resumed, till at length the plates being wholly down, 
and the power too weak, recourse is had to a supply of more 
dilute acid; by which means a tolerably steady action. is kept 
up longer than is necessary for any series of experiments of this 
kind. It will be observed here, that in this case the only use 
made of the standard compass is to indicate the same intensity 
of action, and consequently involves no theoretical principle that 
will be objected to by the most scrupulous theorist or observer, 
but it will be seen in subsequent articles that this indicator is 
susceptible of a more extensive application.” 

Prof. Barlow having thus described his method of experi- 
menting, now proceeds to explain the principles of computation, 
and to compare the numerical results thus obtained, with those 
derived from experiments. 

‘““ According to the hypothesis, if we conceive the wire in the 
first instance to be vertical, and the compass placed to the 
north or south of it, and opposite its middle point, the centre of 
action will lie in the horizontal plane, and at night angles to the 
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natural horizontal direction of the needle. The latter, therefore 
(which, for simplicity sake, we shall at present consider as inde- 
finitely short with regard to the distance), will, at either of those 
points, be acted upon by two rectangular forces; viz. the gal- 
vanic force in an east and west direction, and which we may 
denote by f; and the natural magnetic or directive force m; 
consequently, according to the principle of forces, the resultant 
will be expressed by / (f® + m?*) and the angle which it makes 
with the natural direction of the needle, being called A, we 
shall have 

cae 
tan. Oe ee (1) 

Hence the magnetic force being constant, the tangent of the 
needle’s deviation at the north or south will be a correct measure 
of the galvanic power.” 

“ We have thus a principle by means of which we may verify 
a part at least of our theory by experiments. For example ; 
since by the supposition every particle of the galvanic vertical 
wire acts inversely as the square of its distance from a given 
point, we ought to find a determined relation between the tan- 
gent of deviation and the length of the wire; or the length of the 
wire remaining constant, between the tangent of deviation and 
the distance, provided always that the intensity of the battery 
remain constant.” 

“ The apparatus already explained furnishes us with the oppor- 
tunity of making both these comparisons. For by means of the 
sliding horizontal rods, the vertical conducting part of the wire 
may be shortened in an instant; and, in the second case, it is 
only necessary to slide up the compass to different distances, 
which may likewise be done so quickly, that it will not be neces- 
sary even to have recourse to the standard compass.” 

“ It is fortunate also that the calculation here alluded to is of 
the simplest kind. For denoting the length of the wire by 2 J, 
and the distance of the compass by d; assuming also x as any 
variable length, the corresponding elementary action at this 

distance will be ——y and the sum of these actions will be 

© 1 x 
Sd es OTT, FAM, — 

Sz + x? d * i da’ 

which vanishes when x vanishes; and which, therefore, when 
) : 2 fi 

« = /, and the two lengths are included, becomes = arc. tan. re 

consequently if we denote the deviation, as we have done above 
by 4, we ought to find this force vary inversely as tan. A, or 

cot. A 5 arc, tan, a = a constant quantity. 

“ The following are a few out of numerous experiments of 
this kind which [ have made, and which have been all found 
equally satisfactory. 
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« Experiments to determine the Magnetic Deviation caused by a 

pis Eas vertical Wire at different Distances. Length of ver- 
tical Wire 36 Inches. 

2 
Value of a arc. 

Deviation by [Distance of the |Mean * obser- Constant’) rah 
spies com- ects ei a deviation L tan, 1 hg duet (A ee A 

35° 0’ | 12inch.| 5° 37’ | 18772 | 190880 
Ditto 8 4-11. 15: | 34-100 | 171432 
Ditto 6 16 30 | 47-712 | 161062 
Ditto 4 26 30 | 77-500 | 154440 

ee 

Mean 164728 

“When it is considered that these observations were made on 
a compass needle only one inch in length, and that the divisions 
extended only to quarter points, it is impossible to expect a 
closer approximation. The needle and card, however, beng 

delicately suspended, and the latter very distinctly divided, 

could depend upon my observations to the nearest degree ; for 
by means of a strong magnifying power I could always bisect 
and trisect the quarter points without any very sensible error.” 

Mr. Barlow next gives some experiments to determine the mag- 
netic deviation caused by a vertical galvanic wire; the length 
being varied, but the distance constantly nine inches ; and having 

thus far verified his hypothesis by experiment, he proceeds to 
the consideration of the deviation in different azimuths ; but as 

the limits to which we are confined will not allow us to follow 
him, we must terminate our notice of the section with some of 
his concluding remarks. 

« My results,” he says, “ are necessarily only approximate ; 
because I have throughout supposed the needle indefinitely 
short in comparison with the distance and length of the wire ; 
but by this means I have rendered the subject perfectly intelli- 
gible to every one; whereas had I taken the actual case of the 
reciprocal action of every particle of the fluid in the wire upon 
every particle in the needle, and had been able to complete the 
investigation, it could only have been understood by a few 
mathematicians; at the same time the minute corrections thus 
introduced-would not have been appreciable in the comparison 
of the results with experiments ; these latter being necessarily 
both liable to small irregularities, and difficult to observe.” 

