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AN 

ESSAY 
- ON 

Q U I C K-L I M E, 
AS A 

CEMENT 

MANURE. 

ADVERTISEMENT. 

THE nature of the fubjedt difcuffed in 
the following Eflay, neceifarily required 
that it fhould be treated in a fcientific man- 
ner. The Author has endeavoured to ren- 
der it as perfpicuous as poflible ; but is 
afraid, that, to thofe who may never have 

, been verfant in ftudies of this fort, it may 
ftill in fome places appear a little abftrufe. 
On this occafion, he hopes to meet with the 
indulgence of thofe who think no exertion 

of 



4 ADVERTISEMENT. 

of mind improperly beftowed, when it 
is in the purfuit of ufeful knowledge.— 
Others who do not care to engage in intri- 
cate difcuffions of any fort, he would ad- 
vife to pafs over this Effay entirely j or at 
leaft tht jirji part of it. The reafons for 
what is advanced in the fecond part, will 
not indeed be in that cafe fo clearly feen ; 
but the pra&ical farmer, if not thoroughly 
inftr lifted by that, may at lead: be dire fted to 
what he ought to do. 

AN 



AN ESSAY ON QUICK-LIME. 

QUICK LIME is a calx, or a very fine powder, 
obtained by bunting marble, chalk, or Ijurne-iione, and 
afterwards throwing water upon it. 

This powder, when newly burnt, is foluble* in 
water ;—is capable of being formed into a firm ce- 
ment, if properly mixed up with water,—and is pof- 
feffed of. many other peculiar qualities that it is un- 
neceflary here to enumerate. . 

But if this powder has been expofed to the influence 
of the air for fome time, it is found to be no longer 
capable of being diflblved in. water ;—it has become in- 
capable of being formed into a cement, and has loft 
many of the other peculiar qualities for which it was 
at firft remarkable. 

In common language,'this powder is ufually diftin- 
guifhed by the name of LIME fimply. But, in the 
language of philofophic precifion, it is called QUICK- 

LIME, fo long as it remains fbluble in water, and ca- 
pable of being ufed as a cement. After it lofes thefe 
properties, it is diftinguifhed by the name of EFFETE- 

LIME. 

In either of thefe ftates, it is employed by the far- 
mer as a manure : And as it is a manure of the moft 
univerfal utility that has yet been difcovered, its nature 
and qualities deferve to be very particularly inveftigated. 

The defign of this Eflay, is to point out fome of the 
peculiarities that conftitute the excellence of this fub- 
flance, as a manure, and as a cement : And as what 

i may be faid of it as a manure, v/ill. be better unde r- 
ftood, after its uature,as a cement Has been explained, it 

' ivill be neceflary to confider it firft in that point ofview. 
PART 

* Capable of being dilTolved. 
To avoid difagreeable circumlocution, T fhall be obliged, in 

this Etfay, to employ fome technical terms not commonly un- 
ilerltood j but fhall explain their meaning as I go along. 
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PART FIRST. 

OF ^UICK-LIME AS A CEMENT. 

§ i- 

IF lime-ftone or maible be expofed to the action of a 
pretty intenfe fire for’'1

 a fufficient length of time, its 
colour is altered, and its weight confiderably diminilh- 
ed : but it retains its former figure and dimenfions. 

In this ftate of burnt {tone, it is in many places dif- 
tinguifhed by the name of lime-Jhells, or Jhcll-lime, or 
limply Jhells. 

§ 2. 

If water be thrown upon thefe lime-Jhells, a confid- 
erable heat is in a fhort time generated ; the burnt 
Hones begin to crack and fall afunder, and the mafs in- 
creafes in bulk as it gradually crumbles down, ov falls, 
as it is more commonly faid, into a fine powder ; 
which is always of a white colour, whatever was the 
colour of the Hone before calcination.* 

This powder is called flacked lime, or fimply lime ; 
and the operation that reduces it from Jhells to this Hate, 
is called Jlacking. 

§ 3- 

If this powder is . intimately mixed with as much 
water as reduces it to the confiflence of a thin palte, 
and afterwards dried, it concretes into one coherent 

mafs, 

* Calcination is the operation by which any folid compact 
body is, by means of fire, reduced from its former coherent 
Hate, to that of a dry incoherent powder, which is called a calx. 
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mafs, which adheres to (tones, or other unpolifhed bod- 
ies, very firmly ; and thus it becomes a proper cement 
for building walls of any fort. 

After this pafte has been once fully dried, it becomes 
indiflbluble in water, fo as never to be foftened by the 
moifture of the air ; on which account, it greatly ex- 
cels clay, or any other cement that can be eafily ob- 
tained. 

This cement, when compofed for building walls, is 
called mortar. When intended to be applied only as 
a fmobth coating upon the furface of any place, with- 
out being mixed with (tones, it is called in this coun- 
try fimply plajier. 

§ 4- 

It has been found by experience, that the cement 
made of lime that had been obtained from a lime-done 
which confided of pure calcerous* earth alone, without 
any proportion of fand, never attained any great de- 
gree of hardnefs but remained a foft crumbly mafs, 
that might be eafily broken down by any fmall force 
applied to it. 

And, on the contrary, if the original lime-done con- 
tained a very large proportion of fand, the cement 
made of it alone was a much harder, firmer, and more 
durable fubdance. 

And as it was difcovered, that the pured lime might 
be rendered a very firm cement by the addition of a 
due proportion of clean hard fand, the pradfice of mix- 
ing fand with lime, when intended for mortar, came 
to prevail very univerfally.—The olded lime built 
walls that are now to be found, clearly (how that this 
practice has been adopted before thefe were built. 

But 
* Calcerous is a general term denoting all thofe fubftances 

that confift of the matter of which lime may be made, in what- 
ever date it may be found—whether alone—or mixed with 
other fubftances, that prevent it from being reduced to pow* 
der after calcination. 
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But it ftiil remains a defideratum to afcertain the due 
proportion of fand ; as authors, as well as praftical 
mafons, differ very much from one another as to this' 
particular. 

They likewife differ very much in their dire&ions1 

about the mode of mixing the materials, and of apply- 
ing the cement ;—fome modern authors efpecially, at- 
tributing amazing effefts to a fmall variation in thefe 
particulars, while others deny that thefe circumftances 
have any fenfible effedl on the durability or firmnefs of 
the cement. 

Thefe different and contradi£lory' opinions feem to 
arife from an imperfedt knowledge of the nature of 
quick-lime, and the variations it may admit of : For, 
thefe variations are fo very great, as to render it impof- 
fibie to give any general rules that can poffibly apply 
in all cafes. It therefore behoves thofe who wifh to 
attain any confiftency of knowledge on this fubjedl, 
to endeavour, nrft, to afcertain the circumftances that 
render calcareous fubftances capable of becoming a 
cement at all, and then to trace the feveral changes 
that may be produced upon it by other extraneous, 
caufes. 

This I fhall endeavour briefly to do. 

§ 5- 
Lime-ftone and marble-are nothing elfe than a cal- 

careous matter chryfiallized,* and affume different ap- 
pearances, according to accidental circumftances that 
have occurred at the time of their original formation. 

iji. The 
* Saline fubftances, when difTolved in water, and put into 

proper circuirvitances for that purpofe, feparate from the 
Water, and /hoot into regular figures, which afllime different 
forms, and are more or lefs tranfparent according to the dif- 
ferent nature of the fait, as nitre, alum, &c. Thefe regular 
tranfparent bodies are properly called chryftah.—Hence every 
body in nattlre that affumes a form and appearance fimilar to 
thefe,- and is produced in thd fame manner, is faid to be chryf- 
tallixed. 
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\fl. The more perfeft thefe chryftals are, the harder, 
and more compadi, will the (tone be that confifts. of 
them. 

zd. The fmaller the proportion of extraneous mat- 
ter that is entangted among thefe chryftahs, the jfwrcr 
and finer will the lime be that is made from the ftone 
which confifted of them. 

From a variation in one or other of thefe two par- 
ticulars, aiife all the varieties of calcareous matter. 
that can be converted into lime ; which varieties may 
be diftinguifhed from one another by the following 
particulars. 

ijt. When the calcareous matter is pure, and per- 
fedtly chryftallized ; when it aflumes a clear and fome- 
what tranfparent appearance, and is found in regular 

without many filTures, it is then called 
id. When the calcareous matter, is pure, but the 

chryftallization lefs perfedf, though in regular ftrata, it 
ftill obtains the name of marble; but as it is more 
opaque, and lefs.compadt than the former, it is reck- 
oned lefs valuable, and coarfer. . 

3</. When the calcareous matter is ftill pretty pure, 
but haftily concreted into an uniform mafs, without 
having been in a ftate that permitted it to chryftallize,; 
or to fubfide into regular (trata, it is called chalk; which, 
when reduced to a powder without calcination, is called- 
whiting:. 

Ajk. When the chryftals are tolerably perfedt, but 
have had a confiderable proportion of fand entangled 
among them, it is no longer called marble, but lime- 

Jlone. And this is more or \&kpure, or affords a richer 
or poorer lime, as it contains a greater or fmaller pro- 
portion of calcareous matter ; and is more or lefs hard, 
according to the degree of perfedfion of the chryftals. 

Even the pureft calcareous matter, perfedlly chryf- 
tallized, is called lime-ftone, and not marble, when it 
confifts of fmall pieces that have not been concreted ; 
into regular ftrata. 

Ba $th. W.haa i 
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$th. When the calcareous matter is perfe&ly pure, 
and Ihot into fmaller chryftals, of atranfparent white- 
nefs, it is called fparr—and, in other circumftances, 
Jialailites. 

bth. When the calcareous matter has been formed 
by nature as a covering for animals, it is called fhell; 
in which clafs may be included corah and corallines. 

Thefe are all the fubftances that have hitherto been 
employed for making lime. The other varieties of 
calcareous matter, (that I may bring them all under 
one view, and point out their efiential diifin&ions) are 
as follow : 

7th. When the calcareous matter, while in its fluid 
ftate, has been abforbed into a bed of clayey matter, 
and with it concreted into an uniform, compatt, un- 
chryftallized mafs, it has been denominated marie ; 
which is more or lefs pure, according to the proportion 
of calcareous matter it contains ; and more or lefs hard, 
according to the nature of the clay, and the proportion 
of fand that-may have been mixed with it. And, 

8/£. When Jhells, by the lapfe of time, and by long 
macerating in water, have loft the animal gluten that 
cemented them, and are crumbled down to a fine whit- 
ilh powder, they are denominated Jhell-marle. 

yth. When ihells are broken into down fmall frag- 
ments, that are ftill hard and gritty, it is called pell- 
fan d. 

ft would be a curious difquifition to inquire how 
thefe maftes of calcareous matter were originally form- 
ed ?—How they were reduced to a ftate that rendered 
them foluble in water, which muft have been the cafe 
before they could admit of being chryftallized ?—What 
were the circumftances which contributed to render 
fome of thefe chryftals" fo much more perfect than 
others ? &c. &c.—But thefe difquifitions, however 
curious they might be, are here omitted, as not abfo- 
lutely necCft'ary for the elucidation of our fubjetf. The 
explanation of the nature of the different calcareous 
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matters above given, was neceflary ; as, without a 
knowledge of thefe, it would have been impoffible to 
have explained, in a fatisfadtory manner, the way in 
which thefe fubftances are more or lefs fitted to be 
employed as a cement, or a manure. 

To avoid unneceflary repetitions, the Reader is de- 
fired to obferve, that for the future, I fhall mention 
all matters that can be converted into quick-lime, un- 
der the name of iime-Jione, whether they be in the form 
of marble, chalk, or common lime-fton©, diftinguiftiing 
either of thefe when it may become neceflary. 

§ 6. 

Lime-fione, in the ftate we find it, is always a com- 
pound fubfiance.—In its pureft ftate, it confifts of a 
calcareous earth, united with a con fide r able proportion 
of water ; for faline matters, when chryftallized, al- 

| ways contain water. 
Lime-ftone likewife contains another fubftance, the 

nature of which will be afterwards explained. 
When lime-ftone has been expofed for a fufficient 

length of time to the adlion of a fufficiently intenfe 
fire, the whole of the,.water it contained is evaporated : 
So that lime-fhells are always lighter than the ftone of 
which they are made, by the whole weight, at leaft, 
of the water the chryftals contained. 

And as perfedt chryftals always contain a much 
larger proportian of water than fhofe that are lefs per- 
fedt, it follows, that of two kinds of lime-ftone of equal 
purity, that which is hardeft, and moft tranfparent, will 
lofe a greater proportion of its weight in calcination, 
than that which is fofter and more opaque.—Hence 
marble lofes more weight by burning than chalk.* 

Again,— 
* Such readers as are totally unacquainted with the circum- 

ftances that are neceflary to the formation of chryflals in gen- 
eral, will probably be at a lofs ealily to comprehend the chain 
oi argumentation followed here, and in fome other parts of 
this Eflhy. The following explanation will make it more in- 
telligible : As 
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Again,—As fand lofes nothing of its weight by cal- 
cinariorv it hkewife follows, that in two kinds of lime- 
ftone equally firm and well cfiryftallized, the pureftj 
or that which contains the greatest proportion of cal- 

careous 

As faline matters, properly fo called, are more eafily chryfV 
tallized by art than any others, it will be belt to take our Uluf-. 
trations from that clafs.of bodies- 

It is a property of faline bodies, that they may all’be diffblmf 
in wat«\ 

They may alfo be feparated from that water, and obtained 
in a dry form ; but they aflume very different appearances, 
according to the nature of the procefs that is followed for fep- 
arating them from that water. 

If a watery folution of any fait be fiiddenly evaporated by- 
means of fire, there remains behind a white fnbflance, fome- 
times flightly coherent, as in pearl-afhes, &c. and fometinies it. 
falls into a powdery calx, as in evaporating a folution of Glau- 
ber’s falts, alum, &c. 

But if the water be gently evaporated by a moderate heat- 
before it becomes a dry powder, the fait quits the water, and 
fhoots out into regular figures of a tranfparent glafi'y-like ap- 
pearance, which have obtained the name of chryitals. 

Thefe chryflals vary in figurg, hardnefs, &c. according to 
the nature of the falts of which they are compofed. 

Bin they all agree in one'refpeft, thrft they contain a eon- 
fiderable proportion of water united with the faline matter— 
Some kinds of fait abforb a very large proportion of water in 
this way.—Chryftallized Glauber’s falts contain two thirds of 
their weight of water.—Common fait does not contain pear, 
fuch a large proportion. 

Hence it happens, that no chryflals of any kind of fait can 
poffibly be formed, unlefs thefe falts have been perfectly dif- 
folved in water. 

And the perfection and tranfparency of thefe chryflals de- 
pend entirely on their being allowed to fhoot leifurely, in that 
degree of heat which is bell adapted to the nature of each par- 
ticular kind of fait. 

For it often happens, that water can be made to diflblve a 
much larger proportion of fait, when it is hot, than when it is 
cold ; fo that if a folution of thefe kinds of falts is continued 
in a confiderable heat, it will flill remain fluid, even after it 
has lefs water than would be neceffary for forming the chryf-1 

tals.—Tn which cafe, if it is taken from the fire, and allowed 
to cool, it fuddenly concretes into a folid opaque kind of mafs 

betweea 
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careous matter, -vvill lofe-in calcination, the greateftr 
proportion of weight.. 

From thefd fkfts it appears, that no rule carf be 
given for afccrtaining the proportion of weight that 
lime-ftone lofes by calcination. It muft vary in all 
poffible degrees, according to circumitances. 

§ 7* 

Liine-florte, befides the ingredients-abovementioned, 
contains a confiderable proportion of another fluid, that 
enters into its compofition, and greatly alters its chemi- 
cal qualities, to which philofophers have given the 
name oifixed air.* This is alfo difentangled from the 
ftone, and difperfed, in the a<T of calcination ; as has- 
been demonftrated by the very ingenions Dr. Blhck,- 
of Edinburgh, to whofe moft fatisfadory Eflay on this 

fubjedf, 

between a chryftal and a calx—as inay eafilybe experienced,, 
by melting chryftallized Glauber’s Git in a fire-lhovel, and 
allowing it to cool before it is entirely evaporated to drynefs. 

The fame circumftances contribute to the formation of cal- 
careous matters into chryllals, and may be eafily applied by 
the Reader. Lime is the calx produced by evaporating the 
chryttals to drynefs;—and it only differs from other faline 
calces in this refpeft, that th'ey always retain the quality of 
being foluble in water, and may be converted into a liquid 
mats, and again chryilallized whenever that is adminiflered to 
them :—whereas lithe lofes that quality in a fhort time; and1 

if it has not been diffolved, and again chryflahized, in that* 
fhort fpace, it muft ever remain unalterably in the ftate- ic 
chanced to be in when it loft its faline quality.—Hence it ap- 
pears in all the different ftages of more or lefs perfefb chryf- 
tallization, from the molt tranfparent fpar, or marble; to the 
moft opaque chalk,—from the hardnefs nearly of a flint, to the' 
loofenefs of an almoft incoherent powder. 

* Since this Effay was written, a total change has taken 
place in regard to the names of chemical, fubftances—but 1 da 
not think it neceffary here to make any change in that refpeft, 
the terms'beitig here all explained as they occur, fo as-to pre^ 
vent ambiguity. 
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fubje£l, in the Phyfical and Literary Efiays, I refer the 
curious Reader. 

When lime-ftone is thus deprived of its fixed air, it 
acquires many of the properties of faline bodies. It is 
in confequence of this that it then becomes capable of 
being diflfolved in water,—is extremely acrid,—and 
a£ls moll powerfully on many bodies upon which it 
has no fenftble effedf while in the Hate of lime-done. 

On thefe accounts, chemids have given it the appel- 
lation of cauftic, when in this date, in contradidindiion 
to its ordinary date before calcination, or after it is 
again united with its fixed airj when it is faid to be in 
its mild date. 

Hence, then, the phrafe mild when applied to cal- 
careous earth, denotes that it is then united with its 
fixed air ; which may be faid equally of it before cal- 
cination, when it is called lime-done ; or after calcin- 
ation, when it is denominated effete lime : And cauf- 
tic calcareous earth is a phrafe exadlly fynonymous with 
quick-lime, in its drift and philofophical acceptation;— 
that is, calcareous earth perfeftly detached, in a chemi- 
cal fenfe, from every other fubltance. 

§ 8. 

But although it is poffible by art to free lime-done 
from its water and air, and reduce it to the date of an 
unmixed acrid faline calx ;—yet no art can keep it 
long in that date, as it has an irrefidible propenfity to 
unite itfelf again to thefe fubdances. 

If water is poured upon the done immediately after 
calcination, which in that date is ufually called linie- 
Jbells, it has been already faid, that it pervades every 
part of the done; each particle of the lime feems greed- 
ily to feize fome portion of the water, with which it 
indantly and intimately unites. In the aft of union, 
a confiderable heat is generated, and in a fhort time its 
whole particles are perfeftly detached from one an- 

other, 
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other, fo as to fait down in the form of a fine, white, 
and feemingly dry powder, notwithflanding the large 
quantity of water that is thus united with it.* 

If lime-fliells be expofed to the influence of the air, 
without throwing water upon them, they quickly at- 
tract moifture from thence, which flowly, and without 
any fenfible heat, flakes the lime-lhells, and reduces 
them to powder. 

Still, however, the lime retains its caujlic quality, 
even after its partial union with the water : But it as 
irrefiftibly, though more flowly, continues to abforb 
the air, as the water of which it had been deprived by 
this calcination, and without intermiflion, perpetually 
tends towards that mild rtate which feems to be natural 
to it. 

§ 9* 

If water is poured upon flaked lime in large quan- 
tities, that water diflblves a certain portion of the fa- 
line calx, which forms the folution called lime-water, 
that has been much praifed as a medicine by phyficians. 

But the lime has hardly had time to be diflolvedby 
the water, before the calcareous earth abforbs a pro- 
portion of its fixed air from the water itfelf, and the 
furrounding atmofphere; with which it forcibly unites, 
and immediately again becomes tnild calcareous earth, 
or, if you will, lime-ftone. And as it is not in thisJlate 
foluble in water, it immediately feparates from it, and 
forms a thin film of chryftallized lime-ftone on the 
furface of the water. In 

* The quantity of water contained in dry flaked lime, is 
much greater than any one could poffibly imagine By exper- 
iment, I find that pure lime perfectly calcined, requires a/ leaf 
its own weight of water, before it can be reduced to a powder; 
By the heat generated in tlfp operation, about one tenth of that 
water is evaporated,—fo that the drieft flaked lime, if pure, 
confills of about equal parts of calcareous earth and water.— 
Such as is flaked to the ordinary degree, contains a great deal 
more water than is here mentioned. 
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In this way,.all the lime.isjn a ffiort time feparated 
.from the lime water; and it quickly lofes all thofe qual- 
ities for which it was remarkable, becoming pure and 
limple water again, unlefs:fome cauftic lime be allow- 
ed to jernaiaat the.bottom. of the veffel, upon which 
the water may again ad, after what it had formerly 
.diflblvpd.had left it. 

§ io. 

It is .by a proceTs fyme'vhat fimilar to the former, 
that calcareous flalaftites are formed in caverns under 
the earth, depending from the roof in the form of very 
large icicle?, and other grotefque figures, that afford 
matter of admiration and aflonifhment to the curious 
who vifit thefe fubterraneous caverns. It is but fel- 
dom that we are able to give fuch a diftind account 
of the operations of nature, as in the prefent cafe. 

Thefe jlaldftites are always formed'by water drop- 
ping from the roof. This water, in thefe cafes, is 
always flightly impregnated with cauftic calcareous 
matter, which it meets with in the bowels of the earth, 
and dilfolves.—By what procefs that calcareous matter 
is there rendered cau/iic, remains,as yet to be explain^ 
ed, .and affords a fubjed well worthy the inveftigationi 
of the curious.* 

This natural lime-water, when it comes to the roof 
of the cavern, hangs for fome time in the form of a 
drop, till at length fo much water is accumulated 
there, as, by its natural gravity, overcomes the power 
of cohefion, and makes it fall to the ground. But it 
is no fooner fallen, than .it is again fucceeded by anoth- 
er,—and another,—and fo on ad infinitum. 

