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IX. Ge}}?:r;:.!.ﬂ:fm:s on Bituminous Subflances, with a Defcription of the
Varieties of the Elaftic Bitumen. By Charles Hatchett, Efy. F.R.S.
Lond. and Edinb!'F. L. S. &c.

Read May 2, Fune 6, and fuly 4, 1797.

$ .
YT is now generally believed that the bituminous fubftances are
not of mineral origin, but that they have been formed from
certain principles of fubftances belonging to the organized king~
doms of Nature, which, after the lofs of aninral and vegetable life,
have fuffered confiderable changes by long contact and union with

mmeral bodies.
3 Thefe changcs have been - howevm fo confiderable;  that the

bftumf:ns canno longer be referred to their. firft origin, and they are
therefore regarded by general confent as forming part of the prefent

mineral fyftem,
1 The bltummnus {fubftances are :
talbiqgiar y Naptha, |
Al 3t 25 2id1 o glPetnolehmy;
Mineral Tar,
vt 1 | f Mineral Pitch;
Afphaltum,

: -;VGL. IV. S Jet,
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Jet,
Pit Coal,
Bituminous Wood,
‘Turf,
Peat, and
thofe combinations of the oxides of certain metals with bitumen
called Bituminous Ores¥,

“Thofe who are acquainted with the nature of thefe fubftances
will immediately perceive, that they may be formed into two divi-
fions : the firlt of which confifts of fimple {pecies, or unadulterated
bitumens: and the fecond is compofed of bitumen mixed or com-
bined with the earths, vegetable matter, and metallic oxides; fo that
thefe appear to merit the name of compound {pecies.

I fhall now firlt confider how the fimple fpecies are conneéted
with each other.

82,

I'T has been the opinion of fome eminent Naturalifts and Chemiits,
that naptha is an ethereal oil produced from the more compaét
and folid bitumens by a fort of natural diftillation. This however
appears to be an hypothefis founded upon analogy, and fupported
only by a few local faéts which may often be queftioned. But
many facts and obfervations concur to prove that the contrary moft
frequently happens, and that the compa@ bitumens are often, if
not always, formed from naptha and petroleum by infpiffation.
I will not however now infift upon the proofs of this, as the varie-

* As Lintend only here to notice the modifications of naptha and petroleum, I have
not mentioned amber and the honey-ftone.

108
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ties of the elaftic bitumen, which I fhall foon defcribe, will be
{fufficient for the purpofe®.

NAPTHA.

NapruA is a fubftance well known to Mineralogifts as a light,
thin, often colourlefs oil, highly odoriferous and inflammable,
‘which is fometimes found on the furface of the waters of {prings,
and at other times iffuing from certain ftrata.

When expofed to the air, it becomes at firft yellow, afterwards
brown, and in the like proportion it thickens, and paffes into

PETROL orn PETROLEUM.

~ 'T'u1s has a greafy feel, is thicker than the preceding {ubftance,
is tranfparent or femitranfparent, and of a reddifh or blackif(h brown
colour. By air it becomes like tar, and then is called

MOUNTAIN ot MINERAL TAR, Brtumen PETROLEUM
TARDE FLUENS.

Tuis fubftance is vifcid, and of a reddith or blackith brown or
black: -When burned, it emits a difagreeable bituminous fmell, and
by expofure to the air it pafles into

* Bergman was of opinion, that the liquid bitumens were often, if not always, formead
From thofe which are folid, by the means of fubtetrineous heat ; and exprefles himf{elf thus :
** Ceterum ad fidem pronum eft, naptham, petroleum, bituminofolque liquores, quibus
abindat Afia, plures harum materierum exhibens non tantdm featurigines, fed rivulos
Quoque, quibus etiam, parcius licet diftributis, Aultralis Europa non caret ; probabile,
" inquam, eft, has pinguedines liquidas variis antea terris inhxhie exficcatas, et mediznte
talore fubterraneo, fi non femper, fzepe tamen fluiditatem recuperific.  Novimus ignem
fe alto haud raro agere, quamvis in fuperficie vix obfcura ejufdem indicia inveltigare
ficsat: novimus preeterea e ficco aluminari fehifto petroleum extorqueri juflo caloris
- gradu, cui arte exponitur,—Bergman de Prodiétis Vulcaniis Opuferday tom, iii. p. 238,

S2 MOTUN-
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AMOUNTAIN or MINERAL PITCH—Brrumen MALTHA. |

TuE mineral pitch muchirefembles common pitch, and, whew
heated, emits a ﬂmng unpleafant odour, like the. former fubﬁgnce.
When the weather is cold, it may be broken, and then exhlblts,
internally, a glaffy luftre ; but when'warm, it is {oftened, and pof-
fe(fes fome tenacity. It is however Fufceptlble Df a fupcnbr d’egt'ce
of induration, and then becomes Y0 g ln -{'U“L

SRLY I 0T
ASPHALTUM—BiTuMEN ASPRALTUM—PETROLEGH &
INDURATUM,

Tuzs is a lwht brittle fubftance, of atrownifh black, or h,l.ack,
When broken, it fhews a conchoidal fr*u':'!:m:c with a gIaﬂ'}r Tu'ﬂrv:.
It has little of the bituminous odour, unlefs it is rubbed or l‘iesﬂed
It cafily melts, is very inflammable, and, when pure, biirns without
leaving any athes. ' AT S

In this manner, napth a, by mf]nﬂ'atmn, paﬂ'es I'ucce{ﬁvely thrnug‘h.
difterent ftates until it becomes afphaltum, which appears to be the
ultimate degree of induration which tl‘u: pure Eﬁ‘tum_c‘ﬁs‘”’d?:nvﬁd
from naptha can receive, Ml