«Tt will have been noticed that I have only attempted to 
illustrate the nature of the action which has place between a gal- 

* “ Thatis, the mean of two observations at each station of the compass; the contact. 

being changed, The same is to be understood of the deviation with the standard com. 
pass.” : 

eee 



1823.] Proceedings of Philosophical Societies. 461 
vanic wire and the compass, and not that of one galvanic wire 
on another. What modification the hypothesis may require to 
explain the latter class of phenomena, will be examined here- 
after. Ihave hitherto supposed only one species of action in 
the galvanic wire, but it is highly probable that it is compound, 
and that while the north end of the needle is carried in one 
direction by the action we have supposed, the south end is car- 
ried in an opposite direction ; not merely as a consequence of 
the first force, but by a distinct power. This will not, however, 
in any respect, affect our investigation; because both forces 
lead to similar results. .... . I am well aware of the difficulty of 
conceiving the mechanical principles by which such a tangen- 
tial force, as is here assumed, can operate; but, on the other 
hand, it must, I think, be conceded, that the simple power of 
attraction is equally difficult to conceive, and that we admit it, 
not from having any idea of the modus operandi, but because we 
find that it leads to results that are consistent with actual obser- 
vations ; and I have endeavoured to show, in the preceding 
pages, that the force we have assumed is admissible upon pre- 
cisely the same ground.” 

The third section of this part contains a course of electromag- 
netic experiments, “ due to the several ingenious philosophers 
who have interested themselves in this pursuit;” and in which 
Mr. Barlow endeavours “ to show their mutual dependencies 
on each other, and their general agreement and particular con- 
nection with the mathematical theory advanced in the second 
section.” 

These are succeeded by addenda to Sect. 12 and 13, Part I. 
“On the Magnetic Effects of Iron Masts on the Compass,” 
which terminate this valuable work, and from which it appears, 
that the contemplated employment of hollow iron masts in ships 
of war, in lieu of those at present in the service, will be product- 
ive of no disturbance on the compass, under any circumstances, 
but what may readily be corrected by the method Mr, Barlow 
has proposed. 

ArticLe XII. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

April 17.—On the Application of the Liquids produced by the 
Condensation of Gases as Mechanical Agents. By Sir H. 
Davy, Bart. PRS. , 

It is well known that the elasticity of vapours in contact with 
the liquids from which they are produced at high poten pi 
increases in a much higher ratio than the arithmetical progres- 

/ 
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sion of the temperatures; but the great liberation of latent heat 
by compression, and its absorption by expansion, seem to render 
the mechanical application of them at temperatures greatly 
elevated above the boiling points of the respective liquids of 
doubtful economy. No doubt, however, in this respect, observed 
the President, can be entertained of those vapours which can 
only be produced under high pressures, and at common temper- 
atures. To illustrate this subject, Sir Humphry described the 
results of some experiments on the increase of elastic force in 
the vapours of several of the condensed gases; one of them, 
that of liquid sulphuretted hydrogen, which exerts a pressure 
of 14 atmospheres at 3°, becomes equal in pressure to 17 atmo- 
spheres at 47°. 
Among other experiments described in this communication, 

were some in which the author had liquefied prussic gas and 
sulphurous acid gas, by confining them with a portion of ether 
in glass tubes over mercury, and then raising the ether in 
vapour :—as this vapour condensed, the liquefied gas resumed 
its aeriform state, and cold was produced. , 

Sir Humphry concluded with some remarks on the probable 
applications in the arts of the condensed gases ; among which, 
besides their employment as mechanical agents, he suggested 
those of impregnating water with large quantities of carbonic 
acid and other gases, without the aid of mechanical pressure; 
and the ready production of cold, in consequence of the rapidity 
with which they evaporate. 

At this meeting a paper was also read, On the Temperature, 
at considerable Depths, of Fresh-water Lakes, within the Tropics. 
By Capt. Edward Sabine, FRS. in a letter to the President. 

Sir if. Davy had requested Capt. Sabine, while engaged in 
his late observations in the tropical regions, to make some expe- 
riments on the temperature of deep lakes, with a view of obtain- 
ing facts in illustration of that interesting object of inquiry, the 
temperature of the interior of the earth ; no opportunity of insti- 
tuting such researches had, however, occurred to him, but he 
had made one experiment on the subject, in a part of the Carib- 
bean Sea, which, from its confined situation, nearly resembled a 
lake ; and this experiment he proceeded to describe, from the 
original memorandums of it. 