While 

* Chemical philbfophers have-now been enabled to account 
for this phenomenon by the folvent power of certain gajes— 
but it is unneceffary here to enter more at large Into that dif- 
cuifion, as it does not affed the explanation in the text. 
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While thefe drops remain fufpended from the roof, 
the calcareous matter contained in them greedily at- 
tracts the air all around the furface of the drop ; and 
before it falls, a fmall part of it is reduced to a mild 
ftate, leaves the water with which it was formerly 
united, and adheres firmly to the roof ; which in time 
accumulates fo much folid matter as to form a fort of 
nipple depending direCtly dowmwards. 

After this nipple is formed, each drop, as it defcends, 
flows from its root towards its point, fo as to be dif- 
fufed in a thin ftream over its whole furface. In this 
fituation, the water is fo much expofed to the adtion 
of the air in its defcent, that a part of the calcareous 
matter is rendered mild, and is left adhering to the 
former, fo as to increafe its diameter towards the root ; 
while a part flows forward to the point, and adds to 
its ftrength, in the fame manner as it firft began to 
be formed. 

In this manner thefe tangles* continue to increafe 
in fize fo long as they are foffered to remain',—and as 
ought to be expedied from the above induction, there 
is always a fmall hole through the heart of each of 
them. 

The tangles under bridges, and other artificial 
arches through which water is permitted to percolate, 
are found exadly in the fame manner, though ufually 
they are lefs perfectly chryftallized. 

All forts of calcareous /pars owe their origin to a 
fimilar caufe. 

While 

* It is doubtful, if tangles, in the fenfe here ufed, is a 
proper Englith word ; but as it is common in Scotland, and 
as 1 know no tingle Englitli word that is equivalent to it, I 
have ventured to adopt it. It denotes any kind of pendent 
concretion, retembling the thape of an icicle, of whatever 
kind it is formed. Any p^rfon who reflects on this fubject, 
will feel what a want it would be in the language, if the word 
icicle were aboliflied : the want would hardly be lefs per- 
ceptible, if I were debarred the ufe of this term, 

c 
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While thefe natural Jlalafiites are of a fmall fize, 
they will continue to be regularly formed, and retain 
the figure of icicles ; becaufe the water, as it oozes 
out, will be fufficient to furround the whole of the nip- 
ple, and augment it equally on every fide. But, in 
time, thefe will become fo large, as to caufe the water 
to flow down only on one fide, after which the figure 
will become diftorted and irregular. Two or more 
will fometimes unite into one ; and, in the courfe of 
ages, an infinite diver,fity of fantafiic forms will grad- 
ually be produced which may exhibit, on many occa- 
fions, figures of Itupendous magnificence. 

§ xi- 
The operations of nature are fo fimple, that when 

we once get a glimpfe of the manner in which they 
are effe&ed in one inftance, it is eafy to extend our ob- 
fervations, in a fatisfadfory manner, to others of a 
fimilar nature. When we once perceive the manner 
in which cs\c.z.T&ousJialaBites are formed, it is eafy to 
comprehend the way in which more regular ftrata of 
calcareous fubftances have been produced. The fame 
cavern that produces the one, will always afford ex- 
amples of the other. 

The drop of lime-water that falls from the roof of 
the cavern, although it has loft fome of the calcareous 
matter with which it was irnpregnafed, ftill retains a 
part. When it reaches the ground, it either remains 
llagnant, fo as to form a poole, or flows over a fmooth 
furface. In either of thefe cafes, it will be allowed 
time to abforb fome more of its air ; and a part, or 
the whole, of the calcareous earth will be rendered 
mild, and remain in a firm chryltallized folid cake of 
marble. 

It the ftream is confiderable, the fheet of calcareous 
matter may be extended to a great diftance, thinly 
fpreadover a large declivity, as the water flows in its 
courfe, till at lalt the whole*cavity may be filled with 
a regular ftratum of lime-ftone or rnarble. In 
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In this manner, within the memory of man, have 
huge rocks of marble been formed near Matlock, rn 
jDerbylhire, which furnifh matter of attoniihment to 
thofe numerous travellers who flock to fee this uncom- 
mon phenomenon. It is feldom that nature’s opera- 
tions are fo rapid as in this inflance. But there is 
no room to doubt, that all the ftrata ofrc^lcareous mat- 
ter in the world, have been formed by a procefs exadly 
flmilar to this. 

When the drops are fmaller, fo as not to be fufH- 
cient to form a large flream, but flill to flow over a 
fmall part of the furface, irregular fwelling cakes of 
lime ftone are produced.—When fmaller (till, they 
rife up into high prominences, with roundifh heads,— 
fometimes refemblingcollyflower, and fometimes broc- 
coli-heads. 

If a current of air haftily promotes the evaporation 
of the water, the chryflallizatioh will be lefs perted. 
But enough has already been faid to illuftrate the fub- 
jed I have undertaken. 

I now return from the operations of Nature, to 
thofe of Art. 

If flaked lime be expofed to the air for any length 
of time, in the form of a dry powder, it abforbs the 
fixed air alfo in this ftate, in a fhort time lofes all its 
qualities as a quick-lime, and, chemically confidered, 
differs in no refped from the ftone of which it was 
compofed. 

If no more water has been added at flaking than was 
barely fufficient to make it fall, and if it be kept dry 
ever afterwards, or mixed with any dry powder, it does 
not harden as it abforbs its air, but remains in a powr- 
dery ftate, to all appearance in no refped differing from 
quick-lime. 

But if a larger proportion of water has been added 
than was necelfary for flaking the lime,—in-propor- 

v tion 
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tion as it abforbs its air, and becomes m/d, it concretes 
into a coherent mafs ; firft, upon the furface, which 
quickly becomes covered with a hard cruft, greatly re- 
letnbling the thin cruft that is formed on the furface of 
moift earth by a moderate froft. Mafons, ignorant of 
the real caufe of this phenomenon, call it frafted lime ; 
although, their own experience ought to fatisfy them, 
that this cruft is formed as readily in fummer as in 
winter. 

As lime that has abforbed its air in any of thefe ways, 
is altogether unfit for becoming a cement, it is evident, 
vhat a great change may be produced upon the qual- 
ity of any lime, by having allowed lefs or more of it to 
be in this ftate, before it is worked up into mortar. 

§ I3‘ 
If a large quantity of water be added to freih flaked 

quick-lime, and beat up with it into a thin pafte, the 
water difiblves a fnaall proportion of the lime, which, 
as it gradually abforbs its air, is converted into chryf- 
ta’s ; between the particles of which- chryftals, that 
part of the lime which was not difiblved, and the other 
extraneous matters that may have been mixed with it, 
are entangled, fo as to form a firm coherent mafs of the 
whole. 

The pafte formed in this manner, is called mortar « 

and this heterogenous, imperfedfly femi-chryftallized 
mafs, conftitutes the common cement ufed for build- 
ing ordinary walls. 

Thefe circumftances being premifed, it will not be 
difficult to comprehend what are the particulars that 
are neceft'ary to form the moft perfect cement of this 
fort. 

§ 14* 

Since lime becomes a cement only in confequence of 
a certain degree of chryftallization taking place in the 
whole mafs, it is fufficiently obvious, that the firmnefs 

and 
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and perfedlion of that cement, muft depend tipon the 
perfe&ion of the ehryftals, and the hardnefs of the 
matters that are entangled among them. For, if the 
chryftals ate ever fo perfedt and hard of themfelves, 
if they be feparated from one another by any brittle 
incoherent medium, it is evident, that the whole mats 
muft remain in fome degree brittle and incoherent. 

§ 15- 

Water can only diffblve a very fmall proportion of> 
lime, even when in its molt perfedl faline ftate* ; and, 
as happens with all other faline matters, no more of 
the lime can be reduced to a chryftalline mafs, than 
has been addually difiblved in the water.—Hence it 
happens, that if mortar be made of pure lime and wa- 
ter alone, a very fmall proportion of the lime only can 
be diftolved by that fmall quantity of water that is add- 
ed to it : And as this fmall proportion alone, can be 
afterwards chryftallized,, all the remaining undiflblved 
particles of the lime will be entangled among the few 
chryftals that are formed. 

And as the undiftblved lime in this mafs will in time 
abforb its air, and be converted into mild calcareous 
earth without having had a fuftieiency of wrater to al- 
low it to chryftallize, it muft concrete into a friable 
mafs, exadlly refembling chalk : It follows, that this 
kind of mortar, when as dry as it can be made, and in 
its higheft degree of perfedlion, will be always foft, and 
eafily crumbled into powder. 

§ 16. 
But if, inftead of forming the mortar of pure lime 

alone, a large proportion of.fand be added to it, the 
water 

* The reader will ohferve, that I often fpeak of limeinits 
faline date. 1 prefume, he will eafify tinderfland, that, by . 
that phrafe, is meant lime while it remains capable of being 
difiblved in water ^that is, as long as it remains deprived of : 
its fixed air or, in other words, while in its ccntflic ftatev 

C 2. 
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water will, in this cafe, dilTolve as much of the lime as 
in the former, and the particles of hard fatid, like (licks 
or threads, when making fugar-candy or other chryf- 
tals, while furrounded by the watery folution, will help 
to forward the chrydallization, and render it more 
perfedl than it otherwife would have been, fo as firmly 
to cement the particles of fand to one another. 

And as the granules of fand are perfedlly hard of 
themfelves, fo as not to admit of being broken down 
like the particles of chalk, it necellarily follows, that 
the cement made of thefe materials muft be much 
more perfedl, in every refpe£l> than the former. 

§ 17* 

That the reader may fee the full force of the above 
reafoning, it is necellary he ihould be informed, that 
when calcareous matter is reduced to a cauftic calx, it 
becomes, in every fenfe of the word, a perfedl faline 
fubflance, and is in this (late as entirely foluble in 
water as common fait or fugar ; although with this 
difference, that lime can be fufpended by water only in 
a much fmaller proportion. Water can diffolve one 
third of its weight of common fait, and keep it fuf- 
pended in a fluid (late ; but it can hardly dilfolve one 
thoufandth part of tjuick-lime before k is faturated*. 

But 

* The term faturation is employed to elenote that Kate of a 
fluid, when it has diifolved as much of a folid body as it can 
poffibly fufpend in it at one time. 

When any faline fubltance is put into water, it is dilTolved 
by the water, and fufpended in it till it attains what is called 
the point of faturation ;—after which, if ever fo much fait be 
added, not one particle more will be difl'olved,—but it will 
remain at the bottom in its original folid Hate. 

Water dilTolves very different proportions of different falts 
before it is faturated. It will diflblve its own weight of Glau- 
ber’s fait, one-third of its weight of common fait, and not 
one-thoufandth of its weight of lime. 

Hence it may very readily happen, that although any par- 
ticular (alt could be wholly diflblved in water, a part of the 

fait 
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But although lime be as entirely foluble in water 
when in its caujiicJiate, as any other purely faline fub- 
ftance, it fo quickly abforbs its air, as to have fome 
part of it rendered mild, before it can be wholly dif- 
iblved on any occafion, in which ftate water cannot 
a£t upon it ; fo that to obtain a total folution, that 
proportion of it that becomes mild, requires to be 
again and again calcined, after frefh folutions have 
been drawn from it. 

As fuch a large proportion of water is neceflary to 
diflblve any quantity of lime, it feldom happens, even 
in making lime water, but that more lime is added 
than is fufficient to faturate the whole of the water ; 
In which cafe, fome of it hill remains at the bottom, 
in a condition capable of being diflblved, if more wa- 
ter be added to it. 

But lime, it has been already fard, diffets from pure- 
ly faline fubdances, in this refpedf : that it cannot 
poffibly be long fufpended in water ; for it foon ab- 
forbs its air even from that element, and is thus redu- 
ced to a mild date, when it immediately chryftallizes, 
and feparates from the water.5* In 

fait may remain untouched, if too much has been added. 
Thus, if one ounce of Lime is put into ten ounces of water, 
that water will become faturated before it {hall have difiblved 
one-third of the quick-lime, and the remainder will remain 
in a folid hate, untouched. 

* Although purely faline fubftances, m.'frery/late, continue 
to be foluble in water, yet many of them become more or kfs 
fo, in proportion to the quantity of air that is united with 
them at the time i and in fo far refemble lime in this particu- 
lar, that they are more eafily diffolved when deprived of their 
air, than when united with ir. 

Alkaline \ fairs, llriclly fo called, like lime, may be either 
in a caufiic or mild Hate ; which appellations they in like 
manner obtain when they are deprived of their air, or united 
with it. When 

t The term allali is employed to denote 4 certain cfafs of falinq bodies, 
whofe certain diftinguiftiing cliaracteriftic is, tliat they may be united with acid?, 
and with tbera fetm neutral falts, as nitrei co-mmor. fait, &c. 
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In confequence of this peculiarity, it necefiarily 
happens, that in proportion as thefe chryftals feparate 
from lime-water, a part of it becomes pure water 
again, and is inftantly capable of diffblving as much 

cauftic 

When thefe falls are in a caujlic ftate, they are foluble in !j 
water in any proportion. They have even fuch a tendency to jj 
unite with it when in this ftate, that it is extremely difficult, 
if not altogether impoflible, to free them from the water till 
they are reduced to a mild ftate. No art has ever yet been 
difcovered, by which a caultic volatile alkali could be exhib- 
ited in a folid form ; and although dry concretions of the fix.-, 
ed alkali are fometimes obtained while it is poffelfed of a cer- 
tain degree of cau/licity, yet thefe concretions are only ob- 
tained in confequence of fome part of it becoming mild in the 
operation : nor can they be kept in that Hate without the ut-r 
moft care. 

Ordinary pot-affi is an alkaline fait, obtained from the afhes 
of burnt vegetables. This is, in fome meafure deprived of 
its air in burning the plant ; but during the procefs, before 
the Watery folution is thoroughly evaporated to drynefs, the 
alkali has abforbed fome part of its air, and is in fome meaf- 
ure rendered mild, fo as to admit of being reduced to a dry 
ffate by the force of fire. But as the fait is not in this ftate 
perfectly mild, the caultic part of the alkali attracts the moilt- 
ure from the air with fo much power as foon to obtain enough 
to reduce the whole to a watery folution, if it is not preferv- 
ed from damp air with the utmoft care. 

This, and every other faline fubllance, which attradls moift- 
ure from the air, and diflblves in it, is called a deliquejcpit 
fait. 

But if this alkali be expofed to the air for a fufficlent length 
of time, till it has flowly abforbed its whole proportion of 
fixed air, and with it has become one chemical mixt, forming 
a perfectly mild alkali, it is then capable of being diflblved in 
water, only in one certain proportion, like other falts ; and 
may be made to fhoot unto regular chryflals, which may be 
kept in a folid dry Hate, when the atmofphere is in a due 
temperature of heat, in the fame manner as any other fait. 

In this cafe, the alkali, it is plain, leaves the water as foon as 
it has united with its air, in the fame manner as lime feparates 
from water, and affumes a dry chryflalline form. The alkali 
may, indeed, be again diifolved, by adding a larger propor- 
tion of water, which the other cannot: but, in the firft par- 
ticular, the parallel is alike. 

Common 
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cauftlc lime as it had loft by the former chryftalliza- 
tion ; fo that it immediately a<ft.s upon, and diflblves 
another portion of the quick-lime that remained be- 
low after the water was faturated. This portion of 
lime isalfo chryftallized in its turn, and a frefti fblu- 
tion takes place ; and fo on, it continues conftantly 

chryftalUzing 

Common fait is, in like manner, in part decompofed* by 
the violent beat that takes place in our ordinary way of boil- 
ing it. A part of its acid is diflipated ; the alkali that re- 
mains, is left in its cauflic date. Hence it has a perpetual 
tendency to abforb water ; in confequence of which, the whole 
becomes a deliquefcent fait. If the evaporation is made 
flovvly enough, the chryfials are more perfect ; and it maybe 
eafily kept dry in the ordinary date of our atrnofphere.-r- 
This is the reafon w hy great fait may be more eafily kept dry 
than finall fait. 

If, however, the alkali that is mixed with the fait had not 
been in a cauliic ftate, it is well known it would not have de- 
liquejced ; for the minim of the Ancients, or the fotfil alkali 
of the Moderns, in its native mild date, is a firm chryflalline 
fait, much refemlpling nitre, from whence it originally derives 
its name. 

Exadlly fimilar to thefe are the changes produced upon 
common fugar, by the different proceffes it may be made to 
undergo. Sugar is a folid concrete, obtained by evaporating 
to drynefs the juice of the fugar cane. In the ordinary pro- 
cefs for obtaining that fubdance, it is deprived of forne part of 
its fixed air,—-and is hadily concreted into an imperfect fort 
of chrydalline mafs. In this date, it is poffefled of a certain 
degree of acrid caudicity, and can be diffblved in water in any 
proportion from the flighted degree of impregnation to per- 
ieft drynefs.—But when it is placed in proper circumdances, 
and is allowed time to abforb its air,—like the other fubdan- 
ces above mentioned, it can only be diflblved in certain pro- 

(portions ; and therefore quits the water as it gradually unites 
with its air, and affiimes a regular chrydalline form. 

, Thefe chrydalsare didinguifhed by the name 
j and are well known to be more difficultly foluble in water,—. 

to be a milder and lefs acrid fweet,—and topofl’efs many other 
qualities different from the fugar of which they were origin-* 
ally formed. 

* Common fait is 3 compound fubftancf, formsd by the union of a patticvv 
latasid with the feftl alkali. 
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chryftallizing and diftblving a ■ vy, as long- as any 
cauftic lirne remains in the water to be diffolved. 

It is irt cohfequence of this'ecrdlaht a-yion of the 
water and air, that lime-water always continues of 
an equal degree of flrength, fc long as any cauftic lime 
remains in the vefiel for the water to a£t upon, not- 
withltanding the large proportions of calcareous chryft- 
als that are continually feparating from it. 

§ iB. 
From the foregoing indu&ion, it appears, that when 

a large quantity of land is mixed in the mortar, that 
fand will bear a great proportion to the whole mafs ; 
fo that the water that may be mixed with the mortar 
will be much greater in proportion to the quantity of 
lime contained in this mortar, than if the whole had 
confifted of pure calcareous matter.—And as the fand 
abforbs none of that water, after tTpart of the lime is- 
chryftallized, and feparated from the water, that wa- 
ter, now pure, is left at liberty to aft once more upon 
thofe few particles of cauftic lime that may {till remain 
in the mor«ar, which will be dilfolved and converted 
into chryftals in their turn. 

In this manner, it may happen, in fomecircumftan- 
ces, that a very large proportion of the lime may be- 
come chryftallized ; fo that the mortar lhall confift 
almofl entirely of fand enveloped in chryftalline mat- 
ter, and become, in due time, as hard as (tone itfelf ; 
whereas mortar, confiding of pure lime, without fand, 
can hardly ever be much harder than chalk. 

§ I9- 
It is not, however, to be expefted, that in any cafe, 

this dried mortar will aflume that tranfparent chryftal- 
line form, or the compaft firmnefs of marble, or lime- 
ftone.—In mortar, in fpite of the utmoftcare that can 
ever be taken, a very confiderable quantity of the lime 

mu ft 
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Kiuft remain undiflblved ; which undifiblved lime, 
although it may be fo much feparated by the fand and 
chryftallized lime-ft one, as not rpuch to affedi the 
hardnefsofthe mortar, yet it mufTftill retain its white 
chalky-like appearance. 

But, as marble and lime-ftone, are always formed by 
thofe particles of lime that have been wholly diftblved 
in water, and from which, they have been gradually 
feparated by a more flow and more perfedf mode of 
chryftallization, they have nothing of that opaque rtf/#- 

’ like appearance, but afliime other colours, and appear 
more firm, uniform, and compadt ; the fand, and 
other matters that may be enveloped in them, being ■ entirely furrounded with a pure chryftallized matter. 

§ 20. 
To obtain the moft perfedl kind of mortar, how- 

ever, it is not enough that a large proportion of fand 
, fhould be employed, and that the fand fhould be inti- 

mately mixed with the lime. It is alfo of the utmoft 
importance, that a large proportion of water be added : 
For, without this, it is impoflible that a large propor- 
tion of the lime can be chryftallized ; and the mortar, 
in that cafe, would conlift only of a mixture of chalky 
matter and fand, which could hardly be made to unite 
all—would be little more coherent than fand by itfelf, 
and lefs fo than pure chalk. In that cafe, pure lime 
alone would afford rather a firmer cement than lime 
with fand. 

'•§ 21. 
i It is alfo of very great importance, that the water 

be retained as long in the mortar as poftible : For, if ; it be fuddenly evaporated, it will not only be prevented 
from a&ing a fecond time upon the lime, after a part 
of what was ftrft diflblved has been chryftallized, but ■ even the few chryftals that would be formed when the 
water was fuddenly evaporating, would be of them- felves. 
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felves, much more imperfeft than they otherwife moft 
certainly would have been. 

Common fait, which confifts of chryftals haftily j 
formed by a fudden evaporation of fea-water by means 
of fire, has the appearance of a dry whitifh calx, that I 
may be eafily broken to pieces :—The fame fait, when 
flowly chryftallized by a gentle evaporation in the 
fliade, confifts of large cubical chryftals, as tranfparent, 
and little fofter, than crown-glafs. 

Ordinary lump fugar, it has been faid, likewife con- 
fifts of another fubftance haftily concreted by a fudden 
evaporation of the fluid in which it was diflblved :— 
Sugar-candy, is the fame fubftance, flowly chryftallized 
by a more moderate evaporation. Every one knows, ; what a difference there is between the firmnefs of thefe 
two fubftances. As great muft be the difference be- I 
tween the firmnefs of that cement which has been 
ftowly dried, and that which has been haftily hardened 
by the powerful aflion of a warm air. 

It is owiiig to this circumftance, that the lime which 1 

remains all winter in a mortar-tub filled with water, 
is always found to be much firmer, and more coherent ! 

than the mortar that was taken from the fame tub, and ufed in any Work of mafonry ; although, in this J 
cafe, the materials were exa£lly the fame. From the , 
Fame caufe, any work cemented with lime under wa- J 
ter, if it has been allowed to remain unhurt till it has 
once become hard, is always much firmer than that 
which is above the furface of the water. 