I have at this time fpecimens before’ me “which'prove thefe
gradations ;. and I have-{een a rematkable Jinftance in a Dbitumen
brought from the Illand, of Trinidad, 'wh!-:,h E}ih‘lblts mmeral tqr
pafling mto mineral '[Jlt(‘.h? and laftly i mto afphaltum *, " «

# The progreilive n!mngcs of n—:prha into pn:méleum, mineral: tary mmemi ]ntnh, and
a(phaltum, appearf to be caufed by the gradual diffipation of part ofthe, hydrogen wof
the bitumen, and the confequent development or dilengagement of . casbon,, + Hencg; I'
am inchined to believe, arife the changes of colour, the degrees of infpiffation, and

the increafed proportion of carbon fﬂund in thofe fubftantes h]r chemical analygs.
I wouldd,
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- JFH’E dmﬁnn whlch comprehends the ﬁmple b:tummnus {ub-
ftances derived from napthd, may therefore be confidered as termi-
mating in afphaltum ;5 but Nature appears to have glided on by. an:
JAmnterrdpted  chain' whiehs conngéts. the fimple,. bltumcns with
thofe which we have called compound . and this. -:.illﬂ: is pmduaﬂd
by the gradual in¢reafe’of the carbonic principle, and the introduc-
tion ‘of extranéous matter,, the different quantity of which, toge-
'ther with the greates or, lels degree of mixture or of chemical union,.
‘octafion confiderable changes in thefe {ubftances, fo that they are
‘gradually. removed from thefe characters which, dii’tingui[h the
pure bitumens. . bt i B A
~Te form an- aq:curate table: of thele qradatmns, it would be ne-

maﬂ'arytn have: comparative analyfes of the different bltummous
ﬁ;hﬁams,lgnd alfo to,contraft the, a,nal:,rﬂ:s with: the pmpqlncs of
ithefd bodies..» But:at prefent: thefe, analyfes, for thc greater part,
~lare wanting 3 and although at fc:me_. future time I intend to attempt
«a feries of fuch experiments, 1 muift now content myfelf.with the
sobfervations and fa&ts which I have been able to colleét *. From
‘thefecl am of up'minn, that the moft immediate vgadatmn from
-afphaltom (which is, the. laft of the imple bitumens) into_thofe
which are.compound, takes place in the fubftance called

I would be underftood however to mean that the carbon is only relatively Increafed, .
in refpect to the other ingrediengs; in ﬂgwcnmannty af thefe bitumens, and that it pre-
‘!Bn}-'nateﬁl m PrgEunmn to the tlliﬁpatmn of a certain portion of the hydrogen, which
'ﬁ"'“ cr]glnnﬂf neceffiry to the forming of the Bitumen in cnn]unﬂlml with the carbon.

' Tﬁm paper was written and read before T'had feen'the ingenious experiments -which
the celebrated Mr, Kirwan has pubjjﬂied., in thc ],aﬂ. editdon of his Ell:mf:nt& of Mine.

“lgg?'.-—‘l?ldﬁvﬂl i P 5l+ L . AT TR
relogy e JET.
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JET.

JeT is a {ubftance well known to be of a full black, fometimes
however inclining to brown. It is confiderably harder and lefs
brittle than afphaltum. It breaks with a conchoidal fraéture, and
the internal luftre is glaffy. It has no odour except when heated,
and it then refembles afphaltum. It melts in a ftrong heat, and,
when burned, leaves an carthy refiduum.,

Wallerius confidered jet as afphaltum which had become indu-
rated by tirne, and Mr. Fourcroy is of the fame opinion*. Others
again have arranged it with the varieties of ecal . 1 am inclined
however to belleve, that it is neither afphaltum nor coal, but
an intermediate fubftance which may be regarded as the fitft
gradation from the fimple bitumens into thofe which are compound.
The matter of afphaltum undoubtedly enters info it in a large pro=
portion, and has confequently ftamped feveral of its charaCters
upon it; but the increafe of carbon, and of the extranebus or
earthy matter which is intimately mixed or rather combined with
it, has had fo much influence, that the charaters of coal
are alfo in fome meafure apparent, and are rendered the more
ftriking by the fimilarity of certain local circumftances twhich
attend thefe two {ubftances. The charatters of coal are however
by no means fully eftablifhed in jet, but from this we pafs imme-
diately to another, in which thefe characters cannot be queftioned.

This is the {ubftance called

CANNEL COAL,

which is of a full black, of a fmooth, folid, ever texture ; it breaks
in any dire¢tion; and the tranfverfe fraéture is conchoidal. It
: ¢ Elémens & Hiff. Nat. et de Chimie, tom. ii1. p. 450

v Wideinnans's Handbuch der Mineraiogie, pi 628,
burns
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burns well, and is fo compact that it is often employed, like jet, to
be formed into trinkets.

The great refemblance which cannel coal has to jet in many cf
its properties, induces me to regard it as the next gradation of the
compound bituminous {ubftances, and as the leading variety of coal
from which the others follow according to the degree of their
bituminous charadter.