At the period of this experiment, Capt. Sabine was on board 
one of his Majesty’s vessels, in lat. 20° 30’ N. and long. 83° 30’ 
W..; between the Caymans, and Cape St. Antonio, in the Island 
of Cuba. The weather was fine, with light airs, and the sea not 
swelling in a great degree. To the bottom of a line of above 
1200 fathoms, a strong iron cylinder was fastened, the top of 
which screwed down upon leather in order to prevent the entrance 
of the water, by the compression of which in the cylinder the 
temperature might be raised: within the cylinder was a Six’s 
self-registering thermometer, prevented, by means of springs 
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from coming into immediate contact with its sides. Above this 
closed cylinder was fastened another, full of perforations, to 
allow the water free passage through it, and likewise furnished 
with a thermometer. The line was let out in twenty-five minutes; 
and, by the lowest estimation, 1000 fathoms, or 6000 feet, was 
the perpendicular depth to which the cylinders descended: it 
was drawn back in fifty-three minutes, when, owing to the cir- 
cumstance that the top of the closed cylinder had not been 
screwed down sufficiently upon the leather, the sea was found 
to have entered it; in this, the thermometer marked 49-5°, and 
that in the perforated cylinder 45°5° ; the temperature of the 
surface of the sea was from 82° to + 83°, so that the difference 
of its temperature there, and at the depth above-mentioned, 
amounted to + 37°. , 

Capt. Sabine inferred from this result, that at a depth little 
exceeding that at which the experiment was made, the sea- 
water would be found to have attained its greatest density, sup- 
posing that point to be, as in fresh-water, a few degrees above 
the freezing point. He terminated the communication by some 
remarks on an experiment made by Peron, the result of which, 
as far as it was satisfactory, agreed with his own. 

At this meeting, likewise, the reading was commenced of 
A Continuation of Prof. Buckland’s Account of the Bones dis- 
covered in Caves in various Parts of England. 

April 24.—An Account of Experiments made to determine 
the Length of the Invariable Pendulum at various Places on the 
South American Station. By Capt. Basil Hall, FRS. in a letter 
to Capt. Kater, FRS. 

The places at which Capt. Hall had ascertained the Length of 
an Invariable pendulum belonging to the Board of Longitude, as 
detailed in this paper, were the following: The volcanic island 
of Abingdon, one of the Gallapagos ; the sea-port of San Blas on 
the coast of Mexico ; and Rio de Janeiro on the coast of Brazil. 
He stated, among various other circumstances, that he had 
unsuccessfully endeavoured to simplify Capt. Kater’s method of 
determination ; and he intimated that he purposed to make some 
experiments on the actual effects of heat upon the pendulum, 
independently of all theoretical considerations. 
May 1.—On the Expansion by Heat of Gases in various 

States of Condensation and Rarefaction, being an Appendix to 
a former paper on the Application of the Gases, condensed into 
Liquids, as Mechanical Agents. By Sir H. Davy, Bart. PRS. 
The experiments of MM. Gay-Lussac and Dalton have 

shown, that the gases expand equally for equal increments of 
heat, at all temperatures between 32° and 212°; but the Presi- 
dent was not aware that any direct experiments had been insti- 
tuted with the view of determining whether the same law 
‘prevailed with regard to the respective aeriform bodies at differ- 



464 Proceedings of Philosophical Societies. (June, 
ent degrees of density ; and had, therefore, been induced to 
make some researches on the subject. A portion of atmospheric 
air was heated in a glass tube from 32° to 212°, and the space 
which it then occupied accurately marked; the experiment 
being made with air, confined by the pressure of 30 and 65 
inches of mercury, it was found to occupy the same space as 
the air under common pressure ; the same result was obtained 
when the air was six times condensed, and also when it was 
once, twice, thrice, and fifteen times rarefied. 

At this meeting, the reading of Prof. Buckland’s paper, which 
had been begun on the 17th of April, as above stated, was 
resumed and concluded. 

Mr. Buckland had mentioned, at the end of his former paper 
that another cave, similar to the one he had examined at Kirkdale, 
had been discovered at Kirby Moorside, and that it had been 
closed up by the proprietor C. Duncombe, Esq. until some qua- 
lified person should be present to inspect it in its undisturbed 
state. The author went into Yorkshire to examine it, last July, 
in company with Sir H. Davy and Mr. Warburton; and though 
it contained not a single bone, yet its circumstances with respect 
to diluvial sediment and stalagmite were precisely analogous to 
those of the cave at Kirkdale, and fully confirmed his account 
of, and reasoning upon them. The second part of this paper 
related to a fissure of postdiluvian origin in Duncombe Park, 
the existence of which had not been known to Mr. Duncombe 
until the author’s late visit. It lies open, like a pit-fall (par- 
tially concealed by bushes), across. the top of a limestone hill on 
the west side of the valley of the Rye; its direction is oblique, 
and it has several ledges, at different depths, and various irregu- 
lar lateral openings. It contains neither mud nor pebbles, but 
upon the ledges lay the dislocated skeletons of various animals 
that had recently fallen in and perished; comprising those of 
dogs, sheep, deer, goats, and hogs, &c. They were not imbed- 
ded in loam or covered with’stalactite ; the bones did not adhere 
to the tongue ; retained much of their animal matter ; and were 
evidently much more recent than those found in the cave at 
Kirkdale. 