§ 22. 
To make the reader comprehend the full force of 

the foregoing reafoning, I would compare lime-ce- 
ment, or mortar, to a mafs of matter confiding of a 
congeries of ftones clofely Compa&ed together, and 
united by a ftrong cementing matter, that had, while 
in a fluid ftate, pervaded all the interftices between 
the ftones, and had afterwards become a folid indrfiblu- 
1,1c fubftance. If 
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If the cementing matter be exceedingly hard and co- 

herent, and if the (tones bedded among it are alfo very 
hard and firm, the whole mafrwill become like a folk! 
rock, without fiffiires, that can hardly be broken to 
pieces by the power of man. 

But although the cement Chould be equally firm, if 
the (tone of which it confilts be of a foft and friable 
nature, fuppofe chalk or fand-ftone, the whole mafs 
will never be capable of attaining fuch a degree of firm- 
nefs as in the former cafe ; for, when any force is ap- 
plied to break it in pieces, although the cement fliould 
keep its hold, the (olid matter cemented by it would 
give way, and the whole would be eafily broke to 
pieces. 

Now—in mortar, the fand that is added to it rcpre- 
fents the ((ones of a folid matter in the compofition, the 
particles of which are united together by the lime that 
had been -formerly diflblved, and now chryftallized, 
which becomes an exceedingly folid and indilfoluble 
concretion. 

And as the particles of fand are of themfelves ex- 
ceedingly hard, and the cement by which they are 
united equally fo, it is plain, that the whole concre- 
tion mult become extremely firm, fo as to require a 
very great force to difunite any particle of it from the 
whole mafs. 

But if, infield of employing fand, the only folid 
body that is entangled among the cementing matter 
fhould be chalk (which, as has been faid, muft always 
be the cafe when the mortar confifts of pure iime alone) 
or any other flightly coherent fubftance, let the ce- 
menting particles of that compofitipn be ever fo per- 
fect, it is impoffible that the whole can ever attain a 
great degree of firmnefs ; as thefe chalky matters will 
be eafily broken afunder. 

§ 23. Many conje&ures have been made about the nature 
of the lime'Cement employed by the Ancients. It has 

d been 
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been thought they pofietfed an art of making mortar, 
that has been long fince entirely loft ; as the cement in 
the walls that have been built by them, appears to be, 
in many cafes, much firmer than that which has been 
made in modern times.—Yet, when the mortar of 
thefe old buildings is analized, it is found to confift of 
the fame materials, and nearly in the fame propor- 
tions, which we now employ. 

It is probable, however, that their only fecret con- fifted in mixing the materials more perfe&ly than the 
rapidity or avarice of modern builders will permit ; 
in employing their mortar in a much more fluid ftate 
than we do now ; and in allowing it to dry more 
flowly, which the immoderate thicknefs of many 
of their walls would naturally produce, without any 
preconcerted defign on their part. 

Tradition has even handed down to our times the 
memory of the moft eflential of thefe particulars ; as 
the lower clafs of people, in every part of the country, at this moment, invariably believe that thefe old walls 
were compofed of a mortar fo very thin, as to admit of its being poured, like a fluid, between the ftones, 
after they were laid in the wall. And the appearance 
of thefe old walls, when taken down, feems to favour this popular tradition. 

Nor have I any doubt but this may have been a£lual- 
ly the cafe. The ftones in the outer part of the wall 
were probably bedded in mortar, nearly as we prac- 
tife at prefent ; and the heart, after being packed well 
with irregular ftones, might have the interftices be- 
tween them entifely filled up with fluid mortar, which 
would infinuate itfelf into every cranny, and in time 
adhere as firmly as the ftones themfelves, or even more 
fo, if the ftones were of a fandy friable nature. 

As thefe walls were ufually of very great thicknefs, 
it might often happen that the water in this mortar, 
by adting fucceflively upon different particles of cauftic- 
linie, would at length be entirely abfoibed by fuccef- five 
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five chryflallizations, fo as to become perfe&ly dry, 
without any evaporation at all ; in which cafe, a very 
large proportion of the original lime muft have been 
regularly chryitallized in a How and tolerably perfedt 
manner, fo as to aitain a firmnefs little inferior to 
lime-ftone or marble itfelf. 

Upon thefe principles, it is eafy to account for the 
fuperior hardnefs of fome old cement, when compared 
with that of modern times, in which a ptadfice very 
different is ufually followed, without having recourie 
to any wonderful arcana whatever. 

§ 24. A modern French author, Monfieur Lonely after 
meditating much upon this fubjedf, imagines, he has 
made a perfedt difcovery of the way in which the An- 
cients employed their quick-lime, fo as to obtain fuch 
an extraordinary firm cement; from which difcovery, he 
thinks very important benefits may be derived to fociety. 

According to his opinion, the ancient cement con- 
fifted of lime and fand, nearly in the fame proportions 
as are commonly employed, for that purpofe at prefent. 
But inftead of making it of flaked lime entirely, as we 
do now, he fays they employed a certain proportion 
of their lime unjlaked, which they mixed with their 
mortar immediately before it was ufed. 

This compofition, he fays, forms a firm and dura- 
ble cement, poflefling fo many valuable properties, 
that I choofe to give them in words of his own pane- 
gyrift : 

“ In the courfe of the 1770,*” fays he,| “Monfieur 
Loriot * It deferves to be noted, that about the fame period, Mr. Defile, fecretary to the Society of Agriculture and Arts, in the Strand, London, publifhed a receipt for making mortar, in imitation of that of the Ancients, which was in every re- fpedt the fame with this of Monfieur Loriot.—Which of thefe ■was the original difeoverer, let the parties themfelves deter- mine. t Thefe extracts are taken from a Treatife, entitled, A Practical 
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Zar/of had the happinefs to difcover a kind of myftery 1 
in Nature, which for feveral ages part, had not, it is j 
mod probable, manifefted itfelf to any body but him- 
felf ;—a myltery on which all the merit of his difcove- 
ry is founded. 

“ Taking fome lime which had been a long time | flaked, out of a pit covered with boards, and a con- ] 
fiderable quantity of earth over them again, by which 
means the lime had preferved all its original frefhnefs, he made two parts of it, and plalhed and beat them 
both perfectly well. 

“ He then put one of thefe parts, without any ad- 
dition, into a glazed earthen pot, and in that condi- 
tion fet it to dry of itfelf in the lhade. Here, in pro- 
portion as it loft its moifture by evaporation, it cracked 
and fplit in every dire&ion ; parted from the Tides of 
the pot, and crumbled into a thoufand pieces, all of 
them equally friable with the bits of lime dried up with 
the fun, which vve ufually meet on the banks of our 
lime-pits.* “ With Practical EJfay on Cement and Artificial Stone, jufily fuppofed to be that of the Greeks and Romans, lately redijcovered by ;| Monfieur Loriot, Mafier of Mechanics to his Mofi Chrifiian Majefiy, &c. Tranjlatedfrom the French Original, lately pub- lifhed by the exprejs order of the above Monarch. London, jl Cadet, 1775.—It appears to have been written not by M. Loriot 15 

himfeif, but fome of his friends, as he is always mentioned in the third perfon. * It is impolfible, in reading this Eflay, not to remark the extreme ignorance or inaccuracy of tlie compiler of it, on many occafions. The prefent paragraph affords a proof of it. There can be no doubt, but that lime, if it has been very long Jlaked, will lofe all its qualities as a quick-lime, and become perfectly effette, let it be ever fo carefully covered.—He gives no other telt of the lime being flill poflefTed of its cauftic qual- ity, but that it was covered For ought that appears, it might have been entirely ejjette-\\mc ; in which cafe, it is not at all furpriling if it fhould not be capable of being converted into a cement of any kind.—Indeed the effects he deferibes, could only arife from its having been actually in this flate: For, there is no man, who does not know, that lime which has been fome time flaked, may, on many occafions, be em- ployed. 
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“ With regard to the other part, Monfieur Loriot, 

juft added to it one-third of its quantity of powdered 
<juick-lime, and then had the whole well kneaded, in 
order to make the two kinds of lime perfedtly incor- 
porate with each other. This done, he put this mixture 
likewife into a glazed earthen pot, as he had done the 
firft ; when, behold, it foon began to heat, and, in 
the fpace of a few minutes, acquired a degree of con- 
fiftence equal to the beft plafter, when prepared in the 
beft manner. In ihort, i^ fet and confolidated as 
readily as metals in fufion when taken from the tire, 
and turned out a kind of inftantaneous lapidilication, 
having dried completely within a very fmall tpace of 
time, and that too without the leaft crack or flaw ; 
nay, it adhered fo ftrongly to the fides of the pot, as 
not to be parted from them without breaking it.” 

As to this paflage, I thall only fay, that I re- 
peated the above experiment feveral times, with all 
the accuracy I was capable of ; with this only dif- 
ference, that I employed lime that had lain a conlid- 
rable time beat up with water, as is ufual, to allow 
it to four, in the common language of malons, inftead 

of lime that had been long covered up in a pit, like that 
which he employed. 

The refult was, what any man who beftows a mod- 
erate degree of attention to the fubjeft, and the expe- rience of mafons, might have expected,—but extreme- 
ly different from that of Monfieur Loriot. 

The pafte made of the old flaked lime alone, dried 
flowly,—became in time a mafs {lightly coherent, 
fomewhat harder than chalk, it having been very pure 
lime I employed, without fand or any other addition. 

That which was made with the fame flaked lime, 
with one-third of its quantity of unflaked lime reduced 
40 powder, kneaded through it, did indeed heat, as is ufual 
ployed as a cement, which, at leait, is capable of adhering .together, and not falling down at once into a loofe powder as at dries. D s, 
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ufual in all cafes when the lime is flaked,—fwelled up, 
as is alfo ufual ;—but acquired no degree of hardnefs 
greater than the other, nor differed in any refpedl from it, excepting that it abforbed the water more quickly ; 
and in a day or fo after it was kneaded up, when it be- 
came pretty dry, fome particles of lime-ftone, which had 
not been burnt fo perfefUy as the reft, and were there- 
fore longer of flaking, began to heave up afrefh, having 
lain till this time unflaked. 

On this account, although it muft only beconfidered 
as an accidental misfortune that will not always hap- 
pen, it was evidently a much worfe cement than the 
other. 

Such is the fa£t. Nor is it eafy to fee a reafon why 
any beneficial confequences fhould refult from the 
pra&ice recommended.—It is well known, that if 
water be added to burnt lime-ftone in any way, the 
firft effect is, that it heats, fwells, and falls down to a 
powder.—Even under the water, the effe£t is the fame. 
Aftyr that powder is formed, it may, by remaining 
under water, concrete into a folid mafs ; but with 
whatever fubftances it is mixed, it muft firft feparate 
before it unites. In the name of common fenfe, then, 
where can be the difference in firft reducing it to that 
powdery ftate, and then beating it up with the water ; 
or in pouring the water that is neceitary to reduce it to 
powder upon it, and allowing that powder to remain 
as it may fall, without being beat up with4he mate- 
rials?—Some of the watery particles will at firft be 
abforbed, which is evidently a lofs to the mortar ; and 
the lime will be far lefs intimately mixed with the other 
ingredients, than if it had been properly blended and 
beat up with them after it was in its fmalleft powdery 
ftate ; which muft tend to render the mortar ftill lefs 
perfeft. 

Monfieur Loriot’s panegyrift, however, is at no 
lofs to produce reafons for thefe wonderful effeds, 
that feem to him to be entirely fatisfadfory. He thus 
proceeds; “ n*6 
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<{ The refult of this addition of the quick-lime, fur- 

prifing as at firfl: fight it might feem, is, notwithftand- 
ing, fo eafily explained and accounted for, that it feems 
fomewhat ftrange that Monfieur Loriot {hould be the 
firft to fufpe£l and difcover it. In fa£I, what can be 
plainer than that the fudden fetting and confolidating of thefe two fubftances muft neceiTarily arife from the 
quick-lime’s being carried, by a perfe£t amalgamation, 
or admixture, into the inmoft recefles of the flaked lime, 
faturating itfelf with the moilture it there meets with, 
and thereby efFefting that inftantaneous and abfolute 
deficcation*, which, becaufe we are fo well accuftom- 
edto it, we fo little mind in the ufeof gypfes or plafter ?” 

If I underftand this paragraph, it means neither 
more nor lefs than that thefe two fubftances unite, be- 
caufe they neceflarily do unite moft perfedlly. If it 
has any other meaning, I am dull enough not to per- 
ceive it. 

It 
* Any one who lias beftowed a moderate degree of attention to the operation of flaking lime, as it is ufually performed, niuft have obferved many inltances of that fort ot fudden defic- cation,—but without perceiving any of the other effects he'r mentioned. In flaking lime-flpnes, efpecially when of the pureft fort, fo much water is necelfary, and it is imbibed fo flowly, that the operators, knowing it will be all drunk up in due time, often to throw fo much on one place at once,as to reduceit to almofl: a fluid date.—This water foon finks through it to the unflaked lime below.—But if the lime on the top was regularly flaked before the lafl effufion of water, it retains a fmodth uniform furface, like plafter, is dried almoft entirely in a few minutes, —and, if not broke by the fwelling of the lime below, con- tinues ever afterwards to retain that form without crumbling away at all. If this is allowed to dry perfeftly, and no more water is poured on it, till it has abforbed all its air, it is per- feift chalk. It has the fame hardnefs, confiflency, &c. and cannot be difiinguifhed from it, either in appearance or by any other property. This,liow ever, will never be the cafe. unlefs the lime has been perfetftly pure, fo as to diflblve in acids as entirely as (ugar does in water. 
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It would be tirefome to quote more paflages from 

this Treatife. Let it fuffice to obferve, that the author 
proceeds to tell, that this newly difcovered cement 
dries and hardens almoft under the hand of the opera- 
tor, without cracks or flaws of any fort that it nei- 
ther expands nor contrafts with the air ;+—that it is 
impervious to moifture,^;—and may not only be em- 
ployed for making roofs to houfes that are fubje&ed to 
the continual dropping «f water,§ bafons, acquedu&s, 
canals,|| &c. that, will inllantly contain water in any 
'quantities, but even finer works of the pottery kind 
that it perfe&ly refills froits ; with a long et coettra of 
other qualities which it would be tirefome to enume- 
rate ; for an, account of which I muft refer to the 
pamphlet itfelf. 

That Monfieur Loriot has not difcovered a cement 
pofiefiing thefe peculiar qualities,-it would be unbe- coming in me to fay ; feeing it is affirmed, that works 
have been ere&ed with it that prove the fadts in the 
cleared manner. But that fuch effedls will be inva- 
riably produced, merely by adding a certain proportion 
of unflaked lime in powder to mortar, as he aflerts, or 
even by making the moitar entirely with powdered rjuick-lime, I may without hefitation venture to deny, 
not only from the reafoning above given, but from 
adtual experiment again and again repeated by myfelf $ 
which is likewife in fome meafure corroborated by the 
experience of Mr. Doflie.* 

For 
'♦P.3I. tP.:32» t Ibid. § P. 44. || P. 44,45,46. IP.52. 

* Although Mr. Doffie recommends his mew difcovered cement for many qualities, yet he differs extremely from M. Loriot in his account of the manner in which the union is effected : For, inftead of faying that ‘ it confolidates as readily as metals in fuliijn when newly taken from the fire,’ lie fays, ‘ it continues foft for fome time, and only gradually hardens in the air.’ See Doffie’s Mem."of Agriculture, vol. SL Mr. Doffie 
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m For thcfe feafons, I afn induced to think, that if 

Monfieur Lofiot has really experienced thefe uncom- 1 mon efFefts from the mortar he has tried, it muft have 
* | been occafioned by fome other unobferved peculiarity, 

I and not merely by the circumftance to which he feems 
I to afcribe it. PoiTibly it may have been impregnated 

•wiihgypfurna faline fubflance, naturally abounding in 
France ; and as one of its principal ingredients is 
lime-flone, there is nothing extraordinary in its being 
found in the fame quarry chryitallized along with the 
lime-flone, nor any impoflibility of its efcaping unde- 
compofed, on fome occafions, during the calcination 
of the Hme. Or it may perhaps have been otherwife 
accidentally mixed with the lime in thefe experiments. 

But in whatever way the gypfum may come there, 
if it be prefent, it is not to be doubted but efFe&s 
firnilar in kind (though not in degree) to what M. Lo- 
riot defcribes, would, in feme meafurej refult from 
the pra&ice he recommends : For, if gypfum be de- 
prived of its moifture by calcination, it becomes a fine 
powder, greatly refembling the pureft lime,which co- 
agulates, if I may life that phrafe, immediately upon 
the addition of water, and acquires at once all the 
firmnefs that it ever can be made to attain. 

Thefe properties of gypfum have been long well 
) enough known ; but it never acquires the ftony hard- 
i, nefs that lime-cement is fometimes endowed with, al- 

though 
Mr. Doffie does indeed afcribe to his cement fome of the fame ‘ qualities that M. Loriotattributes to his.—Some of thefe, how- ( 1 ever, are common to every fort of lime-mortar, when care- : j fully made ; and were it not a little foreign from our fubjedt, I ,v it would be no difficult matter to fhow in what manner an i inexperienced perfon might have his judgment milled with re- gard to fome of the other qualities that may be called more ‘equivocal.—The imagination is a more powerful magician than all the wife men of Egypt i 
* Gypfum is an earthly fait, confining of tiie vitriolic acid and calcareous earth.—It is bell known among artizans in thi« country, by the name of Pinfer of Paris. 
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though it takes the fmootheft polifh of any cement we 
know : on which account, it has long been employed 
as a plafter where fine ornaments are required. 

I have beftowed more attention on this performance 
of M. Loriot than my own opinion of its importance 
would have exadled from me ; and it is purely in def- 
erence to the opinion of others that I have endeavour- ed to account for fomeof thofo phoenomena he defcribes, 
fuppofing they have really happened. The inaccurate and unfcientific manner in which that pamphlet is 
written, makes it afford the philofophic reader but 
very little fatisfadtion ; and that affe&ation of the 
marvellous which runs through the whole, and the 
many hyperbolic compliments paid to M. Loriot with 
which it abounds, are but ill calculated for giving 
the reader a favourable opinion of the intention of the 
compiler. Future experiments will bring to light 
thofe circumftances which feem to be at prefent doubt- ful and myrterious.—I now proceed to point out fome 
other circumftances, that may influence the quality of 
lime-mortar. 

§ 25. 
If lime-ftone be fufficiently calcined, it is deprived of all its moifture, and of all its fixed air. But experi- ence fhows, that lime-ftone will fall to a powder on 

the effufion of water upon it, when it is much lefs per- 
fedtly calcined, and while it ftill retains almoft the 
whole of its fixed air. And as mafons have hardly any 
other rule forjudging whether lime-ftone be fjufficiently 
calcined, except this fingle circumftance of its falling 
to a powder when water is poured upon it, we may 
thus eafily perceive, that the fame lime may be more 
or lefs fitted for making good mortar, according to a 
circumftance that, in a great meafure, eludes the ob- 
fervation of operative mafons : For, if it fhould hap- 
pen that all the lime-fhells drawn from a kiln at one 
time, were juft fufficiently calcined to make it fall to 

a powder 
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a powder with water, and no more, that powder 
would be altogether unfit for making mortar of any 
kind. 

This is a cafe that can feldom happen.—But as 
there are a great many intermediate degrees between 
that ftate and perfeft calcination, it muft often happen 
that the ftone will approach nearer to one of thefe ex- 
tremes at one time, than at another, fo that mortar 
may be much more perfedf at one time than at anoth- 
er ; owing to a variation as to this particular. 

§ 26. 
Every -author who has writteh on the fubjedl of 

lime as a cement, has endeavouretl to afcertain what is 
the due proportion of fand for making the moft perfedt cement. But a litle attention to the fubjedt will Ihow, 
that all rules that could be prefcribed as to this parti- 
cular, muft be fo vague and uncertain, as to be of 
little ufe to the pradtical mafom For, 

Befides the variation that may arife from a more or 
lefs perfedt degree of calcination, and which has juft 
now been taken notice of, it is a certain fadt, that 
fome kinds of lime-ftone are much more pure and con- 
tain a much fmaller proportion of fand, than others do. 

I have examined lime-ftone that was fo perfedtly 
free from any mixture of fand whatever, as to diflblve 
in acids as entirely as fugar does among water : I have 
alfo tried another kind that contained eleven-twelfths 
of its whole weight of fand, and only one-twelfth part 
of lime ; and have met with other forts in all the in- 
termediate proportions between thefe two extremes. 

Now it would furely be abfurd to fay, that the pure 
lime would require as fmall a proportion of fand when 
made into mortar, as that which originally contained 
in itfelf a much larger proportion of fand than any 
writer on the fubjedl has ever ventured to prefcribe for 
being put into mortar. What 
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What adds to this uncertainty is, the variation that 

may arife from the circumftance laft mentioned, viz. 
the greater or lefs perfedl degree of calcination that the 
ftone may have undergone. For it ought to be re- marke/d, that although lime-ftone, when pure, re- quires a very intenfe degree of heat to convert it into a 
vitrified* mafs ; yetvt'henfand is mixed with the lime- ftone in certain proportions, a very moderate heat is 
fufficient to convert the whole mafs into vitrifiedyearzo?, 
or in the common language of the country, make it run into danders. 

From this circumftance, it happens, that thofe who 
are poflefledof a very impure lime-ftone, are obliged 
to be extremely cautious not to give it an oyer propor- 
tion of fuel, left it Ihould vitrify the ftone ; and they 
are very happy if they can get their ftone calciped juft 
enough to make it fall with water, and no more ; fo 
tjiat, in general, it may be prefumed, that a very large 
proportion offiucb lime is never to fufticiently burnt as 
to be reduced to a perfe&ly cauftic ftate, or to be capa- 
ble of forming a cement. 

But as there is no danger at any time of giving pure 
lime-ftone too much fire, thofe who poflefs fuch a lime- 
ftone are not under the neceflity of being afraid of er- 
ring on that fide : And as it is a lofs to them if the whole does not fall after it is drawn from the kiln, it is 
natural to think they will in general give it a full pro- 
portion of fuel. FVom hence it may be reafonably 
concluded, that, in general, a much larger proportion 
of this kind of ftone will be perfe&ly calcined, than of 
the other fort. 