The limits of this paper will not allow me to enter into a cir-
cumftantial account of all the other varieties of pit-coal ; neither
is it neceflary, after the gradations of afphaltum to jet, and of jet
to coal, have been noticed. I fhall not therefore defcribe the varie-
ties of coal known by divers names in different countries, and even
in different provinces, fuch as thofe called in England caking coal,
rock coal, fplent coal, &c. &c.; but fhall only obferve, that the
pit-coals in general appear to be compofed of bitumen intimately
mixed, or rather combined, with various proportions of carbon and.
earthy matter ; and according to the intimacy of the union, and the
excefls of one or other of the ingredients, fo the compound poflefles
more or lefs the chara&ers of perfeét coal, or, by various fhades,
pafles into certain earthy or ftony fubftances, which, although im-
pregnated with bitumen, do not merit the appellation of coal, and.
thefe alfo at length gradually lofe the bituminous charaéter *,

It is likewife worthy of notice, that the quantity of earthy mat-
ter does not appear to be the pringipal caufe why pit-coals do not
burn with the rapidity which is to be perceived in fome other carthy
{fubftances impregnated with bitumen. For we may cenclude, that

* From Mr. Kirwan’s experiments it appears that carbon is-a conftituent: principle
‘of coal, and that the prefence of itis a principal caufe of thofe modifications which pro-
duce the fpecics. Iteven feems chiefly to form the Kilkenny. coal.—Kirwan's Eiements
of Mineralogy, vol. i. P §21-

: the
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siod

he Tlow combuftion of coal pmc:fr:ds from thc Jmnt ci’ﬁ;‘&s I
.

u“ccd partly by the relative proportions of the bltllmlnCiUS, ﬂm’bana
ceous, and earthy mgredients, and partly b}r the more or lef's*p't!rfb&
degree of mixture which conne &ts them together, and which dep 3&1
of mixture, 1 belicve, in many cafes, nearly appmaches to chﬂmlca‘].
union, if not actually fo:" when, therefore, the dcglc: of mixture
is {o perfect as that every particle of bitumen is {:mmeé’ted Wfﬂll
mugch carbon or carthy matter, it is not furprifing th"ut the fabld
cmnbuﬁlble property of the-former fhould be checked in 4 confider=
able degree ; aml by a parity of reafoning, when the mixture is gfbﬁ‘
and nnpclf'c& fo that it.confifts of a ftcmj,r or earthy {ub{?aﬁce,
whn:h has {imply_imbibed bitumen,, it is natural tn _expeét that the
bitumen (although  lefs abundant than i in, mal) ﬂmuId enter r'.=:'=1.'(’hl‘}i
into combuftion, which is vehement in Pmpnrtmn to tht:"fh{:-rtne'ﬁI
of its duration ; and this we find to be the cafe in ma.ny: earthy fub-
ftances, and loofe fand-ftones which are fim pl}r unpregnatcd with Fﬁi{"
men.—To return, however, to the varieties, of caa’l 1 muﬁ oh‘? ve,
that, from the caufes ahﬁvc-mentmned the dlﬂ'erent r:h ara&cr’% ﬁn’ff
properties. of coal appear to me to be produced That in this
manner, perfect pit-coal pafles into fchiftofe or ﬂar}' cual aﬁtf ﬁﬁg
again, by certain gradations, pafles into the varicties of combﬂm
or_bituminous fchiftus, which alfo, by the gradual c!tcreaﬂ." of Jﬂﬂr’
bituminous 1L1s_.,rf:dttnt, bccemc at ll:n;jth confnundeﬂ with
varicties of the common or argllhn:ebus fclnftus 945 lon wob .'l!!'l
g - g have a r-:mmkﬂaie e:-,ample of this in “the #acfytlﬁlﬂ"ﬁ'f
blfumumus {chiftus into ‘El"gl“dlﬂﬂllﬂ ﬁ:hlﬂus, which”aﬁe’%*‘iﬁé
obferved at Kimmerid 8¢, on, the coaft of Dorf ctihire, whe €a pecu—
liar bituminous {chiftus is fﬂun:;l, a;hu:h is-ufed. fuﬂ Jr
bitants, and 1s improperlycalled K.mmmndge cﬁdle. 231 .eaiaeg) -::'I; -m.l.
By the ferics of gradations which have beent noticed-in the.fores

going
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going pages, the fimple bituminous f{ubftances appear to pafs into
thofe which are compound; and thefe alfo, by declining fhades, w
laft pafs into fubltances appertaining to the clafs of carths and
ftones.

In the compound bituminous f{ubftances the prevalent carthy
ingredient is for the greater part generally, if not always, argillaceous;
.and although cértain calcareous grits ({uch as the Portland ftone¥*)
as well as limeftones and marbles .are found impregnated with
bitumen, yet I know not.of any inftance in which this happens te
the degree requifite to form a combuftible fubftance.

This curfory view of the fimple bitumens, and of their combina-
tions, would be fufficient as an introduétion te the principal fubjedt
«of this paper ; but, to complete the ferres, I fhall make fome obfer-
wvations on the wegetable {ubftances which contain bitumen, an.|
fhall afterwards mention the mixtures of bitumen with metallic
oxides.

§ 4
WHEN we confider the facts which apparently prove that vege-

iﬁlﬁlésthave contributed pﬂnﬂpally to the formation of bitumen,
we ha\te every. reafon to expect that mixtures of vegetable matter
With bitumen fhould frequently occur, But by the mixture of
bll;umﬂn with the parts of vegetables, we underftand the remains
qu parts of vegetables mixed and connected with the bitumen
which they themfelyes have produced.

Th1$ {eems to be the nature of the fubftance called

¥ ""I’hePﬁrl‘Innd' ftone, when recently broken in the quarries, emits a {trong bituminous
odour, like the bituminous limeftone or ftink-ftone. It is alio full of cxtrancous foflils, o
3t 1éaft the veltiges of them.

: _;‘R{g}L,.ll"e". ) y ' 54 i
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BITUMINOUS WOOD, as well as .of TURFE and PEAT.

Bitvvinous or foffil wood is found in many places; but in re-.
fpect to that which is found at Bovey, near Excter, and which s
therefore called Bovey coal, there are fome peculiarities which de-
{erve to be mentioned. The Bovey coal is a dark brown, light,
brittle {fubftance, which in texture and other external properties
much refembles wood which has been half charred. "It 15 not
tound as {cattered logs or trunks, but forms regular ftrata.