From the circumstances of this fissure and its contents, Prof. 
Buckland proceeded to illustrate the origin of the assemblages 
of bones in the Plymouth and other fissures and caves connected 
with them. The number of such fissures which are met with, 
filled with diluvian detritus, he observed, evinces that open fis- 
sures must have been more numerous in the antediluvian state 
of the earth than at present ; and as it is the habit of graminivo- 
rous animals to be constantly traversing the ground, in all direc- 
tions, in the act of cropping their food, they would often be 
liable to fall into them, and actually do so in Derbyshire, and the. 
limestone districts of South Wales; while carnivorous animals 
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would, from their different habits, be less exposed to such acci- 
dents ; and this circumstance affords a probable reason why the 
bones of the latter are less abundant in fissures than those of the 
former class of animals. 

In the third section of this communication, Mr. Buckland 
described the caves discovered at Plymouth in 1822, referring 
to Mr. Whidbey’s account already before the Society (and 
reported in the Annals for March, p, 233—235): the Plymouth 
caves consisted of fissures traversing the rock in all directions, 
some vertical, some oblique; and the reason why several of them 
appeared at first to Mr, Whidbey to have had no communication 
with the surface, was, that they were first opened at their lower 
extremity, where they ended in a cul de sac, and traversed the 
rock so obliquely as not to reach the surface, but at a distance 
from the working face of the quarry. A cave discovered at 
Wirksworth, in Derbyshire in Dec. 1822, containing the entire 
skeleton of a rhinoceros, and the bones and horns, &c. of deer, 
and another at Paviland, near Swansea, containing bones of the 
elephant, rhinoceros, bear, hyawa, wolf, ox, horse, and a human 
female skeleton, with various indications of human habitation, 
were likewise described ; and the paper concluded with an exa- 
mination of several hypotheses by which the phenomena of the 
various assemblages of animal remains adverted to, might be 
explained, showing, that the only satisfactory manner of 
accounting for the presence of the mud and pebbles, is to attri- 
bute them to diluvial origin ; and that with regard to the bones, 
they must be divided into five classes. 

1. Those of carnivorous animals that retired spontaneously to 
the caves to die during successive generations m the period 
immediately preceding the deluge, as in the case of the bears’ 
bones in the caves of Germany. 

2. The remains of animals that were dragged in as food by 
beasts of prey. during the same period, as in the case of the 
various remains in the cave at Kirkdale. 

3.The remains of animals that fell into and perished in the open 
fissures and caves connected with them in the period preceding 
the deluge, as in the case of the bones at Plymouth and Gib- 
raltar. 

4. The remains of animals that were washed in together with 
the mud and pebbles at. the deluge, as in the case of the entire 
skeleton of a rhinoceros, nea ; Wirksworth. 

5. The remains of animals that have entered caverns or fallen 
into open fissures since the period of the deluge, as in the case 
of the human bones in the open cave at Paviland, and the bones 
of dogs, deer, &c. in the open fissure at Duncombe Park. 
May 8.—At this meeting, Prof. Oersted attended, and was 

admitted a foreign member of the Society; and he was justly 
womeplaganee by the President on his brilliant discovery of the 

ew Series, VOL. V, 2H 
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magnetic effects of electricity, for which the Society had already 
awarded him the Copleyan medal. 

The reading of Prof. Buckland’s Account of Bones disco- 
vered in Caves and Fissures in various Parts of the Continent, 
was commenced. 
May 15.—At this meeting, the reading of Prof. Buckland’s 

paper was resumed and concluded. 
Ir. Buckland examined the caverns alluded to in the summer 

of 1822, and found that all their characters and phenomena con- 
firmed his former conclusions respecting them and the English 
caves: they all contain either diluvian mud, or diluvian sand 
and pebbles, covered with one coat of stalagmite only; the bones 
are imbedded inthe mud, &c. and are often united with it by the 
infiltration of stalagmite, into an osseous breccia, resembling 
that of Gibraltar and the coasts of the Mediterranean. The 
caverns are in limestone rocks of different ages and formations, 
and all their circumstances concur to show that the bones they 
contain had existed in them previously to the inundation by 
which the mud and pebbles were introduced. 

The cave at Scharzfeld, in Hanover, on the west border of 
the Hartz Forest, is in magnesian limestone analogous to that of 
Sunderland, being the first floetz limestone of Werner; it is 
situated at the elevation of 500 feet above the level of the near- 
est river, and it consists of one large chamber, with numerous 
smaller lateral connexions. Its floor of stalagmite has been 
much broken up by visitors in search of bones and teeth of bears 
and hyenas, but principally of bears. The lower cavities and 
under vaultings of this cavern have been wholly filled up with a 
mass of mud, pebbles, and bones, in which artificial excavations 
have been made for the purpose of extracting the bones, and it 
is only in these artificial cavities that any bones or teeth are 
found adhering to the sides or roof. In one of the smaller cavi- 
ties, Prof. Buckland found the fractured head of a bear imbedded 
im ope and having a large pebble lodged in the cavity of the 
skull. 