At a venture, we may with fome (how of probabil- 
ity, conclude, that about one-tenth of pure lime-ftone 
is not enough calcined to admit of being made into 
mortar ; and that, of the mofHmpure forts of lime- 

ftone. 
* A vitrified fob dance is one that has been melted by heat, and airtimes fomewhat of a glafs-like appearance. 
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ftone, not above one-fourth part of the lime contained 
in it is fo much calcined as to be in a cauftic ftate. 

Let us fee what variation this ought to produce as to 
the proportion of fand that might be added to the lime 
in the one or the other cafe : and, that the calculation 
may be more ealily made, we ihall fuppofe that the 
pooreft lime-ftone that is ever burnt, contains one- 
tenth of its whole weight of lime. 

Ten parts of pure lime, before it could be reduced 
to the fame degree of fandinefs with the other, without 
confidering the variation that arifes from the burning, 
would require each of them nine parts of fand to be ad- 
ded : Therefore, ninety parts of fand fhould be added to 
the ten, to reduce them to an equality with the other 
lime in its native (late. 

But if we are likewife to take into the account the 
variation above fuppofed, that arifes from their differ- 
ent degrees of calcination, the account will ftand thus : 

Of the ten parts of pure lime, one is fuppofed to be 
not enough burnt to be capable of adting a« a cement; 
fo that there remains nine only in a perfe&ly cauftic 
ftate. 

Of the ten parts of impure lime, nine are fand, 
and only one is lime ;—and from this one is to be de- 
duced three-fourths as not enough calcined. Hence 
there remains juft one-fourth of one tenth-part (one- 
fortieth) of pure cauftic lime. 

But this fortieth part of the whole is united to thir- 
ty-nine other equal parts of fand and uncalcined lime- 
ftone. 

There remained nine whole tenth parts of the pure 
lime in a cauftic ftate ; to each of which muft be ad- 
ded thirty-nine tenths, including the one-tenth of un- 
calcined lime ;—fo that to reduce it to the fame ftate 
with the former, there would naed to be three hundred 
and fifty parts of fand added. 

It feems to be altogether inconceivable, that fuch a 
fmali proportion of calcareous matter could ever be- 

e come 
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come fufficient to cement firmly together fuch a pro- 
digious mafs of other matters : Nor do I pretend to 
fay, that this could a£lually b&the cafe, as there may 
be fome error in the data. The following, however, 
1 know to be a fa£i: : 

The belt modern mortar I ever faw, was made of 
lime, that I myfelf had analyfed,and found it contain- 
ed eleven parts of fand to one of lime. To this there 
was added between twice and thrice its whole bullc of 
fand by meafure ; which may be allowed to have been 
at leaft three times its quantity by weight. 

Now, fuppofing that every particle of that lime had 
been fo perfedlly calcined as to be in a cauftic ftate, 
there could not be lefs than forty-feven parts of fand 
to one of lime. The reader may allow what he 
pleafes for the uncaultic part of the lime, and make 
his calculation accordingly. But it is hardly pofltble 
to fuppofe, that above one-hundredth part of this mafs, 
independent of the water, confided of pure caultic cal- 
careous earth. 

But, whatever was the exa& proportion of cauftic 
lime, the mortar was made of thefe materials in the 
proportions exprefled, and was employed for pinning 
the outfide joints of the ftone-walls of a houfe fituated 
in a tempeftuous climate, and expofed to every blaft. 
It is now about fourteen years lince it w^as finifhed ; 
and I do not believe there has fallen to the ground, in 
all that time, one pound weight of the mortar.* 

Had this mortar been employed in building a thick 
wall, where it would have been fuffered to dry flow 
enough, there feems to be little reafon to doubt but it 
would in time have become as firm as the (tones of 
the wall itfelf. 

From thefe confiderations we may clearly fee, that 
it is impofiibleto prefet ibe any determinate proportion of 

* After feven years longer trial, the mortar dill proves good and firm, and exhibits no appearance of ever falling. 
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of fand to lime, as that muft vary according to the 
nature of the lime, and other incidental circumrtahccs, 

1 which it would be tirefome to enumerate, and which 
would form an infinity of exceptions to any general 
rule. 

But it would feem we might fafely infer, that the 
modernsin general, rather err in giving too little fand, 
than in giving too much. 

It deferves, however, to be remarked, that the fand, 
f when naturally in the lime-ftone, is more intimately 

blended with the lime, than can poffibly be ever effett- 
ed by any mechanical operation ;—fo that it would be 
in vain to hope to make good mortar artificially from 
pure lime, with fitch a fmall proportion of cauttic cal- 
careous matter as may fometimes be effected when the 
lime naturally contains a very large proportion of land. 
But, there feems to be no doubt, that it a much larger 
proportion of fand were employed, and if that were !| more carefully blended and expeditioufiy w’orked than 
is common, the mortar would be much more perfeft 
than ufual in modern times. 

This I have tried experimentally, with the defired 
fuccefs. 

{ 27- 
Another circumftance that tend$ greatly to vary the 

) quality of the cement, and to make a greater or fmall- 
J er proportion of fand necelfary, is the mode of prepar- 
i ing lime before it is beaten up into mortar. 

When lime is to be employed for making plafter, 
i it is of great importance that every particle of the 
I - lime-ftone be flaked before it is worked up : For, as 
» the fmoothnefs of the furface is the circumftance moft 
' wifhed for in plafter, if any particles of lime ftiould be 

beaten up in.it, and employed in work before they had 
had fufficient time to fall, the water (till continuing to 
a£t upon them after it was worked up, would infallibly 

_ flake thefe particles, which would then expand them- 
f felves 

' 
i 
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felves with great force, and produce thofe excrefcences 
upon the furface of the plafter, that are commonly 
known by the name of blijiers. 

Hence, therefore, if we hope to obtain a perfeft 
kind of plalter, that {hall remain fmooth on the fur- 
face, and free of blifters, there is an abfolute neceflity 
to allow the lime to lie for a confiderable time mace- 
rating in water before it is worked up. 

This operation is called in this counUy, Jouring. 
If the lime-ftone be pure, and has been very per- 

fe&ly calcined, there wdll be little danger but that the 
whole of the lime will fall at firfl : But if it has been 
lefs perfedlly burnt, there will be many particles that 
will require to lie a long time before they will be re- 
duced to powder. This operation is therefore more 
necellary with impure than pure lime ; but it ought on 
no occafion to be omitted, as there is not the fmalleft 
probability but fame blifters would appear on plafter 
made even of the pureji lime, if worked up and ufed 
immediately after it has been flaked. 

It is alfo a common pra&ice to four the lime when 
it is intended to be ufed in mortar. And although it 
is not fo indifpenfably neceflary in this cafe as when it 
is intended for plafter, yet, if properly performed, it is 
evident, thatit muft, even here, be of ufe ; as any dry 
knots that may fall after the mortar is ufed, muft tend 
to difunite the parts of it that had been already united, 
and render the cement much lefs perfeS than if the 
whole had been properly mixed up with the materials 
before ufing. 

But more circumfpe£tion is requifite in fouring lime 
for mortar, than for plafter. For, 

As it is not neceflary that plafter fhould be endowed 
with a ftony degree of hardnefs, there is no lofs fuftain- 
ed by allowing a great proportion of the lime that is 
intended for that purpofe, to abforb its air before it be 
ufed ; for a very fmall quantity of quick-lime will be- 
fufficient to unite the whole into one flightly coherent 
mafs. Therefore, 
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Therefore, the only circumftance necefTary to be at- 

tended to in Touring lime for plafter, is, that it be al- 
lowed to macerate long enough, as there is no danger 
of ever erring on the oppofite extreme. It is indeed 
neceffary that it (hould lie a very long time on fome 
occafions, before we can be certain that all the parti- 
cles are thoroughly flaked. 1 have known pieces of 
lime-fhells lie upwards of fix months expofed to all 
the viciflitudes of winter-weather, and/a//after that 
time. Such flightly burnt {tones are indeed ufually 
ftparated in fitting the lime for plafter ; but as fome 
fmall chips may efcape, it is always fafeft to allow it, 
to lie in the four a very long time. 

This practice is alfo attended with another advan- 
tage of fome confequence.—For, if by this means a 
great proportion of the lime be allowed to abforb its 
air, and become when it is beaten up for ufe,. 
the water can have no fenfible effeft upon that effette- 
lime—it will only feparate the particles of cauftic lime 
more perfe&ly from one another, fo as to fuffer it to 
dry without cracks of any:fort, and render the furface 
of the plafter much more fmooth and entire than it 
could have been if the whole had been employed while 
in its perfe£tly cauftic ftate. By this means alfo, thole 
chryftalline exudations, fo common on newly plaftered 
walls, will be moft effedlually, obviated. On all which 
accounts, the pratftice of allowing lime intended for 
plafter to macerate wrywith water, ought never 
to be omitted but in cafes of neceftity. 

But as lime is no fooner flaked than it begins to ab- 
forb its air, and as it continues to abforb more ami 
more every minute from that period, till it becomes 
entirely effette, fo as to be rendered gradually Id's and 
lefs fit for forming a cement of any fort :—it follows, 
that if lime intended for mortar is allowed to lie long 
iv the four, much of it will be converted into chalk, or unchryftallized effette-lime ; in which condition itwill, 
neither admit of fo much fand in ufing, nor ever be- 

E 2. corns. 
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come fnch a firm cement, as if a larger proportion of 
fand had been employed at firft, and worked up as 
quickly as poffible into mortar, and ufed. 

This malady will be increafed, if the lime-ftone has 
not been very well burnt ; therefore care ought to be 
taken to choofe the very bed burnt lime for mortar ; 
in which cafe, a very fliort time, if it has been care- 
fully fitted after flaking, will be fufficient to make it 
fall as much as is neceflary. For the obje£t of prin- 
cipal importance here, is to have the cement as firvi as poflible ; and the burfling of a very fmall particle 
of unflaked lime amongft it afterwards, will not pro- 
duce fuch a fenfible inconvenience as it would have 
done in plafter. 

Thofe, therefore, who with to obtain the hardeft 
and firmeft mortar, will be careful to get well-burnt 
lime, and allow it to macerate with the water only a 
very Jhort time before it is ufed. But the beft burnt 
lime I ever faw, would require to macerate fome days 
in the water, before there can be a certainty that the 
whole will be fufficiently flaked.* 

§ 28. 
* It is no unfatisfa&ory proof of the juflnefs of the forego- ing reafoning, to obferve, that the practice which would ne- celfarily follow front it, is exaftly what was followed by the ancients, if we can rely on the account given of this matter by Vitruvius and Pliny. Vitruvius, fo far from recommending unflaked lime for making plaller, as Monfienr Loriot would fugged, recom- mends exprefsly that it ihould be Joured or macerated in wa- ter—for the very fame feafons as are given above ; as it is only by that means, he fays, that the plafler can be prevented from blidering—His words are (lib. vii, cap. 2) - - Tunc de albariis operibus ell explicandum. Id autem cm refte, ft glebae caleis optinte, ante multo tempore quam opus tuerir, macerabunter. Namque cum rum pen it us mac erala, fed recent fumitur - - - habans taientes crudos culcutos, piifiulas emittit - - • Qtii calculi dijjolvunt, et diffipant tettorii pulitiones.” Pliny points out, ftill more'clearly, the difference between the quality of the lime nece'flkry for making mortar and plafer —a certain 
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§ 28. 

The reader, if he has followed me thus far, will 
eafily perceive, that although it be in vain to expedt 
thofe wonderful effedts from the prdfice recommend- 
ed by Monfieur Loriot, that he fo pompoully defcribes, 
yet it may happen, that if circumftances accidentally 

concur 
.—a certain proof that the ancients had been very accurate in obferving fails, as they could have no idea of the reatoning by which thefe fadts might have been explained or corroborated. ‘ Ruinarum urbis,’ fays he, ‘ ea maxime caufa, quod furtp, calcisfineferrumineJuo camenta componuntur. Intrita quo- que quo vetuflior, eo melior. In antiquarum (antiqius) sedium legibus invenitur, ne recentiore trima uteretur redemptor ; idio nulla (nullte) tetloria eorum rimce fadavere.' Plin. Hilt, lib. xxxvi. cap. 23. i In this pafl'age, Pliny flrongly contrafls mortar (c&menta) With plaper (intria.) The firft, he fays (by implication) ought always to be compofed of lime cum ferrumine fuo, that is, lime that dill retains \x%gluten,—lime that ftill retains that quality by which it is enabled to unite detached matters into a folid body, and glue them as it were together. In other places of his work, he defcribes it as calcis quam vehementif- fimes, lime in its mod acrid date, that is, perfectly cauftic lime. This quality, he plainly hints, it gradually lofes by time, fo as to come at length to be fine ferrumine fuo ; in which date, as it is impoffible to become a firm cement for building, he fe- verely reprehends thofe who ufe it as fuch. But although he Condemns the pradlice of ufing that old and inert lime for mortar, he immediately adds, that for plader it is better than new, becaufe it is not fo fubjeft to crack in the work. “ Intrita qnoqne quo vetudior, eo melior  ideo nulla tdioria eorum rima foedavere” Monfieur Loriot quotes this paffage.and contends, that cal- cis fine ferrumine fuo, means merely daked lime, in oppolitidn to his favourite powdered lime-fiiells.—What reafon he has to think fo, the reader is left to judge.—It is to be obferved, however, that Monfieur Loriot does not confine the ufe of his cement to making mortar.—Like thofe medicines that cure all difeafes, it is equally proper for plader, and indeed it is as a plader he chiefly recommends it. There can be no doubt, however, from the authorities above quoted, that the Ancients were as great Urangers to the ufe of it in this fenfe, as the Me denis, 
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concur to that end, a very perfedt mortar may be ob- 
tained, by following his diredlions. For, if the flak- 
ed lime that {hall be employed has not had time to 
become, in a great meafure, effette ;—if the unflaked 
fhells that are to be pounded have been perfectly cal- 
cined \—if the lime-ftone has been of a fandy fort of 
itfelf ;—if the fand added to it has been of a proper 
kind, and in due proportion ; and if thefe materials 
be carefully mixed before they are applied, there can 
be no doubt but the mortar would be very good : So 
that it mayhappen, that thofe who follow 
the pradlice recommended by him, in making mortar 
for ordinary ufes, may be lucky enough to fucceed to 
their wilh. But, as thefe favourable circumftances 
may not chance to occur in other cafes, they may be 
at other times very far from fucceeding. 

That gentleman, with his ufual want of accuracy, , 
takes no notice of any of thefe circumflances.—He 
only recommends that powdered quick-lime, by which 
he means pounded lime-{hells, be mixed up with com- 
mon mortar, made of old flaked lime, in certain pro- 
portions. He does not give the fmallelt hint as to the 
{late of old flaked /zW to be ufed as common mortar; 
but feems to think it a matter of no moment, whether 
it fhall have been fo long flaked, as to be perfe&ly ef- 

fettey or the reverfe he does not, indeed, feem to 
know any thing about that peculiarity of lime diflin- 
guilhed by that term. 

But, independent of that circumftance, the practice 
he recommends is much worfe in other refpedts than 
that ufually followed in modern times, either for mak- 
ing platter or cement, efpecially the firft. For, in the 
ordinary operation of flaking, thofe lime-ihells that 
are not enough burnt, have fome chance of being re- 
jedted when the lime is flfted ; whereas, in this method 
of pounding the whole promifcuoufly, thefe will be mixed with the others ; and therefore it may be ex- 
pected that fome of the particles will remain unflaked 
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:.'l for a very long time, which will be In danger of dif- 

uniting, and bliltering the work long after it is put up. 
§ 29- Authors almoft univerfally agree in alferting, that 

ll the hardeft lime-flone affords a lime that will cor.foli- 
I date into the firmeft cement ; and hence it has been, in 

general concluded, that lime made of chalk, affords a 
much weaker cement than what is made of marble or 
lime-ftone. 

• It appears, however, from the foregoing obferva- 
J tions, that if ever this be the cafe, it is only incidentally,, 
a! and not neceffarily fo. 

Lime made of pure chalk, differs not in the leaf! 
f from lime made of the purefl marble, Both confift of 
3 a fine impalpable powder, without any mixture of ex- 
il traneous matter ; and if they have been equally calcin- 
» ed, are poifeffed of the fame chemical qualities in ev- 
s ery refpedi. Indeed, nothing is more eafy, than to 
3 form artificial chalk from pure lime-ftone, as 1 have t more than once experienced, which the reader may 

alfo do, by following the directions in the margin,* 
if his curiofity prompts him to it. 

And 

I 

* In flaking lime compofed of jiure linie-flone, it will be obferved, that the pieces fall into powder much more (lowly than when the lime-done has contained any fand in it. If a great quantity of water be fiicceffively poured upon a large heap of thefepnre lime-fhells, without dirring them, and if it be allowed to lie fome time afterwards, it will be found, on opening the heap, that fome pieces of lime-lhellshave only expanded confiderably in bulk by the operation of flaking, without being crumbled down to a powder. Thefe pieces, ff allowed to remain in a clofe place, where they are not expofed to the viciffirudes of the weather, will dill retain their torm ; and as they gradually a blurb their air, they acquire a fort of firmnels of confidence, and in time become chalk in every fenfe of the word,-—having the fame degree of firmnefs, of foftnefs, and every other quality of chalk. This is the mod perfect refemblance of chalk that can be wade; but, if any quantity of that pure lime be reduced to a very 
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And the pra&ice of the fouthem provinces of Brit- 

ain, fufficiently confirms the jufipefs of thefe obfe*va- 
tions. For, to the fouth of the Humber, on the eaft 
coaft, almoft all the lime they ufe is made of chalk ; 
yet, there are many buildings in thefe counties, in 
which the cement is as firm as in any part of the ifl- 
and. Nor does the ordinary mode of building in thefe 
places, indicate any deficiency in the quality of their 
mortar ; for many of their houfes are coated on the 
outfide with a cruft of lime, ftuck full of fmall peb- 
bles, which remain in it very firmly for many years. 
We know well, that this is the moft trying manner of 
employing mortar. 

There is, however, greater danger that lime made 
of chalk, fhould form, on fome occafions, a weak ce- 
ment, than that from lime-ftone. 

For, as chalk never contains any fand, its lime will 
always form a very foft cement, unlefs care be taken 
to>mix a large proportion of fand with it, in beating up the mortar ; which is not fo indifpenfably necelfary 
in forming mortar from lime-ftone, as it fometimes 
contains fo much fand as to form a pretty firm cement, 
without any additional fand at all. 

Even if the lime-ftone fhould be equally/’wre calca- 
reous matter as the chalk, the lime of the firft has a 
chance of becoming a firmer cement than that of the 
laft 

For, as it is impofilble to reduce the pure Ume-Jione 
to 

very thin pafte, at the time of flaking, and be haflily dried to a certain degree, it acquires a fort of confitlency fo as to be capable ot retaining its term. And if this be kept in a place not expofed to the viciffitudes of the weather, till it has at- tained its whole air, it will refemble chalk almoft as much as the former, and might be employed for every purpofe that the ckalk is ufeo for. The reader will plenfe to obferve, that this can only bedone with lime that is perfettly free of fund ; tor ft it has the leaft particle of fand among it, no art can give it the foltnefs of chalk. 
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I to a powdery calx, without fubjedting it to the adtion 
of a very ftrong fire, which, while it diffipates the 
water, and fully dries the chryftals, carries off the 
whole of its fixed air, fo that the calx is almoft en- 

i tirely cauftic. 
But chalk may be reduced to calx, by fuch a moder- 

> ate heat as is fcarcely fufficient to diflipate any of its 
a air ;—fo, that what aflumes the appearance of lime 
| made from it, may be nothing elfe than a powdered 
^ effette calcareous earth, which never can become a ce- 
i ment of any fort. But as there is no danger of vitri- 
f fying chalk by over-burning, this inconvenience may 
4 be entirely obviated by a careful and perfedt calcina- 
t tion. 

! In thofe countries, therefore, where chalk-lime is 
3 common, care ought to be taken to choofe only that 
I kind of it for mortar, that has been calcined by a very 
i\ firong fire, and to rejedf that which has been burnt by 
I: furze or brakes, as unfit for that purpofe. 

But it is-obvious, that as this defedl arifes entirely 
1 from the unlkilfulnefs of the operator, which may be 
3 eafily avoided, it ought not to be confidered as any ob- 
|! jedtion to the quality of the lime, confidered in itfelf. 

§ 3°* 
It is unneceffary to extend our obfervations to all 

> the other kinds of lime-tfone that may be met with ; 
s as thefe general obfervations on the two extremes, 
i marble and chalk, may be eafily applied to all the in- 
t termediate kinds. It has been already faid, that the 
i different friability of different forts of lime-ftone arif- 
>, es entirely from a fmaller or greater degree of per- 
1 fedtion in the chryftallization, which muff have been 
jj- occafioned by accidental circumftances that have oc- 
): curred at the time the concretion was effedled, and can 
I have no influence on the quality of the lime when it 
; is once more reduced to the ffate of a caujlic calx. 

And 
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And as it does riot yet appear that there is the fmall* 

eft difference between the chemical qualities of any ] one kind of foffile calcareous earth and another, when | 
perfettly pure, there is no reafon to fufped that there ! 
can be any difference between one kind of lime and ! 
another, «r a cement, unlefs what may arife from the 
nature of the extraneous bodies that may be accident- J’ 
ally mixed with that calcareous matter in its native 
ftate, or from its being more or lefs perfeftly calcined. 

But the only extraneous matter that is ever found 
in lime-ftone is /and,* in greater or fmailer propor- 
tions. And as no lime-ftone that can be calcined, con- 
tains fuch a large proportion of fand as is necefi'ary for ‘ 
making a perfe& cement, we may naturally conclude, ] 
that every kind of lime is equally fit for becoming a 
firm cement, if it be firft reduced to a proper degree 
of caufticity, and has afterwards a due proportion of 
fand properly mixed with it, before it be employed in 
work. 

Different forts of lime, no doubt, vary very much 
from one another in the proportion of fand they natur- j 
ally contain, and therefore muft require very different proportions of fand to be added to them before they 
can be made equally perfedl as a cement. This is an 
economical confideration, of no fmall moment in fome ' 
cafes, as it may make one fort of lime vaftly cheaper , 
than another on fome occafions, and therefore deferves 
to be attended to by every builder. Dire£lions {hall 
be given in the Second Part of this Elfay, by the help 
of which he may be enabled to difeover the exa£! pro- | 
portion of fand contained in any fort of lime he may 
wiflr to examine. 