The pits are on a heath which is flat and fandy § the ftratum of
fand is however but thin, after which a pale brownith grey clay is
found mixed with quartz pebbles. This prevatls to about fix feet,
at which depth the firft ftratum of the coal commences, The
quality -of this is however much inferior ‘to that of the fubfequent
ftrata, which in all amount to feventeen, producing a depth of
nearly feventy-four feet from the furface. Between each ftratum
of coal is a flratum of clay. The direction of the ftrata is from eaft
to well, and the inclination or dip is from north to fouth. The
wferior ftrata are thought to afford the beft coal, and the ceal is
more folid and of a better quality towards the fouth. The thlckeﬁ
{tratum of coalis from fix to eight feet *, |

‘The Bovey coal burns readily with a flame like half charred WDOd
it does not crackle, and, if but moderately burned, forms charcoal}
or if completely burned, it leaves a fmall quantity of white afhes
exactly f{imilar to thofe of wood. The {mell of it when burn-
ing alfo refembles that of wood, with a faint difagreeable odour.
It is certainly very remarkable that this {fubftance fhould form
regular ftrata, although it poffeffes the texture and moft of the

* In the winter, twelve men can raife about 120 tons of this coal in a week, th:;
whole of which is employed ina neighbouri g Pottery.

prOPEI‘tIEE-
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properties of wood; and that thefe ftrata do not exhibit any of
thofe irregularities on ‘their furfaces, which might be expected,
en the fuppofition that .they were formed by the roots, trunks,
and branches of trees long buried in the earth. It is alfo dif-
ficult to imagine wood to have been tranfported and depofited in
this place at feventeen different periods, and yet it muft be allowed
that thefe ftrata have been formed by {ucceflive operations. | muft
confefs, that after having twice vifited and examined the fpot
exprefely for the purpofe, I fill find myfelfiutterly unable to offer
any opinion upoen the fubject.
The charaders of bitumen are but little apparent in the Bovey
- coal, and the fuperior ftrata even appear to have loft a portion of
their combuftible principle, while the inferior firata pofiefs it.  The
lower parts alfo-of thefe ftrata are more compaét and more com-
buftible than thofe parts which are immediately upon them *,
Another remarkable fort of foflil wood, which much refembles
the Bovey ceal, and in like manner is-arranged among the bitumi-
nous woods, is that found in Iceland, which is called by the inha-
bitants Surturbrand. This is rather harder than the Bovey .coal,
Eu!: in iﬁrcr}r other refpect is the fame. It alfo forms ftrata man y
feet in thicknefs; but it is very extraordinary that thefe f{trata
appear to be formed of trunks of trees, which, in their tran{verfe

- # At about 100 yards to .the welt of the pits,is abeg of confiderable extent, where
pﬁt 1s out, and decayed roots and trunks of trees are found, which do not, however, in
the lealt approach to the nature of the Bovey coal. Whether this bog has been in any
manner conneéted with the formation of the above-mentioned fubftance, I do not.pretend
to determine. )

A yellowifh brown compact fubftance, which in colour and fratture refembles ferru.
ginous clay, is alfo found occafionally with the Bovey coal @ it is brittle, and is highly |
inflammable ; it melts like a bitumen, and emits a {moke which in fmell refembles amber.
T'bis fubRancé is but rarely found.

x 2 {edtion,
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fection, exhibit the concentric citcles of their annual growth, with
this difference, that the trunks have been {o comprefied as to be
nearly flat, {o that the circles appear like parallel lines connﬁﬁtevzi
at their extremities by a fhort curve.

I did not obferve fuch an appearance at Bovey ; but this wauld
depend upon the pofition of the trunks of the trecs, in refpeét to
the {ection of the ftrata. -

Chaptal *,  Treil +; Bcngman 1, and many others, have beennf
opinion that the furturbrand 1s wood which has béen charred by
the heat of the lava. But I cannot difcern why it fhould be fup-
pofed that it has been acted upon by fire, any more than that the
Bovey coal has been {ubjeéted to the effelts of the fame agent.
The qualities of the two {ubftances are the fame; and as (from Arch-
bithop Troil’s and Profeffor Bergman'’s account) the {fusturbrand is'
firatified, I think we may venture to pronounce that the 'circum-

. ftances _
* Elements of Chemiflry, vol. iii- p. 190. ol
t Fen Troil's Lettersy p. 43 o

1 Quid de ligno foflili Iflandize fentiendum fit, gnaro in loco natali coﬁtﬂmpﬁl‘ﬂoﬁ
decidendum relinquimus. Interea, ut cum Vulcani operationibus nexum credamus, plures
fuadent rationes, quamvis huc ufque modum ignoremus, quo fitwm texturamque ‘ad-
gquifiverunt hzc ftrata. Scilicet truncis arborum perquam crafhis conftant, qualis in
ilandid nollibi reperiuntur, et ne quidem hoc tempore crefcere pofle videntur. Hi htu
horizontali in {tratis multorum pedum craffitiei congeflti funt et petroleo plus minus
pénetrati, non jam molli, fed optimé indurato, a quo tam nigrorem, quam ﬂammu fub
deflagratione qualitatem mutuantur.  Sed quod in primis attentienem meretnrl Eﬁ
rrancorum i lamellas planas comprefhio.

Ponamus truncum arboris cujufdam tranfverfim feCtam, hinc, wti motum '!:ﬂ.' ﬁﬂum
oritur in orbem rediens circiter circularis, quse omnia monftrat annotina ,mi:r:mm;u,
extimo propemodum parallela. Fingamus jam talem fectionem in tenuem ]anﬁnam com-
preffam, et veram habebimus ligni follilis, de quo heic agitur, ideam ; nam in. magm&
hujus materize fruflis, tranfverfim feflis, quemlibet annotinorum nrhmm vifu p:rf:gm
liget, ita plerumque coaftum, ut duas lineas fere parallelas exhibeat, quarum extrema

. brevi
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ftances under which they are found, are alfo fimilar*, The whole,
therefore, of the opinion in favour of fire, appears to reft on the
volcanic nature of Iceland ; but it {urely would be going too far
were we to afcribe to fire all the phznomena which are obferved
mn volcanic countries.