The Bauman’s cave situated on the north-east side of the 
Hartz, near Elbingrode, is so called from a miner, who, in 1670, 
went into it in search of ore, and having wandered about in it 
three days and nights, came out, so exhausted, that he almost 
immediately expired. It is in transition limestone, and is ele- 
vated about 100 feet above the river Bode, and as that river 
could not rise ten feet without inundating the adjacent village of 
Rubeland, the mud, &c. which the cave contains could not have 
been deposited by the floods of the river. This cavern contains 
a great quantity of large pebbles. The bones in it are partly 
imbedded in loose sand and mud, and partly united with the 
large pebbles into a solid breccia. Those in the breccia have 
been much broken, and some of them crushed to pieces (as if 
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in a mortar) by the movement of the heavy pebbles to which the 
crushed fragment still adheres united by stalagmite. The bones 
that lie in mud and sand in the same vault have not been thus 
broken, Over the whole there isa crust of stalagmite, like that 
in the other caverns. 

The general aspect and state of the bones in all these caverns, 
and the circumstances attending them, are very similar to those 
the author had observed in cavernous fissures at Plymouth. 

The caves in Franconia are situated in an elevated tract of 
land which forms one of the central water-heads of Europe, near 
the sources of the Mayn and Naab, and between the towns of 
Nurenberg, Bareuth, and Bamberg. They are in a bed of lime- 
stone locally called hohlen kalk (hole limestone), being a variety 
of the Jura limestone, or younger alpine limestone of the Con- 
tinent. , 

This district is full of caverns, many of which are crowded 
with bones (principally of bears), while others are wholly desti- 
tute of them; but in all, there is an accumulation of diluvial 
sediment covered for the most part with a single crust of stalag- 
mite. Those selected for description are the caves of Forster’s 
Hole, Rabanstein, Zahnloch, Gailenreuth, and Ktthloch. The 
author has attended particularly to the evidences of diluvial 
action within them all, and finds that in each case the mud and 
pebbles were superinduced upon the bones of animals which had 
died and beccme accumulated in their dens in the antediluvian 
period when wild beasts inhabited these countries. Forster’s 
Hole is most remarkable for the beauty of its stalagmite and 
roof. In Rabenstein, the bones and mud have been but little 
disturbed. From Zahnloch they have been extracted for centu- 
ries, and used under the name of bones of the licorne, or fossil 
unicorn, for imaginary medical virtues. In this cave there is a 
block of stone which is polished, apparently by friction from the 
skin and paws of the antediluvian bears. At Gailenreuth, there 
is an accumulation of bony breccia 30 feet deep or more, as the 
bottom has not yet been penetrated ; and in Kihloch, so great 
a mass of black animal earth with bones dispersed through it, 
that, allowing two cubic feet of matter for the exuvie of each 
individual, this single cave must contain the remains of at least 
2500 bears, a number which may have been supplied in 1000 
years by a mortality of two and a half per annum. The cave in 
which this singular mass is found was probably the lowest part 
of a laree and connected series of caverns inhabited by bears, 
and into which, during successive generations, these animals 
retired to die. The animal matter covers the entire floor to the 
depth of about six feet, which, being multiplied by the length 
and breadth of the cave, shows the total quantity to be not less 
than 5000 cubic feet: the bones and teeth dispersed through 
this dust are much decayed, and readily crumble into the same 
dark umber-coloured powder as that which forms the greater 
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part of the matrix in which they are imbedded. Jn this cave 
there is no stalagmite, neither are there any pebbles ; its animal 
earth also is peculiar, but the author points out in its situation 
and circumstances sufficient causes to account for these appa- 
rent anomalies. 

Professor Buckland concluded this communication with some 
general remarks on the caves in Germany, among which were 
the following: 1. The present entrances to them were not their 
original openings, but are only truncated portions of their lower 
branches laid open by diluvial denudation: 2, The diluvium they 
contain is either loam, sand, or pebbles, but more commonly a 
mixture of all three, through which the bones lie interspersed, 
and the whole mass has often been indurated into an osseous 
breccia, like that of Gibraltar. 3. The loam has not been pro- 
duced by the decay of the flesh or bones, or of the rock in which 
the caye exists, but it agrees, in chemical constitution, with 
that of the diluvial beds of the adjacent country. 4. The num- 
ber of caves in which any bones at all are found, is compara- 
tively very small, but where they occur it is usually in enormous 
quantities. 5. Every circumstance tends to evince, that the mud, 
pebbles, &c. were washed in by the deluge upon the bones 
already existing in the caves : if, on the contrary, all the bones 
had been drifted in by the diluvian waters, they would be found 
dispersed in small quantities only, and in numerous caves. 
6. There is only one superficial crust of stalagmite in any of the 
caves, and no alternations of mud, pebbles, and bones, but 
simply one confused mass covered by a single crust of stalag- 
mite. 7. The identity of the period in which the animals lived 
whose remains occur in caves, fissures, and diluvial gravel or 
loam, is shown by the agreement of the species of animals 
whose remains they contain; since it appears that the extinct 
hyena, bear, elephant, and rhinoceros, occur, with many other 
animals, in diluvial gravel beds, as well as in caves; while the 
extinct tiger is found, together with the remains of horses, oxen, 
deer, &c. in fissures and caverns, as well as in superficial beds 
of diluvial gravel. The period also in which the animals lived, 
whose remains are found in the breccia of Gibraltar, is shown to 
be the same as that ia which the hyenas inhabited the den at 
Kirkdale, and the bears the caves of Germany, viz. that imme- 
diately preceding the deluge. 8. The author concludes that the 
inundation which destroyed these animals was transient and 
universal ; that it also covered the highest mountains ; and that 
it took place at a period which cannot have exceeded a few 
thousand years ago. To these are added some important exam- 
ples of the effect of the diluvian waters in the excavation of 
valleys, and of the accumulations of diluvial gravel in Britain, © 
and in other parts of the world. 