§ 31- 
In the preceding parts of this Eflay, I have fpoken | 

of/and as the only fubftance that is ever added to lime ; in ] 
* This expreflion requires fome limitation. See the Port- ;j feript to this EfTay. 
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m forming cement; but as others have, on feme occa- fions, been employed for this purpofe, it will be proper 
here to point out their feveral excellencies and defeats. 

Almoft the only fubdances that I have known ufed 
as an addition to mortar, befides fand of various de- 
nominations, are powderedJand-Jlone, brick-duj}, and 
fea-Jhelh, that have been broken into fmall fragments. 

And for forming plafter, where clofenefs rather 
than hardnefs is required, the uleful additions are, lime 
that has been flaked, and kept long in a dry place, till 
it has become nezx\y effetie ; powdered chalk or whit- 
ing, and gypfum in various proportions ; befides hair, 
and other fubftances of that fort. 

Others that have been lately recommended by Monf. 
Loriot, are, balls of any foil of earth {lightly burnt and 
pounded the rubbifh of old buildings (by which I 
underhand the old mortar after it has been feparated 
from the hones) reduced to powder, and fifted ; or al- 
moh any other thing that can be reduced to a mode- 
rately fine powder.. 

From what has incidentally occurred relating to 
this head, the reader will be able to judge, in fome 
meafure, of the comparative value of thefe feveral ad- 
ditions. Bui, to render the fubjeet hill more clear, the 

[, following obfervations may be of ufe : 
It is fufficiently certain, that none of thefe additions 

i enter into the compofition, fo as to affecl its qualities as a chemical mixt; they only operate in a manner 
purely mechanical: For, whatever the nature of the 
addition may be, it poffehes the fame qualities, when : fo united, as if by itfetf, and may be feparated by me- 
chanical means from the compound, unaltered. There- t fore, we need,give ourfelves no trouble about afeer- 

, taining their chemical qualities, but confider them 
} merely as mahes of matter that may be more or lefs 
l fitted for this purpofe by their peculiar form, degrees ' of hardnefs, &c. 

It 
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It has been already fhown, that fund ought to be 

preferred to chalky matters, chiefly on account of the 
hardnefs and firmnefs of the particles of which it con- 
fifts. And as the purefl fand confifts of detached chryf- 
tals, which are fo hard as fcarcely to admit of being 
broken into fmaller parts, this kind of pure chryftal- 
line tranfparent fand is, perhaps, on this account, the 
moft proper addition that can pofilbly be made to lime 
in forming mortar. Sand-Jione confifts of an almoft innumerable conge- 
ries of fmall particles of fand united to one another, in 
a flight manner, by fome kind of natural cement. But 
as it is troublefome to reduce this kind of ftone to its 
fmalleft component parts, and as the particles of it,when 
not reduced to that ultimate degree of finenefs, may be 
eafily broken into fmaller parts, it can never be looked 
upon as fuch a proper addition for a lime-cement as 
the pureft fand. 

There are alfo many fubftances that are called fand, 
which are nothing elfe than fragments of decompofed 
granite, moor-ftone, fand-ftone, &c. all of which may 
be eafily reduced into fmaller particles by moderate 
triture, and are liable to the fame objections as pound- 
ed fand-ftone. 

But almoft any of thefe is preferable to brick-duji. 
Fine clay, when perfectly burnt in the fire, may be 
made to aflame almoft a ftony hardnefs. But com- 
mon brick is fo imperfectly burnt, as to admit of be- 
ing reduced, without much trouble, to a fine impalpa- 
ble powder ; infomuch, that it is often ufed, when in 
this ftate, for fcouring poliftied iron or brafs, efpecial- 
ly if the brick has had no fine fharp fand in its compo- 
fition. 

As the rough particles of brick-duft may be fo eafily 
reduced to a fine powder, the mortar formed with it 
can in no cafe be of the moft perfect fort. 

But brick-duft is (till liable to a greater objection, 
when confidered as a component part of mortar. 

Clay 
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Clay only loofes its quality of abforbing water, and 

in fome meafure of dilfolving in it, by a very perfect 
degree of burning ; fo that if any part of it has efcap- 
ed the violent a£tion of the fire, that part, when mixed 
in mortar, will ftill be apt to abforb water whenever 
it may reach it, and lofe its firmnefs, and make the 
mafs of which it is a part, crumble to dull. 

It is exactly in this manner that all forts of marie 
are liable to fall into powder when drenched in water, 
and ex-pofed to the air ; even although they fomctimes 
appear, w'hen dry, to be endowed with a ilony hard- 
nefs. 

On this account, brick-duft, which ufually confifts 
of the imperfedt burnt bricks, ought to be confidered 
as a very dangerous mixture for mortar, and Ihould 
never be employed but in cafes of abfolute necelTity. 

But the balls of other forts of earth, (lightly burned, 
as recommended by Monfreur Loriot, mult be, on 
many accounts, far lefs proper ; as many of thefe 
forts of earth cannot, by the adiion of fire, be de- 
prived of their quality of abforbing water, and of be- 
coming foft with it. So that he who fhould be fooliOi 
enough to employ thefe fubftances, may be certain 
that his cement will not only be incapable, of attain- 
ing any confiderable degree of hardnefs at any time, 
but will alfo be liable to turn moift in a damp air, nor 
will be capable of retaining its firmnefs or cohefive 
quality in an expofed fituation. 

Powdered lime-rubbijh is liable to the fame objec- 
tions with the fofteft fand-ftone or brick-duft ; as the 
particles of which it confifts, never, can be endowed 
with the adhefive firmnefs tbat is neceflary for forming 
a perfect cement. 

Fine Jhells are perhaps firmer than any other fub- 
flance, next to pure fanci, and may be employed where 
the other cannot be got, if this abounds. I have feen 
a cement that was as little affedted by the weather as 
any other, and had flood firm in the work a great many 

years. 
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years, that had been originally formed with a fand 
confiding almoft entirely of the fragments of (hells. 
But it had not the rocky hardnefs of fome old mortar 
that we frequently meet with. 

Roughly powderedglajsy if fuch a thing could be got, 
at a moderate expenfe, would form a mod perfe£t fort 
of mortar ; as it would not be liable to be affe&ed 
with the weather, would be fufiiciemly hard, and con- 
fid of very irregular fragments. 

Thus it appears, that of all the fubdances that can 
be eafily met with, fand forms the mod proper addi- 
tion to lime in making mortar ; on which account, 
it lias been judly preferred to all others for that pur- 
pofe. 

Pure firm chrydallized fand is better than any other 
fort :—But all pure fands are not equally proper for 
this ufe. 

§ 32< 
It has been already lliown, that the principal ad- 

vantages which refulted from the addition of fand in 
making lime-mortar, were, that it augmented the 
quantity of hard indiflbluble matter,—and put it in 
our power to employ a larger quantity of water in pro- 
portion to the lime, and thus forwarded the chrydal- 
lization of the calcareous matter, augmented the quan- 
tity of thefe chrydals, and rendered their quality more 
perfe£f. Thofe kinds of fand, therefore, which pro- 
mote thefe purpofes in the highed degree, will be bed 
adapted for mixing with mortar. 

But if fand conlids of irregular angular particles, a 
greater quantity of water will be retained in the vacu- 
ities formed between thefe angular pieces, than could 
have been if the whole had confided of round fmooth 
globules ; and therefore it is natural to think, that 
rough angular fand, will be more proper for this ufe 
than that which is fmoother. 

Hence, if equally pure, fea-fand, which confids of 
round globules, that have been worn perfe&ly fmooth 

by 
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by the continued attrition upon one another on the 
fhore, (like the larger pebbles in the fame fituation) 
will be worfe than any other fort.—River-fand will he 
better than it ;—and pit-fand, when quite free of earth, 
the beft of all. 

§ 33- 
If the fandbe hard, and the particles angular, it is 

perhaps of very little importance whether thefe be 
very fmall, or of a larger fize.—The fand in the lime 
that formed the extraordinary firm cement mentioned 
§ 26, was as fmall as could well be imagined. 

Becaufe fea-fand is ufually fmaller than any other 
fort, and is acknowledged to be lefs proper for making 
mortar than many other kinds of fand, a prejudice has 
been in general adopted againft fine fand for this pur- 
pofe. But this, there is reafon to imagine, is only a 
vulgar prejudice, arifing from the peculiar figure of 
that fort of fand. 

§ 34- 
There is another and better reafon for not employ- 

ing fea-fand in mortar, viz. that there is always a 
chance that fome particles of fait may be formed 
among it, by the evaporation of the fea-water upon the 
fhore. And as common fait continues always to be a 
deliquefcent fubftance, it will have a perpetual ten- 
dency to attradl moifture from a humid air, and thus 
render the wall in which this mortar has been em- 
ployed extremely damp and unwholefome. 

It is from the fame caufe that any porous fort of 
ftone, that has been taken from the fea (here, contin- 
ues at all times to be wet in damp weather : For, while 
the ftone remained on the fhore, its pores would be, 
from time to time, filled with fait water ; upon the 
evaporation of which, the fait it contained would ie- 
main behind, within the pores of the ftone, which 
would thus become endowed with the quality of at- tra&ing moifture from a damp air,. fufficient to dif- 

f ^ folve 
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folve the fait, and make the watery folution ooze out 
through all its pores. 

This is a phenomenon for which it is more eafy to 
account, than to prefcribe an effedtual cure.—Perhaps, t 
no art can render the ftone fufficiently dry, after it is 
once put into the wall.—To let it lie for a confidera- | 
ble time in a ftream of running frefli water before it 
was employed, might mitigate, at lead, if not entirely | 
obviate, the difeafe. 

§ 35- 
For the fame reafon, lime that has been flaked with I 

fea-water, is always unfit for being ufed as a mortar. 
For, as it is impoflible ever to extract that fait from | 
the mortar, it continually, attra&s moifture from the | 
air in damp weather, and oozes through the pores of j 
the wall in form of drops of fvveat, which again difap- I 
pear when the weather becomes dry. 

This is an inconvenience often felt :—But as the J 
real caufe of it is feldom known, few perfons are at 
proper pains to guard againfl it. Thofe who obtain j 
their lime by water-carriage, are in a peculiar manner I 
liable to be hurt by this circumftance, as the lime is, ' 
for the moft part, flaked at the fhip’s fide, by the fea- | Water, which is more eafily got than any other. 

When lime that has been flaked in this manner is f 
employed as a plafter, it is rather woife than when ; 
ufed as a mortar, as it has lefs fand added to it, and 
has fewer pores in the infide, in which the drops of 
water might be allowed to lodge ; fo that the wall be- 1 
comes alternately covered with a cruft of dry powdery j 
fait, and with damp tears running down its furface. 

Too much care, therefore, cannot be taken to avoid 
ufmg lime that has been flaked with fea-water,—as it 
will be impoflible, or extremely difficult, ever to ren- J 
der thefe walls perfe&ly dry. 

I have thus enumerated at much greater length than 
I originally intended, the feveral circumftances that i 

contribute f 
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contribute ta render lime-cement more orlefs perfeit. 
In doing this, I have had occafion to explarn the na- 
ture of many of thofe calcareous matters which have 
been generally ufed as a manure, which will confider- 
ably (horten our labour in what remains of this Effay. 

If I have reprehended, with fome degree of afperity, 
thofe who, either through ignorance, or a wilful in- 
tention to deceive, have endeavoured, by fpecious pre- 
texts, to miflead the ignorant, I hope the candid will 
be rather ready to afcribe this to a defire of redtifying 
thofe abufes that might have been introduced by their 
means, than to any other motive. I have never found 
fault, but where it was neceflary to corredt.* 

I now 
* Before I quit this branch of our fubjeft, I may be allow- ed to remark, that although the difcoveries of Modern Philof- ophers have enabled us to account for fome of the phenomena relating to quick-lime as a cement, that were altogether in- explicable to the Ancients, yet here, as in almoll every branch of natural knowledge, we are (fill far from having attained that fummit of perfection which fome may, perhaps too haft, ily, be difpofed to imagine.—In many refpeCts, we have as yet been juft able to penetrate the myfterious veil of nature, fo far, as to let us know that much remains to be difcovered, of which we have now only a very faint idea.—The following hints will illuftrate my meaning, and deferve the confidera- tion of Chemical Philofophers ; There is little reafon to doubt, that flint is nothing elfe than calcareous matter combined with fome fubltance that has hi- therto eluded the knowledge of Chymifts. It is iikewife highly probable, that the native chryftalline concretion called quartz, by Naturalifls, is only another mod- ification of the fame calcareous matter, combined with fome other fubftances that prevents the action of acids upon it, and gives it other fenfible qualities very different from calcareous fubftances in their ordinary ftate. There is even fome reafon to fufpeft, that all the other varieties of chryflalline earths, including fand of every de- nomination, are other modifications of the fame calcareous matter. Even argillaceous earths (clays) however different in appear- ance and natural qualities, in their ordinary ftate, afford evi- dent marks of the fame original. But 
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I now go on to confider calcareous matters as a ma- 

nure. 
But in what manner it comes to be fo differently difguifed In thefe feveral bodies,—what are their feveral component parts,—how they may be analyfed and recompounded, are fe- crets of Nature, referved for the difcovery of future ages: And, till thefe are difcovered, it is probable, we will never be able to account for the manner in which the moft perfect ce- saent may be fometimes produced. 

PART 



PART SECOND. 
Of ^UICK-LIME and other Calcareous 

Substances, as a Manure. 
IN the Firft Part of this EflTay, I have been able to 

give, as I hope, a tolerably fatisfadlory account of 
the rationale of the operation of lime as a cement; and it 
is much to be vvifhed, that I could purfue the fame 
method in the invelligation of this fubftance as a ma- 
nure. But in this refpeft, I have as yet been able to 
difcover no clue that could, with fafety, be trufted for 
leading through the intricate labyrinth that lies before 
us ; on which account, 1 willingly fhun the arduous 
undertaking. 

It would be eafy for me here to amufe the reader 
with a critical analyfis of the feveral theories that have 
been invented by ingenious men, to account for the 
manner in which lime operates as a manure. It would 
be no difficult matter to demonftrate the defe&s of 
their feveral fyflems; and I might, with great facility, 
make an idle difplay of apparent fuperiority by ridicul- 
ing their feveral hypothefes. But as 1 could not fub- 
ftitute any thing in their (lead, that would be more 
fatisfaftory to the fenfible Reader, 1 choofe to wave 
this ungracious difcuffion ; and fhall content myfelf 
with enumerating a few fails concerning the ufe of 
calcareous fubftances as a manure, that it much im- 
ports the pradlical farmer fully to underftand. 

§I\ The firft idea that occurs in reflefling on this fub- 
je£t, is, that all fubftances in which calcareous matter 
is contained, have been fuccefsfully employed as a ma- 
nure, at different times, and in different places. 

Thus—lime,-—marie oi all forts,—chalk,—lime-Jlone- 
gravel,— 
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gravely—Jhelly fand, or pure /hells of every denomina- i 
tion, have all been employed as manures, with the i 1 

greateft fuccefs. 
§ 2. _ And as all thefe, excepting lime, al ways contain the jjjr 

calcareous matter in its mild ftate, we are led to con-'^f 
elude, that they operate on the foil merely as cakareouSy 
and not as faline fubftances. 

Lime, indeed, is fometimes applied to the foil in its ' 
caujlic ftate, as it comes frefh from being flaked, but i ' 
more commonly at fome confiderable diftance of time ' 
after it has been burnt. However, as burning is the 
only mode ufually employed for reducing lime-ftone 
to powder, and thus preparing it for a manure, the £ 
opinion in general prevails, that calcination is as ne?- * 
ceftary for rendering lime capable of becoming, a 
manure, as for making it fit to be employed as a ce- 
ment. 

It is, however, of importance to the pra&ical far- 
mer, to be informed that this is not the cafe.—Mr. 
Du-Hamel, was the firft, who, from an accidental 
experiment, was led to believe that powdered lime-ftone 
was a manure equally efficacious with lime itfelf. He 1 t 
recorded the experiment as a great difeovery. 

Having had occafion to drefs a marble chimney- 
piece, for repairing one of his country-houfes, the ma- 
fon chofe a lawn near the houfe, as the moll conve- 
nient place for hewing the ftone. After the operation 
was fiaiffied, all the large chips were picked up and -j 
carried away, that they might not disfigure the lawn ; 1 but the fine powder that had been grinded off by the | 
adb'on of the chiffel, mixed fo intimately with the ; 
grafs, that it could not be gathered up.—In coftfe- ,i 
quence of this very full, dreffing of powdered lime- ftnne, the grafs afterwards grew upon that fpot with i 
much greater luxuriance than on any other part of the 
law- , and always continued to have a much livelier 
verdure. From 
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From hence, he, with good reafon, concluded, that 

tpowdered lime-ftone might be employed as a manure 
with -fuccefs. To try if this would always be the 
cafe, he repeated the experiment feveral times, by cauf- 
Ing fome lime-ftone to be pounded on purpofe ; and 
found that it never failed to promote the fertility of the 
fpot on which he applied it, in a very high degree. 

i 3- I chofe to relate this experiment at large, for the 
fatisfadtton of thofe who may be unacquainted with 

» the pbyfical caufe of the difference between lime and 
lime-ftone. To fuch as are fully apprifed of this, a 
little reafoning might have been fufficient to afford a 

I certain conviction, that the refult of the experiment 
muft have been what Mr. Du-Hamel found it. 

Lime is no fooner flaked, than it immediately be- 
, gins to abforb its air, and return to its former mild 

ftate ; or, in other words, it becomes effctte ; in which 
ftate it poffeffes the fame chemical qualities, in every 
refpeCt, as lime-ftone. 

I f this be fpread out thinly upon the furface of the 
earth, it abforbs its air in a very ftrort time.—A few 
hours, in this fituation, reftores a large proportion of 
its air ; and, in a day or two, at moft, it becomes 
perfectly effette^ mafons experience when they fweep 
together the fcattered particles that have lain round 
their heaps of lime, and attempt to ufe it in mortar 

d by itfelf, for it is then no more coherent than fand, or 
moiftened earth. 

Hence, then, it muft follow, that in every cafe, lime 
i is converted into the fame ftate with lime-Jlone, in a 
1 few days after it is mixed with the foil ; fo that if it 
{ produces any effeCt at all as lime, as a faline fubftance, 
: —it muft only be at the very firjl, when it is applied ; 
: and it muft a& ever afterwards merely as powdered 
iif limerjlone. • 

J3ut it is well known, that lime produces fcarcely 
any 
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any fenfible effett as a manure at the beginning. 
Even the firft year after it is applied to the foil, its 
cffe£ts are inconfiderable, in comparifon of what it 
produces in the fecond and fucceeding years. From t whence we mull conclude, that it operates upon the 
foil, merely as a mild calcareous earth ; and that its 1 
calcination is of no farther utility in preparing it for | 
manure, than as a cheap and- efficacious method of re- t| 
ducing the lime-ftone to a fine powder. 

§ 4* 
It is of importance, that thefe fa£ts ffiould be gen- • 

erally known ; becaufe it may fometimes happen, 
that good lime-ftone {hall, be found in places where : 
fuel could not be obtained for burning it ; in which. 1 
cafe, fuch lime-ftone could be of no ufe to the farmer, I 
if calcination were abfolutely neceffiary. But, feeing 
this is not the cafe, lime-ftone, even in thefe fituations, | L 
may be converted into a moft beneficial manure, if a 
ftream of water can be commanded, fufficient for J 
driving a mill, for reducing thfe ftone to powder. 

I have feen the model of a mill that had been in- 
vented for that purpofe, which was conftru£ted on the 
fame principles with an ordinary gun-powder mill. 
It had fevera! large mafly {tampers, compofed of huge 
blocks of caft-iron, that were fucceffively lifted up and ;l 
let fall by a wheel that catched their handles, and, after 
a proper time, flipped them again as it revolved round 
its axis. Thefe {tampers fell with great force upon 1 
the lime-ftone, that had been previoufly broken inta i 
pieces of a moderate fize, and placed in aftrong trough, 
formed for that purpofe. Through this trough, a 
fmall ftream of water was conveyed, which waffied j away with it, the fmall pieces of lime-ftone, as they 
were fucceflively reduced to powder by the {tampers. 
This ftream of water was received into a large re- 
fervoir, in which it was allowed to ftagnate, and de- | 
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pofit, as a feiliment, the lime-ftone powder it brought 
along with it ; the pure water flowing gently over a 
part of the brim, which was made lower for that pur- 
pofe. 

When the refervoirwas nearly full of this finepow*- 
der, the wrork was flopped ; the water was drawn off 
from the refervoir, by taking out fome plugs left for 
that purpofe, at different heights, till all that was clear 
had run off: the powdered ftone was afterwards 
thrown out to the bank, and allowed to dry fufhciently 
for ufe. 

I have heard that a mill, upon thefe principles, was 
eredled by the Honourable the Truftees for managing 
the forfeited eflates in Scotland, and that a good deal 
of lime-ftone was pounded with it. But, as it was 
ere<9ed in the Highlands of Scotland, where roads 
were bad, and where there was but little, fpisrit for im- 
provements in agriculture ; as there was no public de- 
mand for the manure, after the experiment was fuffi- 
ciently tried to fhow that it might be pra&ifed with 
advantage in other places, the mill was fuffered to l^e junempletyed. 

§' 5-. 
But although thi's may be eonfidered as a mofl val- 

uable difcovery for thofe who may have a good lime- 
quarry fo fituated as not to be within the reach of any 
kind of fuel for burning lime-ftone ; yet, to fuch as 
can obtain fuel at a moderate expenfe, there can be no 
doubt but that burning is the eafieft and moft efficacious 
mode of reducing lime-ftone to powder that e;ver was 
invented, and therefore ought always to be adopted 

^ where neceffity does not prevent it. 
Reducing lime-ftone to powder by calcination, is 

attended with this farther advantage to the farmer, 
that it confiderably diminifhes his expenfe uf carriage. 

, Pure lime-ftone lofes about two-thirds of its weight,by 
G being 
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being thoroughly burned ; fo that the man who is ob- 
liged to drive this manure from a great diftance, will j 
find a very confiderable favtng by driving it in the ftate i 
oijhells. But if it were reduced to a powder by me- 
chanical triture, he could not be benefitted by this cir- 
cumftance. 