Bovey coal, like the furturbrand, refembles half-charred wood ;
and I will allow, and indeed am difpofed to believe, that itisin a
ftate nearly fimilar; but from this it does not follow that fire has
been the caufe.

Carbon is known to be one of the grand principles of vegetables,
and alfo as that which is the moft fixed, excepting the {mall' por-
tion of the earths contained in them. As a fixed principle, carbon
appears to form, in great meafure, the vegetable fibre ; and after a
certain degree of combuftion, (by which the other principles have
been diffipated,) it remains, and the particles of it keep the fame
arrangement which they poffeffed when the vegetable was com-
plete.  If; however, the combuftion has been carried on with the

brevi flexura funt adunata.—Quzx autem immanis requiritur vis, ut trunces cylindricns
ita cumplan:tur? Nonne antea particularum nexus putredinis quodam gradu fuerit
relaxatus? Certe, nifi compages quodammode mutatur, quodlibet pondos incumbens
huic effectui erit impar. Cateriim idem obfervatur phenomenon in omni fehifto argil-
laceo.

Orthoceratite, quzx in firato caleareo conicam figuram perfedlé fervant, in fchifto
planum fere triangulare compreffione efficiont. Idem valer de pifcibus, conchis, in-
feftifque petrefactis. Caula adhuc latet, fed in utroque cafu (ine dubio eadem eft, et
digna qua exploretur. Obfervatu quoque dignum eft, quod idem reperiatur effectus,
quamvis {tratum calcareum fub fchifto collocatum fit et majori ideo pondere comprimente
onuftum. Bergman de Produtis Videantis Opufewla, ‘tom. iii. pv 239.

* & Jtis found (the furturbrand) inmany parts of Iceland, generally in the mountains,
inhorizontal beds ;. fonietimes.miore than one is to be met with, as in the mountain of
_Ia:i:k in Batdc[traud;'wherﬁ four ftrata of furturbrand are found alternately with different

kinds of ftone."~—Treil's Letters, p. 42.

2 free
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free accefs of am, the carbon enters into combination with nxygen
and caloric, and.forms carbonic acid. '

We have many ‘examples in which carbon is formed or rather
liberated from thofe fubftances with which it was combined in
vegetables ; and thefe are now explained as effects fimilar to thofe
of combuftion, although fire has not been the caufe. In both
cafes the carbon has been freed from the more volatile principles ;
and under circumftances not favourable to the union of carbon
with oxygen, the former muft neceflarily remain more or lefs un-
diminithed.

During the .combultion of vegetable matter, the more srolatlif:
principles contained in the vegetable fibre (which with carbon alfo
form the refinous and other fimilar fubftances) appear to be firft
{eparated ; and in proportion to this feparation, the other more
fixed fubftance, which we call carbon, is developed. ' ;

Thus, by the progrefs of combuition, wood becomes brown, and
afterwards black; fo that the flate of the wood fhews the degree of
combuftion to which it has been {ubjeéted, or, in other words, how
far the feparation of the other principles from carbon has been
effelted.

Combuition is therefore a {pecies of anal}rﬁs by which tHe
principles of vegetables are feparated, according to their affinities,
and according to their degree of volatility. By this operation
hydregen and azote (if it be prefent in the vegetable) are firft dif-
engaged and form new combinations, while the carbon is the laft
which is ated upon; fo that unlefs a fufficient quantity of oxygen
be prefent, it remains fixed and unchanged.

But the fame feparation of the wvegetable principles happens
whenever vegetables in the full poffeffion of their juices are expofed

to circumftances which favour the putrid fermentation.—As in
combuftion,
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combuftion, fo by the progrefs of putrefaction does the vegetable
lofe its colour, become brown, and afterwards black ; at the fame
time a gas is difcharged, which is compofed of hydrogen, azote, and
carbonic acid.

When combuftion is long continued with the free accels of air,
the whole of the carbon is diffipated in the ftate of carbonic acid ;
but in the procefs of putrefaction a confiderable portion of carbon
commonly remains even long after the putrid fermentation has
ceafed. Although, therefore, it is as readily developed by putrefac-
tion as by combuftion, it is not, however, when liberated from the
other principles, fo {peedily diffipated by the former as by the latter
procefs.

According to the degree of combuftion within certain limits the
carbon is more or lefs apparent, and the like prevails according to
the degree of putrefaétion ; fo that whenever the caufes which have
promoted this fpecies of fermentation have ceafed, the vegetable
{ubftance will remain with more or lefs of its firft principles, and
with more or lefs vifible carbonic matter, according to the degree of
putrefaétion which has prevailed, and the vegetable fubftance will
confequently have the appearance and properties of wood which
has been charred more or lefs.