At this meeting, the reading of the following paper was also 
commenced, and the completion of it postponed to another 
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meeting :—An Account of a Magnetic Balance, and of some 
Experiments on Magnetism recently made with it. By William 
Snow Harris, Esq. Communicated by the President. 

In consequence of the approaching festival, the Society then 
adjourned over one Thursday, to meet again on the 29th of May. 

LINNEAN SOCIETY. 

April 1.—Remarks on a Minute Luminous Insect frequently 
observed in the course of a voyage to India, By Major-Gen. 
Hardwicke, FLS. &c. 

This insect, to which the author would not venture to give a 
name, is three lines in length, by one and a half in width; is 
oblong, ovate, depressed, and so thin as to be semitransparent : 
it consists of nine segments, which are all provided with hairy 
tufts, apparently legs ; the first segment contains the head and 
the thorax. After being taken up from the sea, it remained 
luminous for an hour, in a bucket of salt-water; and, for somé 
minutes, in the hand. Some of the small cancri are luminous, 
as well as some of the onisci ; Gen. Hardwicke considers that 
the insect above described approaches more to the former genus 
than to the latter one. 

At this meeting, the reading of the following paper was com- 
menced :—Commentary on the second Part of the Hortus 
Malabaricus. By Francis Hamilton, MD. &c. 

On April 15, and May 6, the reading of Dr. Hamilton’s 
paper was continued. 

GEOLOGICAL SOCIETY. 

May 2.—A paper was read, on the Geology of Upper Canada. 
A notice was read, on the Discovery of a large Fossil Elephant’s 

Tusk, near Charmouth, Dorset. By H. T. dela Beche, Esq. 
MGS. 

A. paper was read, entitled, ‘‘ Observations on the Genus 
Actinocamax.” By J.S8. Miller, Esq. ALS. 

A paper was read, on the Belemnites of the Chalk and alluvial 
Strata of Norfolk and Suffolk, with Notices on their Localities, 
and accompanying Fossils. By Richard Taylor, Esq. 
May 16.—A memoir was read, on the Geology of Southern 

Pembrokeshire, from the observations of H. T. de la Beche, 
Esq. FRS. FLS. MGS. and the Rev. W. D. Conybeare, FRS. 
MGS. &c. Drawn up and communicated by the former. ' 

This memoir is accompanied by a map, and extensive sections 
of the coast. The constituent formations occurring in this dis- 
trict are as follows, beginning with the lowermost: 1. Trap. 
2. Greywacke. 3. Old red sandstone, 4, Carboniferous lime-~ 
stone. 5. Coal measures. 
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ArtTicLte XIII. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE, ’ 

I. Action of Phosphorus and Water. 

Ir is well known that when phosphorus is kept in water, the sticks, 
although at first transparent, are covered with a white opaque crust, 
which eventually becomes of a reddish-yellow colour. 

Wishing to determine the nature of this change and the circum- 
stances by which it is accelerated or retarded, I placed translucent 
sticks of phosphorus in two vials nearly filled with distilled water. One 
of the vials was exposed to day-light, and occasionally to the direct 
rays of the sun. In a few hours, that side of the cylinder of phospho- 
rus which was exposed to the light became opaque, and the water 
acquired a peculiar smell. On putting litmus paper into the water, it 
became of a red colour, indicatingthe presence of an acid, and which 
was probably the phosphorous acid, or a mixture of that and the phos- 
phoric: this I did not determine. I now added some of the water to 
solution of nitrate of silver, and another portion to solution of proto- 
nitrate of mercury; in both cases, a dark-coloured precipitate was 
formed, which is a well-known characteristic of the presence of phos- 
phuretted hydrogen. By exposure to air, the solution loses its power 
of giving a dark-coloured precipitate with silver and mercury, owing 
partly to the evaporation of the phosphuretted hydrogen, and proba- 
bly more to its conversion into phosphoric acid and water by absorbing 
oxygen. After nearly a month had elapsed, I examined the pieces of 
phosphorus which had been excluded from the action of the light ; the 
water in which they had been immersed was slightly acid, and gave indi- 
cations of the presence of phosphuretted hydrogen in a slight degree; 
the action, however, which had taken place was so trifling that the 
transparency of the phosphorus was scarcely at all diminished. 

From this statement, it is evident, that phosphorus has the power of 
decomposing water; that oxide of phosphorus is first formed, and 
eventually phosphorous or phosphoric acid; and that the hydrogen of 
the water forms phosphuretted hydrogen, with a portion of the phos- 
phorus; and, lastly, that these effects are much accelerated by the 
action of light.—Zdit. 