Many perfons choofe to drive lime-ftone from a con- | 
fiderable diftance, and burn It at home : But it is ob- j 
vious they then fubjefl themfelves to a" very heavy j 
charge in carriage, which would be avoided by an op- 1 
pofite conduit. This, therefore, ought never to be 1 
praitifed but where other circumftances may counter- J 
balance this unfavourable one. 

§6- 
But as lime-ftone is often, in its native ftate, mixed j 

with fand in various proportions ; and as fand lofes | 
nothing of its weight by calcination, it muft happen, I 
that thofe kinds of lime-ftone which contain the larg- I 
eft proportion of fand, will lofe leaft in calcination, | 
and of courfe afford the weightieft lime-fhells. 

Hence it is obvious, that thofe who are under the 
neceftity of driving lime from a great diftance, ought 
to be particularly careful to make choice of a kind of ' 

. lime-ftone as- free from fand as poftible, and to drive it 
in the ftate of /hells ; as they will thus obtain an equal I 
quantity of manure, at the leaft expenfe of carriage 
that is poflible ; and the lighteft fhells ought, of courfe, ' 
to be always preferred. 

§ 7- 
When lime is flaked, that which contains moft fand 

falls moft; quickly, and abforbs the fmalleft proportion ; 
of water. What is pure, requires a very large pro- i 
portion of water, and is much longer before it begins 
to fall. 

Hence it happens, that thofe who drive fandy lime- 
fhells in open carriages, muft be very careful to guard j 

againft I 
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Sgainft rain ; becaufe a heavy {bower would make the 
whole fall, and generate fuch a heat as to be in danger 
of letting the carts on fire ; whereas pure lime-lhells 
are in no danger of being damaged by that circum- 
Itance. I have feen a cart loaded with fuch {hells, 
which had been expofed to a continued fhower of rain, 
as violent as is ever known in this country, for more 
than three hours, and feemed hardly to be affected by 
it in the fmalleft degree. I ought to obferve, how- 
ever, that.my experiments were confined to only one 
kind of pure lime, fo that it is not from hence demon- 
ftrated, that ail kinds of pure lime will be poflllfed of 
the fame qualities. 

§8. 
Lime Ihells formed from the pureft lime-ftone, re- 

quire more than their own weight ef water to flake 
them properly ;* whereas fome kinds of lime-fhelis 
that contain much fand, do not require above one- 
fourth part of that quantity. 

Hence it is much worfe economy in thofe w ho have 
pute lime-fhells, to flake and carry them home in the 
fiate of powdered lime, than it is in thofe who have 
only afandy kind of lime-fhells. 

§ 9- It is even, on fome occafrons, more advifable for 
thofe who have very fandy lime, to drive it in the ftaie 
of powdered lime, than in that of Jhells : For, as it is 
dangerous to give that kind of lime-ftone too much 
heat, left it fliould be vitrified, thofe who burn it can 
never-be certain that the whole of the ftone will fall 
to powder when water is added, till they have a&ually 

tried 
*1 have found, by experiment, thatpnrfe lime-fhells cannot be flaked with lefs than about one-fourth more than their own weight of water. When flaked in the ordinary way, the fame lime-fhelis took more than double, their weight of water. 



68 OF QTTICK-L1ME 
tried it ;* nor do they think it a great lofs if fome part 
of it thonid be imperfe£t!y burned, as it requires much 
lefs fuel on a future occafion than frelh lime-ftone ; 
and therefore they much rather choofe to err on this, 
than on the oppofite extreme. 

But, fhould any one attempt to drive this poor fort 
of lime in the (fate of Jhells, he would be in danger of 
carrying home many (tones that would never fall, 
which would more than counterbalance the benefit he 
would derive from the want of the fmall quantity of 
water that is required to flake it. 

On thefe accounts, it may be admitted, as a general 
rule, that thofe who can have accefs to lime-ftone 
which is free of fand, will fave a. great deal in the car- 
riage of it, by driving it in the ftate of Jhells \—and 
that, on the contrary, it will be moft economical in 
thofe who can only get lime of a very fandy quality, 
to drive it in the ftate of powdered lime. 

From hence it follows, that the pra&ice which now 
prevails, of carrying (hell-lime by water from one 
part of the country to another, is only an imaginary 
faving, obtained at a very high rifque, to thofe who 
drive ihelis of a fandy quality ;—but a real and une- 
quivocal advantage, of very high importance to the 
community at large, if thefe Jhells are obtained from a 
pure lime-ftone. 

Thefe obfervations relate only to the faving of car- 
riage, to the farmer ; an article of capital importance 
to him. It is proper now to take notice of fome other particulars that may equally affeft him in this 
way, as well as in the application of the lime to his 
ground. 

§ to. 
A vague opinion, in general, prevails in every part 

of the country, that one fort of lime may be more valuable than another : but it does not appear that 
farmers have hitherto had almoft any rule to dire£l them 
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them in the choice of different forts of lime ; fdme 
efteeming one fortflrongefl, as they term it, and fume 
valuing another fort more highly, without being able 
to affign any fatisfa£lory reafon tor the prefeience they 
give, in either cafe. 

It is of importance, that this matter fhould be elu- 
cidated. 

Although it does not always happen, yet, in many 
parts of the country, the real nature of lime is fo little 
underftood, that the weightieft lime is preferred, as a 
manure, to that which is lighter ; becaufe it is imag- 
ined the firft has more Jubfiance, and will therefore 
produce a more powerful effeft upon ground, than the 
fineft and lighteft lime. 

But, there feems to be no reafon to think, there is 
any difference in the fpecific gravity of different parcels 
of pure calcareous matter, when fully calcined ; there- 
fore, if there is any difference in the weight of various 
forts of lime, it muff arife entirely from a variation in 
the quantity or gravity .oi fome extraneous matter that 
is mixed with the lime. 

And as Jand is aim off the only extraneous body that' 
j| is ever found in lime-fione, and is always of much 

greater fpecific gravity than pure quick-lime,—it fol- 
lows,that the weighty lime only owes itsfuperior grav- 
ity to a larger proportion of fand that is mixed with it. 

But fand is of no value as a manure ; fo that he who 
voluntarily purchafes this kind of lime, in preference, 
to the other, is guilty of a great degree of folly ; which 
will be the greater, if he has likewife to drive it from a 
confiderable diftance. It would be better for him, if'he 

, is determined to ufe nothing but weighty lime, to buy 
fueh as is pure, if it can be obtained, and mix it with ! fand after he has got it home, fo as to give it the grav- 
ity required. Some might laugh at this,.as a proof of 
his folly, and juftly : but, it is, furely, lefs foolifh in 
him to do this, than to pay money for ihe fand which 
he would thus obtain for nothing, and drive it from a. 

G. 2 diftance3 
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difiance, when he might have it at his door. This 1 

pra&ice would alfo be attended with the farther ad^ 
vantage of enabling him to know exadtly, what quan- 
tity of rar/hme he applied to his ground, as he would 
not be in danger of conftdering the fand as a part of it, I 

§ i i. 
Thofe who have accefs to only one fort of lime- 

flone, mufl be contented with it, whatever may be its I quality. But fuchashave an opportunity of choofmg, | 
may be benefitted by the following obfervations : Pure lime-ftone, when fully calcined and flaked, is J 
reduced to a fine impalpable powder, that feels loft || 
between the fingers, without the fmallelt tendency to * 
grittinefs Such lime as contains fand, is never fo fine- | 
nor fo foft, but feels gritty between the fingers, and is :j| 
more or lefs fo as the fand is coarfer or finer, or in J 
greater or fmaller proportions. 

The lime from pure litne-ftone, is always of a bright 1 
white, when perfectly calcined, without a tendency to I 
any colour. When it has any colour, it proceeds from j| ■the fand* or other uncaicareous matters in its cotnpo- | 
fition. There are, however, forme forts of fand, that f 
are of fuch a pure whitenefs,as not todebafe the colour 
of the lime in the fmalleli degree ■; but thefe are rare : 1 

—And there are Tome matters that alter the colour of I 
the lime a good deal, without debafing its quality in J 
any confiderable degree ; but thefe are ftill more rare jl 
than the former. 

Hence it follows, that the bed lime for the purpofe || 
of the farmer, is that which is lighted, foftell to the ¥ 
touch,* and whiteft. The more they deviate from 1 

. either of thefe tells of purity, the worfe they are for | 
him. That 1 

* Softnefs to the touch is not an unequivocal proof of the ■J purity of lime. I have feen one kind of lime, that contained J a large proportion of an uncaicareous impalpable powder, Jj that was as foft to the touch as the purelt lime ; but this was | « lingular exception to a rule that is very general. 
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§ 12. 

That the farmer may have under his eye, at one 
time, the feveral criteria of the purity of lime, that 
have been enumerated in different places of this Elfay, 
I choofe to mention them here all at once. If he is 
attentive to mark fhefe peculiarities, he needs be very 
littie felicitous about examining the qualities of his 
lime, by any more minute or troublefome trials. They 
are as under : 

If the lime-ftone lofes much ftf its weight in calcin- 
ation, and the Kme-fhells are extremely light ; if the 
fhells require a very large proportion of water to flake 
them fully ; if it is long before they begin to fall ; if 
the lime-ftone is not apt to run (or be vitrified) in the 
operation of burning ; if it falls entirely when it gets 
a fufficient quantity of water, after it has been pro- 
perly calcined ; if it fwells very much in flaking, and 
if the lime is light, fine to the touch, and of a pure 
white ; he may be fatisfied, that it is extremely good, 
and may ufe it in preference to any other lime that is 

-inferior to it in any of thefe refpe£fs. 
Thefe rules are perfectly fufficient to decide as to 1 the comparative value of any two kinds of lime that ■may be oppofed to one another and may be relied upon 

as fufficiently accurate for the ordinary purpofes of the 
farmers. 

§ 13- 
But fuch as may difeover a new quarry of lime 

; ilone, and who wiflt to afeertain with certainty its 
’ real value, before they put them-felves to any expenfe 

about it, will do well to employ the following more 
j accurate, and in that cafe, more eafy analyfis. 

As ail calcareous matters are capable, of being difi- 
folved in acids—and as no other earthy matter can be 1 difiblved in them—it follows, that if a fufficient quan- 

; «ity of acid is poured upon any body that’contains cal- careous 
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careous matter, this matter will be quickly diflblved, | 
while the others are left behind ; and the proportions 
of each may be accurately afcertained. 

To try the exad value of any kind of lime-ftone, or 
other calcareous matter,—-take a quantity of aquafor- j 
tis,* or fpirit of fait it and having prepared them as i ; 
in the margin,J put them into a glafs or earthen veffel; I 
—add to that, by little and little, a known quantity of ,j I 
the matter you mean to examine, which had been pre- Iji! 
vioufly dried, and reduced to powder. After each ad- I 
dition, fufferthe violent effervefcence or ebullition that | 
will enfue to abate before more is added. When the | 
whole of the powder is put to the acid, and the effer- || 

vefcence • I 
* Nitrous add. f Muriatic add. 
$ All the mineral acidsefFervefce and unite with calcareous j earths. But as the vitriolic acid (fpirit or oil of vitriol) i] does not di[folve the calcareous matter, but forms a new con- crete, that ftill retains its folid date, it is not fit for this exper- iment. And as it fometimes happens, that a little vitriolic add is mixed with either the nitrous or muriatic acids, it becomes | neceffary to be certain that this is not the cafe, before they are employed in this experiment. Theeafieft way of trying if thefe adds are free from the vitriolic, is to put a little chalk into them before you employ them. If the acid is pure, the chalk will diflblve very read- ily ; but if not, fome part of the chalk will fall to the bot- tom, in the form of a pure white fediment. When this is the cafe, add fmall bits of chalk, by little and little, till no more of that white fediment appears ; after which, the acid may be kept for ufe, as fufficiently pure. If the nitrous acid is fo (trong as to have a flight brown, or reddiJh appearance, it ought to be diluted with water, till it ufliimes a greenifh look. As it is bought in the (hops, tor the ufe of dyers, &c. it is ufually weak enough. If the muriatic acid is fo Itrong as to have a bright yellow colour, or emits fumes when the bottle is opened, it ought to be diluted,by adding water, till it aflumes almolt a colourlefs iranfparency, with a very faint tinge of yellow. When they are thus prepared, either of thefe acids may be nfed indifcriminately for this experiment, as they are equally proper. 
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Vefcence entirely fubfided, ftir it about feveral times 
with a piece of tobacco-pipe, and allow it to remain 
for fome time, that the acid may a-6t upon every par- 
ticle of the matter, and thoroughly dilTolve it. And to 
be certain that there has not been too little acid, put a 
few drops of frelh acid to the folution, which will ex- 
cite a frefh eftervefcence if the whole is not fully dif- 
folved. When no change is produced by this addition, 
it is a certain proof that the whole of the calcareous 
matter-is already difiTolved. 

Take then a piece of filtering paper, thoroughly 
dry, the weight of which is alfo known, fold it prop- 
erly, and put it in a glafs funnel ; pour the whole of 
the folution, with the matter that may have fubfided, 
into the funnel, and allow it to filtre'through the pa- 

! per flowly. When the fluid part has thus drained off,.- 
I fill up the filtre again with pure water, to wafh off 
I ;he whole of the faline parts from the rejiduum.* Add 
I water, in this manner, till it comes off without any 
1 faline tafte ; fuffer it then to drop off entirely, dry it 
I thoroughly, and weigh the paper, with its contents. ■i 7'he difference between which, and what the powder 
| and paper were at the beginning, is the whole weight 
I of the calcareous matter ; fo that its proportion to the 
I whole mafs is perfe&ly afcertained. 

In this manner 1 have examined a great many dif- 
1 ferent kinds of lime-ftone, and have found them vary 
I in all degrees of .purity, from fuch as were entirely fol- 
Iuble in acids, as fagar or fait is in water, to others that 

contained only one-twelfth of their weight of foluble 
matter, and eleven-twelfths of fand. The ordinary 
kinds of lime-ftone contain from one-third to two- 
thirds of their weight of fand. Hard chalk is ufually 

I : a pure calcareous earth, foluble in acids ; and fome 
f forts of lime-ftone may be met with that are equally 
l pure, but thefe are tare. The only extenfive lime . quarries 

* The matter that remains undifTolved, 
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quarries of fuch pure lirfie-ftone, that I have met with, 
are at Sunderland, in the county of Durham, where 1 ' 
there are feveral quarrids of exceedingly fine lime- ! 
{tone, the beft of which belonged, in the year I777rto ^ 
Mr. James Galley of that place. There are fomc ( quarries farther up the river Wear, the {tone of 
which is of a much inferior quality. 

Were all the ftones in the fame quarry equally pure, 1! 
the above would be a perfect and unexceptionable * 
method of ascertaining the purity of any lime-ftone : •I t 
But it often happens, that in a quarry of the very word [ 
quality, there are fome pieces found that confift of pure 
fpar, that are entirely free of any mixture of fand ; i 
and in other quarries of a better fort, there are often 
fmall veins of an impure fort of done, mixed through \ 
the rock ; fo that if either of thefe Should chance to !' 
be picked out as a fpecimen for trial, the refult would 
not be juft. 

To avoid falling into this miftake, any one who 1 

wilhes to make an accurate analyfis of any newly dis- 
covered lime-done, will do well to take eight or ten 
flones from different parts of the quarry, that are fome- 
what different in appearance from one another ; and} 
having taken a chip from each, pound the whole to- , 
gether, to afford a proper fubjeft for the experiment. 

The fame experiment might be tried with lime ; i 
but it is evident the proportions would be different in 
the fame done, from what they would be if tried be- 
fore calcination—as lime wants its fixed air, &c. | 
which it had when in the date of lime-done. But as | 
the lime is more liable to be varied by accidental cir- | 
cumdances, it is bed to try- the experiment with lime- | 
done. 

It is in general believed, that the lime made of the 
harded lime-done is jlronger, as it is called, by which 
is meant more ppwertully efficacious as a manure, than 

that 
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that which is made from materials of a fofter nature. 
Hence it is in general afTerted, that lime made from 
chalk, is much vyeaker, as a manure, than that which 
is made from harder lime-ftone. 

Nothing, however, can be more erroneous than this 
hypothefis. In the former part of this Eflay, I have had 
occafion to explain pretty fully what is the real differ- 
ence between chalk and lime-ftone ; and nothing can 
be more certain, than that the lime made of chalk is 
purer than that made from almoft any lime-ftone, and 
Contains a much larger proportion of calcareous mat- 
ter ; on which account, it muft be more efficacious as 
a manure, than any of thefe more impure kinds of 
lime. 

The hardeft lime-ftone that I know, is that belong- 
ing to Mr. Galley, at Sunderland. Its external ap- 
pearance rather refembles flint than lime-ftone ; yet 
the lime made of this exceedingly hard ftone, is as 
light, as white, and as foft to the touch, as the pureft 
chalk-lime. It differs not from that in any refpeft, 
infomuch that I defy the greateft connoiffeur in thefe 
matters to diftinguiffi between it and the pureft chalk- 
lime, when perfectly calcined, by any other means 
than by the pieces of flint that are fo often met with 
among chalk-lime. 

And frpm this lime, obtained from thefe very hard 
ftones, as perfedl chalk may be artificially made by 
the fimple procefs defcribed § 24, as was ever obtained 
from any quarry in England. 

From thefe confiderations, therefore, I am obliged 
to conclude, contrary to the common opinion, that 
chalk-lime is, almoft in all cafes, more efficacious as a 
manure, than any lime obtained from lime-ftone, in 
equal quantities ; as it is extremely rare to meet with 
a lime-ftone that contains near fuch a large proportion 
of calcareous matter ; on which account it ought al- 
ways to be preferred by the farmer, where both can 
be had at the fame price. 
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§ *5- 

We know little certain about the mode in whicli, 
lime operates, excepting that it a£ts merely in confe- 
quence of its being mixed with the foil in fubftance. 
If a heap of lime, of a confiderable thicknefs, {hall 
have lain ever fo long upon one fpot, and be after- 
wards carried clean away from it, fo that none of the 
particles of the lime remain to be mixed with thejfoil, 
—that fpot will not be richer, or carry more luxuriant 
crops, than the places around it ; which, every one 
knows, is not the cafe with regard to dung. 

•Again—If lime be fpread upon the furface of the 
foil, and allowed to remain there, without being plough- 
ed in, its effe&s will fcarcely be perceived for feveral 
years, till it has had time gradually to fink through the 
fward, and mix with the foil ; after which, its effe£ts 
begin to be perceived, although much lefs fenfibly than 
if the fame quantity of lime had been intimately mixed 
with the foil by means of the plough and harrow. 

I am not a ftranger to the improvements that have 
been made in Derbyfhire, by means of lime, without 
the plough ; but this is no exception to what I have 
faid. The effe&s^are flow though certain. Thofe who 
inhabit countries that admit of the plough, are often 
advifed to lay lime upon the grafs, and are made to be- 
lieve that their paflure will be inftantly mpnded by it,, 
nearly in the fame perceptible manner as if it had been 
dunged. This, I myfelf have tried, and have feen it 
tried by others, but always found that the grafs for the 
firft year was rather hyrt than bcnefitted by it; nor 
was it fo much improved in fycceeding years, a>s if the 
fame quantity of lime had been applied, and intimate- 
ly mixed with the foil. In this mode, of applying 
lime, therefore, it is long before it yields a proper re- 
turn ; and is not to be recommended to a poor man, 
unlefs where neceffity obliges hitn.to pra&ife it. 
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§ 16. 

If, then, lime a£ts upon the foil more efficacioufly 
in confequence of being intimately mixed with it, we 
may naturally conclude, that it will produce a more 
fenfible effe£t, when it is reduced to exceedingly fmall 
particles, than when it is applied to the foil in larger 
lumps ; as thefe do not admit of being fo intimately 
mixed with the particles of the foil. 

But no method has ever yet been difcovered for re- 
ducing calcareous matter to fuch fmall component 
parts, or of fpreading it fo evenly over a field, or of 
mhdngit fo intimately with the foil, as by calcination. 
Accordingly, it is found, that lime will produce a very 
fenfible effeA upon the foil, when applied in much 
fmaller quantities, than any other calcareous matter 
whatever. 

Confidered in this view, it can never be expe&ed 
that lime-ftone, reduced to powder by any kind of me- 
chanical triture, will produce, fuch a fenfible effect up- 
on the foil, as the fame quantity of calcareous matter in 
the ftate of lime, if properly applied ; becaufe it is im- 
poffible, by mechanical means, ever to reduce it to luch 
a fine powder as it naturally falls into after calcination. 

§ 17- 
Much, how-ever, depends upon the mode of applying 

the lime to the foil, after calcination. If it is fpread 
as foon as it is flaked, while yet in a powdery ftate, a 
very fmall quantity may be made to cover the whole 
furface of the ground, and to touch an exceedingly 
great number of particles of earth. But if it is fuf- 
fered to lie for fome time after flaking, and to get fo 
much moifture as to make it run into clods, or cake 
in(P large lumps, it can never be again divided into fuch fmall parts ; and, therefore, a much greater quan- 
tity is neceflary to produce the fame efFe£l, than if it 
had been applied in its powdery ftate. 

H But 
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But if the foil is afterwards to be continued long in 

tillage—as thefe clods are annually broken fmaller by 
the adlion of the plough and harrows, the lime muil 
continue to exert its influence anew upon the foil for a great courfe of years:—it will produce an efFe£t 
nearly fimilar to that which would be experienced by 
annually ftrewing a fmall quantity of powdered lime 
over the furface of the foil. But as the price of the 
lime mull, in the firft cafe, be paid by the farmer alto- 
gether, at the beginning, which only comes to be fuc- 
ceflively demanded in the other cafe, this deferves to 
be attended to, as it may become a confideration of 
fome importance where lime is dear, and money not 
very plentiful. 

§ 18. 
In few particulars are pra&ical farmers more divid- 

ed in opinion, than about the quantity of lime that may 
be laid upon an acre of ground with profit, or even 
with fafety. Some require that it fhould be applied 
in fuch fmall quantities, as thirty or forty bufhels to 
the acre ; and aver, that if more isufed, the ground 
will be abfolutely ruined : while others maintain, that 
ten times that quantity may be applied with fafety. 