To this caufe, therefore, 1 am inclined to attribute the formation
and appearance of the Bovey coal and {furturbrand ; and I believe
that the portion of oily and bituminous matter, which I have ob-
tained from them by diftillation, is nothing more than the remain-
der of the vegetable oils and juices which have been partly modi-

fied by mineral agents™,
; The

* « Coal not only forms the refiduum of all vegetable {ubitances that have undergone

a flow and fmothered combuftion, that is, to which the free accefs of air has been pre-
vented,
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“The chara&ersof bitumen are much more apparent in turf and
peat, than in the greater part of the foffil woods. Turf is well known
tobe compofed of the parts of vegetables, fuch as {mall roots,
twigs, &c. mixed with a portion of petroleum; and peatis the
fame, excepting that it generally contains more of earthy matter, or
that, the vegetables have undergone a more complete ’decnm-
pofition. | :

. The boggy nature ef the places in which they are found, proves
that a certain degree of maceration is neceffary to form. the: bitu-
minous, matter which: they contain; and I bhave already noticed,
that every fact appears to demonftrate, that the bitumen is a pro-
duét of thofe vegetables, the remains of which conftitute the ﬂ.'l';i'mr
ingredient of turf and peat.

The different proportion of vegetable matter, of bitumen, rEmd of
earth, together with the dlfferen; {tate of the bitumen, as well as
the degree of perfection refpeting the formation of it frgm the
vegetable principles, contribute to alter the properties and charadters
of the compound, and thus produce varieties. It is; believed that
thefe {fubftances have been materially concerned in the formation. of
pit-coal, and fome eminent mineralogifts maintain that thereis. an
uninterrupted feries which connects the varieties of turf andi peat
with thofe of coal#, <yt

§ 0.
vented, but alfo of all putrid vegetable and animal bodies : hence itis found inivegetable
and animal manures that have undergone putrefaction, and is the true bafis of their ame-
liorating powers ; if the water that paffes through a putrefying dunghill be examined, it
will be found of a brown colour, and if fubjected to evaporation, the principal part of the
refiduum will be found to confift of coal. AN foils fteeped in water communicate 'ﬂﬁ:
fame colour to it in proportion to their fertility ; and this water being evaporated, l¢:.w:5
allo a coal, as Mefirs. Haflfenfraz and Fourcroy atteft.”—Kirwan on Mm:.-r.u, P: 154,
Vol. v. of The TranfaTions of Cthe R:'.j-af ‘fryﬁ _:f.p'ﬂﬂ'ﬂ?r}

* Man findet in der natur einen ununtetlhrcchmfn iibergang von dem rafen und

~ papiertorf

¢
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§5

LITTLE need be fald mncnrnmg thpfﬂ mixtures of I:utumen
with metals or-their oxides which are fometimes called the bitumi-
nous ores of mercury, copper and iron, for they fhould rather be
arranged with the adulterated or impure bitumens, Few of them
contain the metallic ingredient in :a. proportion {ufficient to. caufe
the compound to be worked as an ore 5 and the only exception with
which I am acquainted, isthe {ubﬁance found at Idria, in C;ercla,
compofed of mercury mixed with bituminous matter, a qmnta!
of which, accnrdmg to Mr. de Bam, affords from fifteen to twenty
pounds of mercury * ['bos oy o

§ 6.

FROM the preceding obfervations it will appear, that although I
have firft mentioned naptha in order that I might be better un-
derftood in refpeét to the degree of connedtion prevailing between
the 'bituminous fubftances, yet, to' have followed them from ' their
origin and the peried of their formation, T'thould rather bave begun
with thofe fubftances which moft clearly point out how much
the vegetable kingdom has contributed to the produétion of them,
with the probable occafional concurrence of animal {ubftances.

That the latter have contributed in fome meafure to the forming
of' bitumen, we can only infer: from. the veftiges and exuvie of
animals, which fo ‘commonly ac-::nmpa’nj:. bituminous fubftances ;

ik ; 1 LiL 1 -
papiertorf durch den: woor oder .i'umpfiﬂ-rf i df:tl pccl:mtr und: von dicfem 1:1 die
braun fchiefer und pechkohle. — W idenmann, p. ﬁ'qc:l

® f.'n'afﬁ'gﬁ.e .n’a la f-ﬂﬂ&?ﬂ{ﬂ ﬁi Fo Eﬁ-;d e .Ml"-'r de Rmﬁ oM. h P '2[;4, 3.—].';:, £ 40a.
“iNoL, IV. U * but
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but no doubt can be entertained in refpe to vegetables, for it
appears that bitumen is formed from them by long maceration,
and by other proceffes at prefent unknown to us:

That when certain portions of veégetable matter remain undecom-=
pofed, and are mixed with the petroleum thus produced, the varieties
of turf and peat are formed: -

That wood in genéral contributes to the produ&mn of bitu~
men 3 but does not feem to retain it, after the formation of it, in {o
confiderable a proportion as the forégoing fubftances :

That the bituminous matter thus formed, and occafionally fepa-
rated, 1s in different ftates according to the degree of infpiflation :

And laftly, with various proportions of carbonic and . earthy
matter, it forms jet, coal, and bituminous {chiftus; ‘and with me.
tallic {ubftances it produces thofe compounds called bituminous

OICs.

$ 7

ABOUT the year 1786 a new {pecies of bitumen was difcovered
near Caftleton, in Derbyfhire, which much refembles, in elafticity
and colour, the {fubftance known by the name of cahout-chou, or
Indian rubber. ’ : :

Mr. de Born was, I believe, the firft who mentioned it*; but as he
appears to have known only one variety of this fingular fubftance,
I am induced to hope that a defcription of many other varieties,
which have fince been found, will not be unacceptable to this Society.

The elaftic bitumen, which refembles the cahout-chou, was firft
difcovered in the cavities of a vein in the lead-mine called Odin,
which is near the bafe of Mamtor, to the north of Caftleton. The

* Catalogue de la ColleBion de MVUe. de Raab, tom. ii. p. 97+
ore
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ore of this mine (which is fuppofed to be one of the moft ancient
in England) is galena, accompanied by fluor, calcarcous and heavy
{pars, quartz, blende, calamine, {elenite, afphaltum, and the elaftic
bitumen, although the latter is now rarely found*. . Another
{pecies of the elaftic bitumen has within about three years been
found in a neighbouring rivulet ; but I fhall not at prefent notice it,
as Lantend firft to defcribe the varieties of that which was firft
difcovered, and which refembles the cahout-chou. In order to do
this; with more perfpicuity, I fhall defcribe the {pecimens belonging
to my colle€tion, according to the mode in which I have arranged
them.