Il. Phosphate of Uranium. 

In the Annals for January last, I gave an analysis of the green ura- 
nite from Cornwall, and I stated my reasons for supposing that the 
uranite from Autun, which has the same crystalline form as the 
Cornish, was also a phosphate of uranium, Mr. Heuland having had 
the kindness to present me with some of the French uranite, I subjected 
it to examination, and found, as I had supposed, that it is a phosphate. 
Joseph Carne, Esq. of Riviere, has also been so good as to supply 
me with a new variety of the uranite from Cornwall; this, instead of 
being crystallized in square plates, and of a green colour, is composed 
of fibres radiating from a centre; this I also submitted to examination, 
and found it to be similar to the specimens above alluded to.—Edit. 
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III. On the Question as to the Existence of Metallic Veins in the T: vansition 
Limestone of Plymouth. By the Rev. Richard Hennah. 

(To the Editor of the Annals of Philosophy.) 

SIR, Citadel, Plymouth, May 13, 1823. 

I have been prevented by illness and other circumstances from 

attending so early as I wished to your note annexed to my letter, on 

the subject of metallic veins in the Plymouth limestone, inserted in the 

28th number of the Annals of Philosophy. 
I have called on Edmund Moss at Cat-Down this day, not with a 

view to remove any doubts on the subject existing in my own mind, 

for there were none, so much as to satisfy your correspondent on the 

point in question. In answer to my inquiries, he said, that he had 

worked in the lime-quarries at Cat-Down and the neighbourhood 

upwards of 40 years, and had never observed any mineral whatever, or 

quartz, in mass in any of them. He recollects, however, selling some 

time ago to a dealer in Plymouth, a few specimens from the lime, and, 

among them, one or two from the vicinity of Tavistock; but that the 

latter were totally different from any thing we had in our quarries. 

I have also asked several other quarrymen, some of whom have been 

so employed for 12 or 15 years, whether they ever met with, in their 

workings, any veins of any of the metals, or quartz in quantity among 

the limestone of Plymouth? To which they have invariably answered, 

No, and seemed to wonder at my asking such a question, as at a thing 

never heard of. 
I shall feel obliged, therefore, by your inserting the above, not only 

for the purpose of satisfying your correspondent, but because it may 

also be not unacceptable to your numerous readers in general. 

I remain, Sir, your obedient servant, 
RicHARD HENNAH. 

ArTIcLeE XIV. 

NEW SCIENTIFIC BOOKS. 

PREPARING FOR PUBLICATION. 

Mr. E. W. Brayley, Jun. is preparing a work on The Natural 

History of Meteorites, or of those remarkable masses of iron and of 

earthy and metallic compounds, which, at different periods, have fallen 

from the atmosphere, as well in England, as in many other countries ; 

including remarks on their probable origin. With a Historical Intro- 

duction, showing that the worship of them was widely prevalent in 

former ages, and that it still continues in certain Pagan countries; and 

an Appendix of Tables, &c. In 1 vol. 12mo. illustrated by Plates and 

Diagrams. 
Mr. J. F. Daniell has in the press a volume of Meteorological 

Essays. 
Mr. Patrick Syme is preparing a work on British Song Birds, to be 

illustrated with 15 coloured Engravings, 



472° - New Patents. [JuNE, 

_A New Edition of Dr. Gordon’s Forensic Medicine, which will con- 
tain an accession of much valuable matter. 

Another Edition also of Mr. T. Peckston’s work on Gas-Lighting 
will shortly appear, and will contain several alterations, and consider- 
able additions. 

_ Mr. T. Tredgold is about to publish an Essay on the Principles and 
Practice of Heating by Steam. 

Illustrations of the Mode of maintaining Health, curing Diseases, 
and protracting Longevity, by Dr. Forster, will shortly be published. 

In the press, Practical Remarks on Fractures at the upper Part of 
the Thigh, and particularly Fractures within the Capsular Ligament, 
by Mr. Earle. 

Mr. R. Meikleham has in the press, A Practical Treatise on the 
various Methods of heating Buildings by Steam, Hot Air, Stoves, and 
open Fires. 

JUST PUBLISHED. 

‘Medical Jurisprudence, comprehending Medical, Chemical, Anato- 
mical, and Surgical Investigations applicable to Forensic Practice; for 
the Instruction and Guidance of Coroners, Magistrates, Barristers, and 
Medical Witnesses. With a copious Appendix of Statutes, Cases, and 
Decisions. By John Ayrton Paris, MD. FRS. FLS. and John Fon- 
blanque, Esq. Barrister-at-Law. 3 Vols. 8vo. 1/. 16s. 

The Geography and History of America and the West Indies; exhi- 
biting a correct Account of the Discovery, Settlement, and Progress, 
of the various Kingdoms, States, and Provinces of the Western Hemi- 
sphere, to the Year 1822. Illustrated by several coloured Maps, 
Charts, and Views. Svo, 18s. 

An Exposition of the Principles of Pathclogy, and of the Treatment 
of Diseases. By Daniel Pring, MD. 8vo. 14s. Boards. 