A great variation may, no doubt, be produced in 
this refped, by a difference in the nature of the foil,— 
in the (late of culture it is under at the time,—in the 
quantity of calcareous matter with which it may have 
been formerly impregnated ;—and perhaps a variation 
may fometimes arife from other circumftances that 
have never yet been attended to. 

A difference will likewife arife from the quality of, 
the lime that is applied, and from the manner in which 
it is employed. Some kinds of lime contain, perhaps, 
ten times more calcareous matter than other kinds — 
And it has been fhown above, that a very great differ- 
ence may atife from the mode of applying the lime. 

Confidering 
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Confidering all thefe circumftances, it would appear 

a little prefumptuous in any one to prefcribc pofitive 
rules that Ihould be generally adopted in this refpedh 
This I (hall not attempt—but (hall relate, with can- 
dour, fuch obfervations as have occurred to myfelf, in 
the courfe of a pretty extenlive experience of this ma- 
nure. 

§ 19- 
It is common to hear thofe, who have had little ex- 

perience of lime as a manure, recommend very great 
caution, left too great a quantity be employed, (or (ear 
of burning the foil, as they exprefs it. This idea of 
burning has been evidently adopted, from v. hat is ex- 
perienced by applying caufticlime to animals or vege- 
tables, in large quantities, as it often corrodes and 
(hrivels them up, and produces other effe&s which 
greatly refemble thofe of fire : But it cannot produce 
any fuch effe&s, unlefs there are vegetables growing ■upon the foil at the time. In that cafe, the vegetables 
might, indeed, be corroded by the lime, if rain (hould 
fall immediately after it was fpread, when newly (lak- 
ed ;—but as it lofes this fiery corrolive power in a few 
days after it is fpread, nothing of that kind can be ex- 
•pecf ;d to happen to the foil. Accordingly., we never 
hear of crops being burnt up with too great a quantity 
of lime, in thofe countries where it has long been ufed 
as a common manure—although it is there often em- 
ployed in much larger quantities than in any other 
places-where it is more rare. 

I myfelf have had the experience of lime in all pro- 
portions, from one hundred to above feven hundred 
buftiels to the acre, upon a great variety of foils ; and 
have always found, that its-effedl in promoting the 
fertility of the foil, has been in proportion to the quan- 
tity employed, other circumftances being alike. 

The expenfe in mod cafes prevents farmers from 
employing this manure in greater quantities than thofe 

above 
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above mentioned ; but accidental circumftances clear- 
ly Ihow, that if it were applied in much larger quan- 
tities, the effedt would only be to promote the luxu- 
riance of the crop in a higher degree. 

§ 20. A gentleman of my acquaintance, in whofe verac- 
ity I perfe&ly confide, happening to be from home 
when a large field was limed ; and having no occafion 
for the whole quantity of lime that had been brought 
for that purpofe, and laid down in one corner of the 
field, his fervants, without driving it away, mixed 
what remained with the foil, although the lime lay 
there about four inches thick over the whole furface. 
The effedt was, that for many years afterwards, the 
grain in that place was fo immoderately luxuriant, 
that it fell over, and rotted before it came to the ear. 
After many years, this luxuriance abated a little, fo as 
to allow the grain to ripen ;—but it was there always 
much more luxuriant than in any other part of the 
field. 

An accidental experiment, nearly fimilar to this, fell 
under my own obfervation. It happened that the 
fervants of another farmer laid, by miftake, a few 
heaps of lime upon a grafs field th&t he did not intend 
Ihould be broken up at the time. The miltake was 
foon difcovered, and no more lime was laid down at 
that place, and the few heaps (about a bulhel in each) 
were allowed to lie, negledled, without being fpread. 
The field was paftured upon for feven or eight years 
after that, before it was converted into tillage ; and 
the heaps were by that time become fo flat, and fo far 
funk into the.ground, that they could hardly be dif- 
covered. 

Before it was ploughed up, the whole of the field 
was limed, and this part of it equally fo with the reft ; 
nor were the old heaps touched till the plough went 
through them in tilling the field, when the lime was there 
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there turned up3 with only a very fmall mixture of foil. 
The confequence was, that at every one of thefe heaps, 
a tuft of corn fprung up with fuch luxuriance as to be 
entirely rotted before harveft ;—and for many years 
afterwards, thefe tufts could be diftinguifhed from the 
other parts of the field, at a very great diftance, like fo 
many buttons on a coat ;—and, perhaps, continue fo 
to this day. 

From thefe experiments, as well as other confider- 
ations that will afterwards occur,—there feems to be 
reafon to conclude, that on foils which do not naturally 
abound with chalk, or other calcareous matter, there 
is lefs danger in giving too much lime, than in apply- 
ing too little ; except in thofe cafes where an over- 
luxuriance is dreaded. 

I have often heard it urged, as an obje&icn to the 
ufe of lime as a manure, that although it does indeed 
promote the fertility of a foil, in a higher degree at 
firft, yet, in the end, it renders it much more fteriL 
than formerly ; on which account, they fay, it ought not 
to be at all employed. 

This, like many other obje&ions to ufeful pra&ices, 
takes its rife entirely from the avarice and unfkilful- 
nefs of thofe who complain. It is chiefly heard of in 
thofe parts of the country where it is not uncommon 
for a farmer, after once liming a poor foil, to take 
fifteen or fixteen Crops of oats fucceffively, without 
any other drefling or alternation of crops. It muff be 
a good manure that enables thefe foils to produce fuch 
a number of fuccellive fcourging crops of any fort : 
But it would be a marvellous one, indeed, if it fhould 
prevent thofe fields from being exhaufled by them. 

. But,, is it not well known, that in all the richefl and 
beft improved parts of the country, lime has been long 
employed as a manure ? Yet, fo far are thefe foils 
from being rendered fteril by it, that it is doubtful if 

H 2 any 
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any art, without (he affiftance of lime, or fome calca- 
reous matter, could ever have brought thefe fields to ' 
their prefent degree of fertility. Thofe, therefore, I 
who complain of the hurtful effefts of lime as a ma- 
nure, proclaim what they ought to conceal,—that they 
have had in their pofleffion a treafure,which might have 1 
enriched their pofterity, but which they have idly 
fquandered away in their own life-time. 

§ 22. 
We are not only unacquainted with the mode in 

which lime operates upon the foil, but we are even, 
in a great meafure, ignorant of the a&ual changes that 
are produced upon the earth,~ after this manure is ap- 
plied. So much time is neceffary to difcover theie, I 
*—and fuch accuracy of obfervation is required, that it will, perhaps, be long before the whole (hall be fully 
afcertained. I (hall mention a few that have occur- 
red to myfelf. 

It is often afked, how long the effe£ts of lime may 
be perceived on the foil ? and, if by this queftion it be \ j 
meant to afcertain the length of time that the effefts of \ 
lime will be perceptible in promoting the luxuriance of " 
the crop after one manuring, it is no wonder that very 
different anfwers Ihould be given, as the effedts muft 
vary wi.h the quantity or quality of the lime employed ; 
the nature of the crops that follow, and many other 
circumftancesr that it would be impofiible here to enu- 
merate. 

But if it be viewed in another light ; if Flme be fup- ’ 
pofed to alter the foil, fo as to render it fufceptible of 
being affedted by other manures in a more fenfible de- 
gree, fo as to make it capable of producing crops, that 
no art could otherwife have effedled, and to admit of 
being improved by modes of culture that would not 
otherwife have produced any fenfible benefit j the 
anfwer to the queltion would be more eafy, as, in this 
light, it is pretty plain, that its eff;dls will be felt, 
perhaps, as long as the foil exifts. I believe, 
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I believe, farmers are feldom accuftomed to confider 

lime, or other calcareous manures, in this laft point of 
view ; although, when it comes to be inquired into, 
I doubt not but this will be found to be by far the 
moft valuable effedt of thefe manures. A lew fadls 
will befl illuftrate my meaning : 

In Derbyfhire, the farmers have found, that by 
fpreading lime in confiderable quantities upon the fur- 
face of their heathy moors, after a few years, the heath 
difappears, and the whole furface becomes covered 
with a fine pile of grafs, confiding of white clover, 
and the other valuable forts of pafture-gralTes. This 
fhows, that lime renders the foil unfriendly to the growth of heath, and friendly to that of clover. 

It is found by experience, that in all porous foils, 
which are not expofed to too much dampnefs, in every 
part of Scotland, where lime has not been employed, 
heath has a natural, and almoft irrefiftible piopenfity 
to eftablilh itfelf. In thofe parts of the country 
where lime has been much ufed as a manure, we find, 
that the fields may be allowed to remain long in grafs, 
without being covered with that noxious plant. 

Again :—It is well known by thofe who have been 
attentive, and have had opportunities of obferving the 
fadf, that peas, of any fort, can never be fuccefsfully 
cultivated in any part of the country, where the foil 
is not of a very ftrong clayey nature, or where lime 
or other calcareous manures have never been employ- 
ed. If the ground be made as rich as poflible with 
common dung, although the peas, in that cafe, will 
vegetate, and grow for fome time with vigour ; yet, 
before they begin to ripen, they become blighted ; 
ufually dip away entirely before the pod is formed, 
and but rarely produce a few half-formed peas. 

But if the ground has ever been limed, although, 
perhaps, at the dittance of thoufands of years before 
that period, it never lofes its power of producing good 
crops of peas, if it is put in a proper tilth for carrying 
them at that time. Again 
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Again :—In countries that have never been limed, 

the kinds of grafs that fpontaneoufly appear, if left to 
themfelves, are the fmall bent-grafs and feather-grafs. 
In places where lime has ever been ufed, the ground,, 
if exhaufted, produces fewer plants of thefe graffes ; 
but in their (lead, white clover, the poa and fefcue 
grafles, chiefly abound. 

The foil, in either of thefe cafes, may become 
equally poor;—that is, may produce equally fcanty 
crops : But, the means of recovering them will be 
fomewhat different. In the laft cafe, a fallow feldom 
fails to prove beneficial. In the fir ft, it is often 
of no effedl, fometimes, even hurtful. In the laft, a 
moderate drefling of dung, produces a much more fen- 
fible and lading effedf, than in the other. In the laft, 
the quality of the grafs, as well as its quantity, rather 
improves by age. Inthefirft, thefe circumftances are 
reverfed. 

I might mention feveral other obfervations, tending, 
to fhow that ground, which has been once impregnated 
with calcareous matter, acquires qualities from that 
moment which it did not poflefs before, which it ever 
afterwards retains, and never returns exa£fly to its 
former ftate. But, I have faid enough to fuggeft this 
idea:—future obfervations will ihow how jultly it is 
founded. 

§23- 
Although lime has fuch powerful effedts on the 

foil, it does not feem ever to incorporate with the 
mould, fo as to form one homegeneous mafs ; but the 
lime remains always in detached particles, which are 
larger or fmaller, in proportion as it has been more or 
lefs perfedlly divided when it was fpread, or broken 
down by the fubfequent mechanical operations the foil 
may have been made to undergo. Hence it happens, that in ploughing, if there chance 
to be any lumps of calcareous matter in a dry ftate, upon 
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upon the furface, they naturally tumble into the bot- 
tom of the open furrow, as foon as the earth is edged 
up upon the mould-board, fo as to fall into the lowed: 
place that has been made by the plough before the 
furrow is fairly turned over. 

In confequence of this circumftance, it muft hap- 
i pen, that, in the courfe of many repeated ploughings, 
more of the lime will be accumulated at the bottom of 
the foil, than in any other part of it. And as^ the 
plough fometimes goes a little deeper than ordinary, 
the lime, that on thefe occafions chances to be depofit- 
ed in the bottom of thefe furrows will be below the ordi- 
nary ftaple of the foil, it will be ufelefs for the purpofes 
of the farmer. It is commonly thought, that the lime 
has funk through the foil by its own gravity ;—although 
it is certain, that lime is fpecifically lighter than any 
foil, and can only be accumulated at the bottom of the 
mou}d by the means above deferibed ; others think, 
that the lime is chemically dilfolved, and afterwards 
depohted there ; but this idea is not corroborated by 
the fa&s that have fallen under my obfervation. The 
directions that follow are equally applicable in either 
cafe. 

To obviate this inconvenience, it behoves the far- 
mer, in the firft place, to be extremely attentive to 
have his lime divided into as fmall particles as pollible 
at the time of fpreading : For, if thefe are fufficiently 
fmall, they incorporate fo intimately with the mould, 
as to be incapable of being eafily detached from it. 
On this account, as well as others, it is always mpft 
advifable to fpread the lime when in its dry powdery 
Hate, immediately after flaking, before it has had time 
to run into lumps. 

It is alfo of importance to plough the foil with a 
more (hallow furrow than ufual, when lime is put 
upon it ; efpecially the firft time it is ploughed after 
the lime has been fpread upon its furface : Becaufe, 

that ploughing, the lime being all on the furface, a 
larger 
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larger proportion of it is turned into the bottom of the il 
laft-made furrow, than at any fucceeding ploughing ; ; . 
and therefore more of it will be buried beneath the 
Itaple than at any other time, if the furrow fhall have 
been very deep. 

This circumftance becomes more efTentially necef- 
fary in ploughing grafs-ground that has been newly 
limed ; becaufe, in this cafe, the lime is lefs capable ; 
of being mixed with any part of the foil than in any c'. other. 

It alfo becomes extremely neceflary, in all fuc- t: 
ceeding times, to guard as much as pollible againft t 
ploughing to unequal depths. 

I have hitherto fpoken only of Time as a manure || | 
l>ut moft of thefe obfervations, it will appear, may be f equally applied to other calcareous matters. That y 
the comparative value of thefe, and the real difference ci 
between them, when compared feparately with lime, ^ 
as well as with one another, maybe fully underflood,!(j 
it will be nsceflary to confider each clafs of thefe fub- r fiances feparalely, and point out with precifion its pe- J c euliar diftin&ive qualities. 

% 24. 
OF CHALK. 

All the writers on agriculture whom I have ever 
yet met with, have confidered the feveral clafles of cal- 
careous fubftances as diftindt kinds of manures, and as - 
poflefling qualities extremely different from one anoth- ! 
cr on many oceafions. And hence it happens, that ; 
fometimes one of thefe, which chances to have be- | 
come the favourite of the author, and fometimes an- ; 
other, is highly recommended, while the others are def- j 
pifed as ufelefs, or reprobated as pernicious. 

In this manner, a very late Writer,* with whom ; 
chalk is a peculiar favourite, fays, ‘ I will lay it down 1 

# jbe Author of the Complete Englifh Farmer. 
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ulown as a certain and incontrovertible maxim, that 
chalk freth from the pit, laid on and managed as before 
diredted, in the proper feafon, will enrich every fort 
of earth it is laid upon ; and that lime, on the con- 
trary, laid on at whatever time, or managed in what- 
ever manner, will, after the firft or fecond year, im- 
poverilh every foil it mixes with. 

It would be no difficult matter to produce other 
luthors, who, in a like decifive manner, reprobate the 
ife of chalk, while they enlarge, without bounds, ©n 
he qualities of lime ; and others who prefer marie of 
‘ifferent forts, or fome of the other clafies of calcareous 
:arths, as the mofl valuable of all manures, while they 
tondemn the others beyond all bounds of moderation. 

The truth, however, is, that although thefe authors 
ay be right in recommending their own favourite 
lanures, the beneficial effedls of which they may have 

iften experienced ; as they ufually condemn the others 
nerely from early prejudices, or imperfedl trials of 
hem, which have not fucceeded, their decifions ought 
mly to be confidered as a proof of their being unac- 
[uainted with the real qualities of the matters they 
:ondemn, and of that prefumptuous weaknefs which is 

ever the attendant of ignorance. 
Nothing can afford a ftronger proof, that the author 

fabove mentioned was totally unacquainted, either in 
theory or practice, with the real difference between 

-:halk and lime, than the pofitive diftindlion he has 
ade between thefe two fubftances as a manure.* 

§ 25. 
It has been demonftrated in the preceding part of 

|fhis Effay, that lime differs not in any of its qualities 
[jfionn chalk, except that it is deprived of its fixed air ; 
Jwhich can have no effe£l on it as a manure, becaufe it 
again abforbs that fixed air before it has been a few 

days The Reader ought to be informed, that the lime he con- sl'demns, is lime made from the very chalk he fo much approves ft IQ ft 
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days applied to the foil. After this period, therefore, 
what was originally lime, is now chalk, and muft have 
the fame effe£ls upon the foil in every refpeSl, as an 
equal quantity of chalk, equally fpread upon it, would 
have had. 

it is eafy, however, for thofe who attend to the 
praftice of this Gentleman, to account for his partial- ! 
ity to chalk. The quantity of chalk he recommends, 
is twenty-five loads per acre ; which, I fuppofe, may 
be about twelve hundred bulhels.* Headvifes only ten 
or fifteen bufhels of lime. Is it furprifing that the 
effedts of thefe two dreflings fliould be extremely dif- 
ferent ? 

He ventured once to give a field of clay a dreffing 
of fixty buihels of lime ; after which he took, 

r. wheat, produce 16 bufliels, 
2. oats, ... 4 quarters, 3. barley, . . 5 bufliels, 
4. clover, . . . worth nothing. 

Hence, fays he, the lime has ruined my foil. 
The foil was acknowledged to be pobr—Inftead of 

fixty, it is doubtful if fix hundred bufliels would have 
been fufficient to make it produce good crops, under a management fo execrable in other refpedts. 

But—to leave off thefe ungracious ttridlures, I now 
proceed— 

§ 26. 
Chalk, as has been often faid in the courfe.of 

this Eflay, is a pure calcareous earth, haftily concreted. 
Sometimes it is mixed with a fmall proportion of ar- 
gillaceous* matter, in which ftate it approaches to the 

nature 
* A load, I underhand, to be a waggon-load—which, I fuppofe, may contain between five and fix quarters. 

* Clayey. 
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nature of marie. In either the one or the other of 
tbefe {fates, it is employed as a manure in the coun- 
tries where it abounds.. 

Chalk differs not from lime in any particular that 
can affedf the farmer, unlefs it be that lime, by being 
in the {fate of a fine powder, admits of being more 
equally fpread upon the ground, and more intimately 
mixed with the foil, than chalk ;—from whence it fol- 
lows, that a much fraaller tpiantity of lime may be 
employed fuccefsfully as a drefiing for ground, than 
could poftibly be the cafe with chalk. 

In order, therefore, to make chalk produce the 
greateft poffible effect upon the foil, it becomes necef- 
fary to reduce it into as fmall pieces as can be done ; 
fo that it ought to be an objedf of great importance to 
thofe farmers who have an opportunity of employing 
this fubfiance, to difcover what is the eafieft and leaft 
expenfive method of reducing it, as foon as poflible af- 
ter it is fpread upon the foil, into very fmall portions. 

Chalk is fuch a porous fubftance, that when in its 
native bed, after long and continued rains-, it is found 
to have imbibed a great deal of moifture, by which it 
affumes a foftifii fee) to the touch. 

But if chalk be dug out of the pit and dried flowly 
and perfe&ly fey the heat of a fummer’s fun, its pores 
become in fome degree contrafted ;—it refifts, in a 
great meafure, the frefly admifiion of water, and ac- 
quires a much greater degree of hardnefs^ than when 
it was originally dug from the quarry. 

On the contrary, if it be taken from the pit during 
the wet weather in winter, and expofed to the rains 
that ufually fall at that feafon, it has never time to 
dry—its pores remain quite full of water ; and when 
the froft comes on, that water in the a£l of freezing, 
being greatly expanded, burfts it forcibly afunder, and 
makes it crumble down into a flimy kind of powder. 
And as the pieces that may remain undecompofed, 
continue to abforb more as the rains fall from the 

i heavens. 
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heavens, the frofts that may fucceed occafion a new 
diffolution ;—fo that by thefe alternate rains and frofts, 
the whole is in time totally divided, fo as to admit of 
being pretty evenly fpread, and mixed with the foil. 

For thefe reafons, it is always expedient fo dig the 
chalk in the beginning of winter, and to fpread it im- 
mediately upon the field as well as can be done, fo as 
to expofe it to the viciflitudes of the winter weather,, 
before it has had time to harden after being taken from 
the pit. 

§ 27. 
As the chalk ought always to be carried to the field* 

while yet wet, it, in a great meafure, prevents thofe 
who may be at a diftance from the place where it is 
found, from being benefitted by this manure ; becaufe 
the carriage of it would in thefe circumftances be ex- 
tremely burdenfome. 

To obviate this inconvenience,, it becomes a very 
economical pradlice, to reduce it to the ftate of lime 
before it is carried home : For, in this way, the weight 
is not only much diminilhed by the difiipation of all 
the moifture from the chalk, but it can alfo be carried 
home in fummer, when the weather and roads are at 
the bell; ; and a much fmaller quantity will produce 
an equal effedt, than when it is in the ftate of chalk. 

Thofe, therefore, who have no other calcareous ma- 
nure within reach of them but chalk, when that is at 
a confiderable diftance, ought always to drive it in the 
ftate of lime. But thofe who are clofe by the pit, will,, 
in general, find it more economical to employ it in the 
ftate of chalk. 

§ 28. 
Chalk fo much abounds in ^he fouthern parts of 

Britain, that fhips fometimes bring it as a ballaft ta 
the north ; on which occafions, it may be purchafed 
at a moderate price by the farmer. But although it 

contains 
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contains perhaps nearly an equal quantity of calcare- 
ous matter as the fame bulk of fome very pure kinds 
of lime, yet it will not be good, economy in him to pur- 
chafe it at the fame price with the lime, as at leaft three 
or four times more chalk than lime will need to be ap- 
plied to his foil, before it produces an equal effe£t : 
For, as it is impoflible to get that hard dry chalk re- 
duced to fmall enough parts, a great quantity muft be 
applied before it can produce any fenfible effect ; and 
although the effects of this manure may be lading, yet: it is never any thing near equal to lime, if applied in 
equal quantities. 

Another calcareous matter, of great utility as a ma- 
nure, is marie—The diftinftive properties of which 
fall now to be confidered. 

§ 29. 
O F MA RLE. 

Few fubftances appear under a greater diverfity of 
Forms, than marie. Hence It is ufual for writers on 
agriculture, to enumerate, as diftinft manures, the 
feveral varieties of this general clafs of bodies. But as 
all the different kinds of marie that have hitherto been 
difeovered., may be reduced to two general claffes, viz. 
earthy marles, which are always found in fohil ftrata 
under the earth, and jhell marie, which always retains 
evident marks of its animal origin. 1 fhall confider 
.each of thefe feparately, asdiftind fubftances. 