SPECIES 'THE"FIRST.

A, .No. 1.

Erastic bitumen of a yellowifh brown colour, part of which is
almoft liquid like petroleum, and adheres to the fingers; the other
part is of a darker colour, of a mammillary form, does not adhere to
the fingers, and is foft and elaftic. This is on a grey bituminous
limeftone, with white calcareous {par in the figure of hexaedral
pyramids, forming that which is called the dog-tooth {par.

. vy : A, No. 2. :
Bitumen of a yellowifth brown, partly liquid, and partly elaftic,
which, however, adheres to the fingers; on pale grey limeftone,
with cryftals of white fluor fpar, blende, and galena.—On another
part of the limeftone are fome globules of bitumen of ‘a reddith

brown, perfeétly hard and brittle.

% T am indebted to the'ingenious Mr. White Watfon, of Bakewell, for: much infor-
mation refpeéting the local circumftances which attend this bitumen,

U 2 2y INoita
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. A, No. 3.
Dark brown bitumen of & 'ftalaétitical form, hard, but in fome
degree elaftic, : | '

A, No, 4.

Bitumen of a reddifth brown,. in' the form of globules, fome of
which are elaftic, androthiers chard : ‘on brownifh-grey limeftone,
accompanied by cryftallized white fluor, dogtooth calcareous fpar,
and pyrites in fmall cryftals, fome of which are on the furface of
the globules of bitumen.

A, No. 5

The fame of a d'*lrLe:x brown, of a ﬂilaﬁltlcal form, hard and
brittle; on pale brown calcareous {par, impregnated with bitu-
mern. 1 TRVR ' !

ﬂNcG

Bitumen of a dark reddifh brown, very hard on pale brawn fpsug
ftink-ftone, with grey limeftone, in which are fome coralloides.

A, No. 7.
Bitumen of a dark yellowifh browu, clafhc, but ?cr}r fc:fl:, fo that
it adheres to the fingers. _
A, No.'8,
The {fame thinly {pread over grey fparry ftink-{tone.

A, No. g. |
Bitumen of a brownifh olive colour, which becomes reddifh
brown by the air, but when oppofed to the light it appears femi-
tran{parent,



M. HaTCHETT s Qbfervations on Bituninous Subfiances. 149

tranfparent, and of a yellowifh brown inclining to orange. Itis
foft, very elaftic, and (when recently cut) adheres to the fingers.

A, No. 10.

The fame of a darker brown, and harder in a {mall degree. The
fpecific gravity of this {pecimen is 0,90533 water being eftimated
at 10,000 at temp. 6oe.

A,iNo, 11,

Bitumen of a dark brown, harder than the former. This ex-

atly refembles the cahout-chou in the degree of elafticity, and in
the property which it poffefles of removing the traces of black-

lead. :
A, No. 12.
The {fame, but rather harder.
A, No. 13.

The fame of a blackifh brown, which is flightly elaftic when the
weather is warm, but is brittle when cold.

r

A, No. 14.

The fame of a blackith brown, nearly black, which fcarcely pof-
feffes any elafticity ; it breaks, and refembles afphaltum in luftre,
colour and fraéture.

: A; No. 15.

The fame of a reddith brown, perfectly hard and brittle. . /'The
characters of afphaltum are complete in this {pecimen.

The {pecific gravity is-10,233.

The other {peties of elaftic bitumen, which I fhall diftinguith by
the
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the letter B, has been found during the laft three years in a rivulet
which runs at the bafe of Mamtor, from Weft to Eaft, at a {mall
diftance from Odin mine.—The varieties of it, in my pofleffion, are
as follow :

SPECIES Ttur SECOND.

B, NO# It

Evastic bitumen, which, recently ‘cut, exaétly refembles fine
clofe cork in colour and texture, but, by the airy in a few days it
becomes of a pale reddifh brown.—This forms a thin coat, which
completely covers a mafs of elaftic bitumen, which is foft,and of a
brownith olive colour, like A, No. g.

B; No. 2.
The {ame, excepting that the coat or cruft is much thicker.

-B, No, 3.
The fame, but the coating is thicker than that of No. 2, and the
brownifh olive-coloured bitumen much lefs in quantity.

B, No. 4.

The {ame, excepting that the greater part of the mafs rei'embles
cork, fo that only a very fmall nucleus of the brown bﬂ:umen
remains ¥,

B, No. 5.
The {ame, excepting that the bitumen, which is coated, is in the

ftate of afphaltum. -
The fpecific gravity of this {pecimen is 0,9881 T

* One of the fpecimens in my pofleflion, Gmilar to B, No. 4. weighs between
13 and 14 pounds.
B, No. 6.

Ll
TR
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: B, Nﬂ- ﬁo
- Elaftic bitumen, the whole mafs of which refembles fine cork.~
The {pecific gravity s 0,9748.
B, No. 7.

The fame, but friable, and apparently pafling by decompofition
into an ochraceous coloured powder.

THE varieties of the firft {pecies of the elaftic bitumen, or that
which is like the cahout-chou, evidently appear to be formed from
a naptha or petroleum, which, like that which produces the other
fimple bituminous fubftances formerly mentioned, is fufceptible of
various degrees of infpiffation.

All the varietics of the firft {pecies, from No. 1, to No. 15, may
be regarded as thus formed, for in thefe we can trace all the modi-
fications comprehended between petroleum and afphaltum; with
this difference, that the intermediate modifications of this {pecies
have the remarkable property of elafticity, which is the moft com-
plete in the variety which occupies the middle place between pe-
troleum and a{phaltum.