Elements of Pharmacy, and of the Chemical History of the Materia 
Medica. By Samuel Frederic Gray, Lecturer on the Materia Medica, 
&c. 8vo. 10s. Boards. 

ARTICLE XY. 

NEW PATENTS. 

’ P. Chell, of Earle’s-court, Kensington, Middlesex, engineer, for 
certain improvements on machinery for drawing, roving, and spinning 
hemp, flax, and waste silk.— Feb. 18. 

A. Applegath, of Duke-street, Stamford-street, Blackfriars, Surrey, 
printer, for certain improvements in printing machines.— Feb, 18. 

T. Bury, of Salford, Manchester, dyer, for improvements in dyeing 
or producing a permanent nankeen colour on cotton, wool, skein-yarn, 
and certain other articles.—Feb. 18. 

F. Deakin, of Birmingham, sword-maker, for improvements in piano- 
fortes, and other stringed instruments.—Feb. 18. 

W. Church, of Nelson-square, Surrey, gentleman, for.an improved 
i pes for printing, te be used by type, block, or plate printers.— 
eb, 18, 
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ARTICLE XVI, 

METEOROLOGICAL TABLE, 

Se 

BArometenR,| THERMOMETER, Danicll’s hyg. 

1823, Wind. | Max. | Min. | Max. | Min. Evap. | Rain. at noon. 

4th Mon 
April 1]S W/|30°16,.29°86| 66 46 _ 

28 W)29:90\29'86| 56 39 —_ 02 
3| W_ |29°90/29'54| 52 4A — 15 
4IN W/29'54\29'18| 54 43 — 22 
5IN W/)29°29.29°18] 55 39 — 35 
6IN W/{29°83 29°29) 47 40 _ 18 
7| N_ |29:98,29°83| - 53 30 — 07 
SN E29 98,29°93} 51 38 — 
QIN E30°21\2993| 56 31 -- 

10| E~ |30°32\30°21} 55 29 — 
11|° E |30°30/30°28| 56 25 “SI 
12\N —E)30°28/30°23] 46 30 — 
13|IN —_E|30°23/30°22} + 50 39 _ 
14 E~ |30°45|50°22| 52.| 39 panne ee 
15] Var. |30°46/30°29| 56 35 — 
16} W_ {302930710} 56 46 _ 02 
I7IN W30'10\29:75| 64 40 —_ 
18IN  W 29:75|29°60| 55 33 Sag ania 
19IN W30:01/29°62} 50 28 — 05 
20IN W)30:07|30-01| 50 35 — 
21'S W)430'01\29:93] 50 28 *82 

2} E_ |29:93\29°54| 60 39 —_ 

23} E_ |29°65/29-40| 60 42 — 24, 
24IN  E/29°99'29'65} 55 30 as 
25/5 W_29:9929'84| 55 | 44 | — | 03 
26|S E)30°1029°84| 53 36 — 48 
27\N_ _ E)30°28'30°10} 54 27 —_ 
28IN W430°35 30°28) 55 34 — 
29|IN E30°53)30°35|} 60 30 a 
30)S E 30°53'30°49| 65 30 *72 

50°53}29°18| 66 27 2°35 | 1S] 

The observations in each line of the table apply to a period of twenty-four hours, 
beginning at 9 A.M. on the day indicated in the first column, A dash denotes that 
the result is included in the next following observation. 
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REMARKS. 

Fourth Month.—1,. Fine. 2. Cloudy: windy. 3. Morning fine: rain in the 

evening. 4, 5. Rainy. 6. Cloudy. 17. Showery. 8. Cloudy. 9—lI1. Fine. 

12, 13, Cloudy. 14. Cloudy: a few drops of rain. 15, 16. Cloudy. 17. Fine. 

18, Fine: a shower of hail about noon. 19. Fine: a shower of hail about four, p.m. 

20, Fine: wind cold. 21, 22. Fine. 23. Cloudy. 24, 25. Fine. 26. Rainy. 

27. Fine. 28. White frost in the morning. 29. Fine. 30, White frost, with fog in 

the morning, | 

RESULTS. 

Winds: N,1; NE,7; E, 5; SE, 2; SW, 4; W,2; NW,8; Var.1. 

Barometer: Mean height 

For the month, ....cecvcccscscccccccescceesceseess 29°982 inches. 

For the lunar period, ending the 3d. .....-.e.0+-+-2- 29°964 

For 14 days, ending the 8th (moon south) . ........ « 29°900 

For 13 days, ending the 2Ist (moon north) ......... 30°110 

Thermometer: Mean height 

Hor Ue MOM. ae susin aves 06 nasscens eatelureatsen samy SOCISS 

For the lunar period... ..eesssse0 seccteccevviccccces 42°266 

For 31 days, the sun in AricS ....eceesseceesscseess 45°096 

Evaporation. ......+++- «880s ccecccccccsacdeceteversenvesecceivccce SOU INs 

Rain. POP OPM R HEED e ee eee HO OHHH HOE EH EH He meae reese rest seSeeeeeeese 1-81 

Laboratory, Stratford, Fifth Month, 24, 1823. : R. HOWARD. 
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