The fecond {pecies B, or that which refembles cork, appears {o
different from that marked A, that it is not at firft caly to eonceive
how they are connetted, or at leaft the difficulty muft appear great
to thofe who have only feen fpecimens of each {pecies complete in
their refpetive characters.  But, from an attentive examination of
many {pecimens, and particularly of thofe which 1 have defcribed,
1 am convinced that the varieties of the {pecies B are only modi-
fications of the fpecies A, produced probably by long maceration
in the water of the rivulet in which this {pecies is found, to the
::fﬁ.&s of which we may, with fome appearance of reafon, add the

viciflitudes
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viciffitudes of the feafons, of air, and of the weather in general,
as well as thole of reiterated moifture and drynefs occafioned by
the rife and fall of the water of the rivulet; and what feems to
corroborate this opinion is, that the fubftance, like cork, incrufts
the fpecies A, and appears to be only a change which has pene-
trated deeper into the fubfance of it in proportion to the duration
of the caufes which 1 have mentioned, fo that at length the origi-
nal fubitance no longer remains in its primitive ftate. 1 do not
believe, however, that this change arifes from any alteration in the
conftituent principles, but merely from a partial and minute dif-
union or difintegration of the particles of the original fubftance, as
both {pecies melt into one which is perfeétly fimilar. I muft alfo
add, that the {pecies A burns eafily, and with rapidity; 'but"-_thc:'
{pecies B burns with {fome difficulty, ‘and crackles as if it had im-
bibed a quantity of water. '
I have remarked, when the different varieties of the elaftic bitu-
men were melted, that they completely loft the elaftic property, and
a quantity of air or gas appeared to be difengaged, particularly from
the {pecies B. T alfo obferved, that the fubftances which remained
after this operation, correfponded, in refpect to confiftence, with thofe
which had been employed, as the following Table will fhew :

A, No.7and 8. ... produced a thick ]1-:1urd petroleum, not a 13-
rently different from that which is commonly
known.

A, No. g x . produced a thicker petroleum, approaching te
mineral tar.

A No. 11and 12. produced mineral tar.
B, Nb. 6.4 . produced the fame, approdching to mmeralpltchl
A, Nou 134 evvinns produced mineral pitch.
A, No. Id.:!l‘lLl ¥5. did ‘not {uffer any change, but remained as' at
firt, with all the characers of afphaltum.

5 From
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From what I 'have related, I fufpéét that the claftic property
is occafioned by the interpofition of very minute portions of ah
or fome other claftic fluid between the parts of the bitumen, and
that this takes place by reafon of fome unknown caufe at the time
of formation; but when thefe bitumens are melted, the elaflic
fluid is liberated, and the mafs lofes that fine {pongy texture which
I fufpeét to have been the caufe of the elaftic property %,

Derbyfhire is well known as a country which exhibits, in the
moft ftriking manner, the remarkable changes which our globe has
fuffered. ' In every part of it, the moft indifputable evidences ap-
pear of fome great and extraordinary revolution ; and there is not
any place where extrancous foflils, fuch as the remains and impref-
fions of vegetables and animals, are more abundant.

Bitumen, in other countries, is moft commonly found where
thefe prefent themfelves ; and, in like manner, there are few coun-
tries which abound fo much with bitumen as Derbyfhire.

Whoever has examined the limeftone rocks about Matlock, aud
moft other places in this county, muﬁ be convincedof the truth of
this affertion. o1 :

The limeftone and calcareous fpars alio, where the [:1'*17{1(: bitu-
men is found, are, for the greater part, in the {ame ftate ; {fo that no
doubt can be entertained but that this bitumen has had the {ame
origin as thofe which are more generally known; and it would

#* The elaftic bitumen, A, No. g. when digefted in fulphuric ether in‘a temperature of
about g52, is partly diffolved. The folution is yellowifh brown when oppofed to the light;
but when otherwife viewed, is like the bitumen, that is, of a brownilh olive colour. By
L fpontaneous evaporation, the etheric folution leaves a yellowifh brown bitumen, which
is totally devoid of elafticity. The undiffolved portion (like* the cahout-chou under fimi-
lar circumftances) is foftened, and is much increafed in bulk.

The fpecies B, No. 6. cut into very thin flices, communicates a yellow tinge to
fulphuric ether; in other refpeéts it is but little affected.

VoL. IV, X undoubtedly
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undoubtedly have been confounded with them, had it not been
difcovered when pafling from the liquid to the folid ftate.

The elementary principles of bitumen are, hydrogeiy, carbon;
fometimes azote, and probably fome oxygen, which, by its aétion on
the other principles, tends to form the concrete bitumens, nd alfo,
produces that portion of acid obtained by chemical operatio'us_,

Thefe fame principles, hydrogen and carbon, conftitute the vegetable .

oils and refins; and the fame, with {fome azote, form the oils and
greafe of animals. Now it is known that very fimall changes in
the refpeétive proportions of thefe ingredients, and in the circum=
{tances which attend the combination of them, will caufe confider-
able varlations in the nature of the produéls; and in like manner,
it appears very probable, that when the organized bodies in their
recent ftate, and in the full poffeflion of the above-mentioned prin-
ciples, have been buried in a fituation where thefe principles have
been long elaborated under certain favourable circumftances, and
fubjected to the action of mineral bodies; I fay that it appears

highly probable, that a new combination, which we call bitumen,

may be formed, which, although different in fome refpeéts from
the vegetable and animal products, ftill, however, retains many
charadters of thofe fubftances from the principles of which it has
been formed. ' |

HAMMERSMITH,
April 26, 1797.
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