§ 3°- 
Of Earthy or Faff'd Marie. 

The varieties of this clafs of bodies are diftinguifhed 
by names fuggefted by the appearance they aflume when 
frefh dug from their native beds. When they are 
foli^and of an uniform texture, they are called clay 
marles ; when firm and hard, ftone marles ; when 

thefe 
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thefe afTume a thin foliacious appearance, they arede* 
nominated Hate marles, and fo on. 

But whatever appearance they affurne when frefli 
dug, or by whatever name they are known, they all 
agpee in this, that if they be expofed for a fufficient 
time to the aftion of the air, they crumble into fmaller 
parts, and fertilize the earth to which they have been 
properly applied. 

The ingenious Dr. Ainflie has demonftrated, by an accurate fet of experiments recorded in the Phylical and Literary Eflays, in the third vol. of my Agricul- 
tural ElTays, That all the varieties of this clafs of 
bodies contain a confiderable proportion of clay, unit- 
ed with calcareous matter; whereas lime-ftone, if it 
does not confift of pure calcareous matter, is ufually 
united with fand in various proportions. 

The calcareous matter in marie, does not differ in any rcfpedt from that in lime-ftone, and its proportions 
in many cafes is the fame in marie as in lime-ftone ;— 
fo that the difference between the appearance and qual- 
ities of thefe two fubftances, arifes entirely from the 
nature of the heterogeneous bodies mixed with the cal- 
careous matters. 

When mark is expofed to the air, the clay, in its 
compofifion, abforbs the moifture that falls from the clouds—fwells with it—becomes foft—and, gradually 
lofing its cohefion, crumbles to pieces. If lime-ftone 
is expofed to the air, the fand in its compofition is not 
in the leaft affedled by moifture, and it retains its 
original figure and dimenfions for a great length of 
time. 

When fand is mixed with the clay that enters into 
the compofition of marie, it affumes a ftony-like ap- 
pearance, and is more or lefs firm, according to the 
quantity of fand, or other circumftances. But where 
there is clay at all in the compofition, it will be gradu- 
ally foftened by water adting upon it ; and it is owing 
to this circumllance alone, that ftone-marles fall in 
time to pieces when expofed to the air. But 
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But if marie be expofed to the a&ioii of a moderate 

fire, the clay in its compofition becomes hard—it is no 
longer capable of abforbing water, or of being affe&ed 
by it in any degree ; fo that the marie, if not of a very 
pure fort, or fuch as contains only a very fmall pror 
portion of clay mixed with the fand in its campofition, 
will beeome firmer after burning than it was before, 
and be in this {late with more difficulty reduced to pow- 
der, which is the reverfe of what happens with limer ilone. 

Marie, therefore, is fit to a£t as a manure, .without 
any other preparation than digging it from the pit., and 
fpreading it upon the ground ; whereas lime-ftone al- ways requires to be reduced to a powder, either by 
burning or otherwife, before it can be of any ufe in 
that way. 

But as lime-ftone is at once reduced into much fmal- 
ler parts by calcination than marie ever can be brought 
to at firft, a much fmaller proportion of lime may be 
equally fpread over an acre of ground, than of marie ; 
and therefore it will produce, in equal quantities, a 
much more fenfible effedt. 

§ 31, 

The difcerning reader, who attends to thefe cifcum- 
ftances, will eafily perceive the reafons for all the pe- 
culiarities of pra&ice that prevail with regard to the 
application of lime and marie, and be able, without 
embarraftinent, to judge in what cafes it may be moft 
for his profit to employ the on& or the other of thefe 
manures, when they are both within his power. 

He may afcertain the proportion of calcareous mat- 
ter contained in the marie, by the fame procefs al-- 
ready defcribed for trying lime-ftone, page 72, and thus compare the intrinfic value of the lime and marie 
in any cafe. For this is always in proportion to the 
calcareous matter contained in either. 

He will, eafily perceive,. .however, that the fame 
quantity 
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quantity of calcareous matter in the ftate of ///»*, wifi 
produce a much greater effe£t than when it is in the 
ftate of mar/e ; becaufe it is divided into infinitely 
fmaller particles, can be more equally fpread upon the 
ground, and more intimately mixed with the foil. 

Hence it univerfally happens, that a much larger 
quantity of marie is applied at one drefiing, than of 
lime. From one to two hundred cart-loads of marle'isa 
common drefiing to an acre, that is, from three thou- 
fand to fix thoufand bufhels ; wlfereas, from thirty to 
three hundred bufhels of lime is a common drefling 
for an acre of ground. 

In thefe proportions, it is reafonable to think that 
the effe&s of the marie will continue to be longer felt 
than thofe of the lime : For, as the marie is gradually 
broken into frnaller pieces every year, thefe will fuc- ceffively mix with the foil, and produce an effect nearly 
fimilar to what might be expected from an annual 
diefting of lime. 

It may likewife be expefted, that a full drefiing of 
marie, in the proportions above named, will produce 
a more capital improvement upon light fpungy gr ounds, 
than an ordinary dreffing of lime ;—becaufe, indepen- 
dent of the calcareous matter, the large proportion of 
clay applied in this manner, may produce fome altera- 
tion on the quality of the foil. This alteration, how- 
ever, will be different, according to the nature of the 
extraneous matter contained in the marie. 

But as all marles contain clay, it is natural to think 
that clay lands will not be benefitted at all by this eir- 
cumftance, as in thefe cafes the calcareous matter 
alone in the marie will be to fuch foils an ufeful addi- 
tion. Hence light land will be in general more highly 
•benefitted by this manure than clay land, which has 
given rife to the following vulgar rhyme-: 

He that marles fand. Will foon buy land ; But he that marles clay, •Throws all away, * The 
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The truth, however, is, that clay is as highly bene- 

fitted by the calcareous matter in marie, as fand is ; fo 
that a rich marie will be nearly equally beneficial in ■both cafes. But there are fome kinds of clays that are 
very free from any mixture of fand, and affume the ap- 
pearance of marie ; and are fo called, although they 
hardly contain almoft any calcareous matter at all. 
Thefe may perhaps, on fome occafions, be an ufeful 
addition to light foils, and worth the expenfe of carry- 
ing to them when near, but could fcarcely be of any 
ufe at all upon clayey foils. It has probably been 
fome poor kind of marie of this fort that has given 
tfife to the proverb above quoted, 

§ 32* 
I ftiall not pretend to preforibe pofitive rules for 

determining when the one or the other of thefe fub- 
flances, liriie or marie., Ought to be preferred as a ma- 
nure ; as a decifion in favour of the one or the other 
muflj in a great meafure, depend upon the fituation of 
the place where they can be both obtained ; the purity 
of either of them refpe&ively ; the price at which 

jhey may be purchafed, and the expenfe of carriage t 
all thefe circumftances may be bell afeertained by every 
individual for himfelf. 

But I may be allowed to obferve, that it argues a 
great want of knowledge of the real qualities of thefe 
fubftances, when a man prefers the one of thefe, and 
condemns the other, in all cafes. For it is mere- 
ly a matter of calculation, when the one, or when the 
other, may be moft valuable to any particular perfon. 

If the marie be tolerably rich, and can be obtained 
at little expenfe near the field in the proportions ufual- 
ly employed, it will be, in general, more advantageous 
to the poirdfor, who has a profped of enjoying his 
farm for a long time, to ufe marie in preference to 
dime. 

But when it muft be brought from a diftance, lime-, 
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in all cafes, will be cheaper, and on that account better 
than marie. 

If marie contains a great proportion of clay, it may 
be worth the expenfe of driving to a light foil on fome 
occafions, even where lime could be procured as cheap: 
But, on all occafions, if the fame quantity of calcare- 
ous matter in the {late of lime -can be obtained at the 
fame price, that will be a much more beneficial ma- 
nure for clayey foils than marie. Impure marie is in- 
deed feldom worth the expenfe of carting on a clayey 
foil. 

Some readers will be much difiatisfied at reading 
this fhort account of the nature of marie, and its oper- 
ation as a manure. For as they have been accuftomed 
to look upon this manure as pofieffing fome very An- 
gular qualities peculiar to itfelf, and to think that it 
differed from lime in fome very efl'ential refpe&s, and 
would produce effe&s upon the foil nowife fimilar to 
that which would be produced by lime in any cafe ; 
they will feel a kind of uneafinefs at being obliged to 
flrike this one off their lift of diftin£t and feparate ma- 
nures. But it is the bufinels of true philofophy to 
eradicate that fpirit for myfterious credulity, which is 
fo apt to lull the reafoning faculty afleep, and make 
the mind reft fatisfied with the contemplation of ideal 
phantoms created by the fancy, inftead of real objects 
of ufeful knowledge. 

§ 33- 
Of Shell Marie. 

Shell marie is always found in low places, that 
either are, or have been covered with water. It is a 
whitifh powder, that has been formed by the gradual 
decompofition of {hells, in the courfe of many ages. 
It is, therefore, a pure calcareous matter, without any 
other mixture than the mud and other fediments, that 
may have funk to the bottom of the water, in ponds where it has been formed. As 
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As the proportion of fediment that may have mixed 

'with the (hells, may be very different in different fitiia- 
tions ; this kind of marie, like all others, may be more 
or lefs pure, and, of confequence, of greater or fmaller 
value to the farmer. Its purity may be determined by 
the mode prefcribed, page 72, and its value thus afcer- 
tainedwith precifion. 

It is ufually a light, fpung'y fubftance* very (lightly 
coherent ; and contains more calcareous matter in 
proportion to its weight, than the common forts of 
lime.. And as it admits of being fpread as equally as 
lime, it may in general be carried with profit as far as 
lime. 

But as it is more fpungy than lime, perhaps a’fmaller 
quantity will fill the meafure ; on which account, the 
prime cofl of the fame quantity of marie ought to be a 
little below th^t of lime, to be equally profitable to the 
falrner. 

Shell marie, however, cannot be carried fo far with 
profit as (hell lime of the beft fort ; as this laft, in that 
(late, wants a great proportion of its moifture, air, &c. 
which greatly diminifhes its weight. 

It is, neverthelefs, a very great treafure to thofe 
who can difcover it, as it is almoft in all cafes of equal 
value with lime, produces the fame effedt upon the 
foil, admits of being equally eafily fpread, and can for 
the moft part be obtained, upon the fpot, at a much 
fmaller expenfe. 

But, in iituations where fuel is fcarce and dear, it is 
of much greater value than the beft Ume-ftone, and 
ought to be prized accordingly by every pofteffor of 
ground : nor ought any one, in fuch a fituation, to 
omit fearching diligently every place where there is 
•the fmallett probability of finding it. 
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§ 
Of Shelly Sand. 

On many parts of the fea-coaft, great beds of fhells 
-are to be found, which have been broken into fuch 
fmali parts as to aflume the appearance of fand. This 
is a rich and valuable manure, that deferves to be high- 
ly prized by thofe who are within reach of it ; but, it is too often negle&ed and unobferved, as this kind of 
fand has, on many occafions, very much the appear- 
ance of ordinary fand. 

This may readily be difcovered, by pouring a little 
aqua-fortis, or any other mineral acid,* upon the fand 
you wifli to examine. If it contains ftiells, an effer- 
vefcence will enfue ; and the proportion of calcareous 
matter contained in any fort of fand, may be afcer- 
tained by the fame procefs already fo often referred to, 
p. 72. Nor ought this trial ever to be omitted before 
the fand is employed as a manurebecaufe, a very 
fmall proportion of (hells will make it effervefce vio- 
lently, fo that the degree of effervefcence is no proof 
of its purity, and becaufe the proportion of (hells va- 
ries in all poffible degrees. 

If the (hells are broken into very fmall fragments, and if the proportion of fand be inconfiderable, it will 
be nearly as valuable as lime, and may be driven to a 
.great diftance with profit. If the proportion of ordi- 

nary 
* Many perfons make this trial with vinegar, inftead of the mineral acids ; but this ought never to be done, as it often .happens, that vinegar makes no fenfible effervefcence with calcareous fubftances. I would, therefore, advife every coun- try gentleman, to keep a phial of aqua-fortis, or muriatic acid, always by him, for making trials of calcareous fubftances; the expenfe is next to nothing ; and 1 am purfuaded, trom the want of it alone, many perfons have failed to make dif- coveries of calcareous matters that might have been of high importance to themfelves and families. 
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nary fand be very great, the expenfe in ufing it will be 
greater, as the quantity muft be confiderably increafed. 

But as it may, for the moft part, be procured at little 
expenfe, thofe who are pofl'efled of it, are ufually able 
to employ it in great quantities ; in which cafe, it 
will produce amazing effefts,. efpecially upon ftrong 
clay-land. 

A much fmaller quantity of calcareous matter in' 
this ftate, will produce a more fenfible efFeft, than 
when it is in any fort of earthy marie ; becaufe it act- 
mits of being more equally fpread upon the ground,, 
and more intimately mixed with the foil. Thofe,, therefore, who are upon the fea-coaft, ought to fearch. 
for it with care, as they will ufually obtain an invalua- 
ble treafure when they difcover it. 

This fort of fand is much more common on the eaft 
coaft of Scotland, than is ufually imagined. All along 
the coaft of Fife, efpecially about St. Andrew’s, the 
fand upon the ftiore is richly impregnated with Ihells ; 
—but, it has never there been employed as a manure. 
On the north coaft of Aberdeenfhire, fhelly fand a- bounds, and has been of late employed as a manure, 
with the greateft fuccefs, by a gentleman diftinguilhed 
fqr his knowledge and public fpirit in that corner. It 
is likewife found in Banff-ftiire, where it has been ap- 
plied with the higheft fuccefs. And all along the coaft 
of Southerland and Caithnefs, the fands upon the ftiore 
confift almoft entirely of Ihells. 

Thefe are treafures which will enrich pofterity, al- 
though they are at prefent, in a great meafure neglect- 
ed. I mention them here, to induce my countrymen 
not to negleCt a treafure of fuch ineftimable value. 
But on the weft coafts of Scotland, and among the ifl- 
ands, ftielly-fand much more abounds, and its effeCts 
as a manure, are much more generally known than on 
the eaft coaft, fo that it is there univerfally employed 
as the moft efficacious manure with which they are 
acquainted. Its effeCts upon fame of their h 
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mofly foils, appears to be, in fome cafes, little fliort of 
enchantment. 

The ingenious Mr. Craik, in Dumfriesfliire, fo well 
known for his judicious improvements in the drill 
hufbandry, has, I am told, employed this manure for 
a longer time, and in greater quantities, than any 
other perfon in Scotland, and has been highly benefitted 
by it. I wifh to produce fuch a refpe&able authority, | 
with a view to induce others to follow his example. 

§35* 
Mr. Arthur Young, in one of his Tours, mentions 

a bed of {hells near Colchefter, in EtTex, which the 
inhabitants diftinguifh by the name of Cragg, and em- 
ploy as a manure, with great fuccefs. From his ac- i 
count of this fubftance, it would feem doubtful, whe- 1 

ther it was a real calcareous matter or not. But he only tried it with vinegar, an acid too weak to produce 
any fenfible effedt on many forts of calcareous matters, : 

in certain circumitances. There is little room to 
doubt, but that, with a mineral acid, the effervefcence , 
wopld have been fufficiently violent. 

§ 36* 
In fome places, there are found large beds of oyfter- 1 

{hells, altnod entire. Thefe are fo large as to re- 
quire to be broken into fmaller fragments, before they 1 
can be profitably employed as a manure.—And as I 
thefe may be eafily calcined, they ought always to be 
reduced to the ftate of lime before they are ufed. Who- |j 
ever finds a bed of thefe {hells, finds a lime-quarry of 
the molt valuable fort, and ought to value it accord- 
ingly. 

It may be fometimes neceflary to burn flielly fand ' 
into lime ; and this may, on extraordinary emergen- 
cies, be pradlifed, although it is rather a troublefome I 
operation : For, as the incoherent fand always mixes, j 
with the fuel, and extinguifties the fire when in its na- 

tive 
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five ftate, it becomes neceffary to reduce it firft to fome 
degree of confiftency.—This may be effected by knead- 
ing the fand with a little clay, and moulding it into the 
form of bricks ; which, when dried, will retain their 
form fo long as to permit the fire to aft upon the (hells, and burn them to lime, which may be afterwards flaked 
and ufed. A manufafture of this kind was for fome 
time carried on at the Duke of Bridgewater’s great 
works, near Warrington, in Lancaflvire, as I am told, 
under the direftion of the ingenious Mr. Brindley. 

In fituations where lime-flone cannot poflibly be 
had, and where the carriage of lime would be extremely 
expenfive, it may fometimes be advifable to burn 

| fome of this fhelly fand into lime, for the purpofe of 
building ;*—but if the lime is to be employed as a 
manure, it is a very idle and a ufelefs procefs : For, 
the burning, in this cafe, can only be of ufe in divid 

» ing the calcareous matter into fmall parts, which has 
already been performed by Nature, when the (hells 
were reduced to the (late of fine fand. 

§ 37- 
Of Lime-Stone- Gravel. 

This is a manure little known in Britain, although 
it is common in many parts of Ireland. It is a hard 
fort of marie, that afiiimes the appearance of fmall (tones, or gravel, which, when fpread upon the ground, 
and mixed with it, gradually falls into fmaller pieces, 
and fertilizes the foil in proportion as it breaks down 
and mixes with it. 

i After what has already occurred, little needs be faid 
as to the qualities or mode of applying this manure. 

K The 
* The fmall quantity of clay that is introduced in this way, will not fenfibly injure the power of the lime as a , cement i for,before the (hells can be fufficiently calcined, the clay will be burnt to fuch a degree, as to render it impervious to moiflure, like fand. 
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The reader will eafily be able to perceive, that if the 
pieces of which this gravel eonfifts are large, and dif- 
iolve but flowly, the quantity applied at one drefling 
ought to be great, and the effeds will be flow and 
lading ;—and, if thd gravel is fmall, it will require a 
fmaller quantity, will operate more quickly, and laft ; 
for a (horter time, like all other calcareous fubftances | 

the fame circUmftances. 
Thefe are all the varieties of calcareous matter that 

I have ever known to be ufed as a manure. They are 
all extremely ufeful in proper circumftances—perhaps 
equally fo, if thefe circumftances are duly attended to. 
To aflift the farmer ftill farther, the following general 
.Aphorifms relating to the application of calcareous 
matters, as a manure, may be of ufe : 

§ 38- 
APHORISM I. 

There feems to be only one kind of calcareous matter; and j all the varieties of calcareous fubdances that we meet with, ■ are entirely occationed by a diverfity in the nature of the ex- traneous bodies with which the calcareous matter is united, jj or a difference in the form it may appear in at the time. 

Confidered as a manure, thefe extraneous matters 
may be more or lefs beneficial, according to particular | 
circumftances relating to the foil, See. In all the 
foftil calcareous concretions, clay or fand feem to be jj; 
the only extraneous matters worth attending to, neither jj: 
of which can ever be of great confequence as a ma- 
nure, although they may be more or lefs proper for j 
different foils. In thofe calcareous fubftances that be- | 
long to the animal kingdom, the flefhy parts of the jL 
animals may be fometimes united with the calcareous, i 
■which will greatly promote their effeds as a manure I 
on every fort of foil whatever. This does not, how- :• 
ever, feem to be the cafe, either with fliell-maile, or j: 
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fine flielly fand ; as, in both thefe cafes, the animals 
which once inhabited thefe (hells, have been fo long 
dead that no part of the fleftiy fubftance can remain. 
But the recent ihells obtained from filhing towns, 
operate much more powerfully as an animal manure, 
than as a calcareous matter, when firfl: applied. 

It is not impofiible but that man may in time fall 
upon fome contrivance for obtaining this animal cal- 
careous manure in much greater abundance and per- 
fe&ion than it has hitherto been obtained. There is 
a fmall fpecies of frelh water wilky—which increafes 
f o faft, as, in a furprifmgly (hort time, to fill a con- 
fiderable fpace with fotid wilks, if a few of them have 
been placed in a proper receptacle for that purpcfc, 
and water duly adminiftered to them. If then ponds 
were prepared for this purpofe, and properly (locked 
with this animal, and if they w ere allowed to incrcafe 
till a bed of them, of confiderable thickhefs, was ac- 
cumulated, might they not then be taken out in abun- 
dance to be employed as a manure ? Thefe, if bruiled 
under a (tone like a tanner’s wheel, to reduce the 
fhells to fmall fragments, would certainly form as 
rich and efficacious a manure as could poliibly be de- 
vifed : nor could there be any difficulty in difpoling the 
ponds in fuch a manner as to afford a conftant annual 
fupply. 

It has probably been by a natural procefs fimilar 
to this, that all thofe beds of (hell-marle we now meet 
with, have been originally produced. This fpecies of 
marie is generally found to confift of the fhells of this 
fort of fmall wilk, more or lefs decompofed. The 
animals which inhabited thefe. (hells, have been once 
nouriffied by the water contained in thofe hollow 
places where this fort of marie is always found, and 
have probably been entirely deftroyed by fome ac- 
cidental drought, which deprived them of the water 
neceffary for their exiflence, or tQ fome other dif- 
aftrous cifcumftance that it is impoffible for us now to 
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point out ; and the fhells remaining behind, gradually 
mouldered down to the ftate in which we now find them. 

§ 39- 
APHORISM If. 

The fame quantity of calcareous matter, will, in all cafes, operate equally powerful on foils of a (imilar quality, when in a fimilar (late. But thefe effeiitsmay be accelerated or re- tarded,-^-be more uniform or unequal, according as the cal- careous matter is more or lefs perfectly divided when it is firft applied to the foil. 
*##*#### 

If the calcareous matter be divided into very fmall 
Panicles, fo as to admit of being equally fpread over a very large furface, a fonall quantity of it will pro- 
duce a much more fenfible effedf, than if the fame quantity of calcareous matter had been applied in large 
lumps, which could, in that cafe, have operated only 
upon a very few particles of the foil:—Therefore,//we, 
fineJheJIy /and, or /hell marie, if equally pure, may be 
applied, with profit, in much fmaller quantities than 
any other clafs of calcareous manures. 

Hence alfo it follows, that if equal quantities of 
calcareous matter are employed as a manure, that 
kind which admits of being moft minutely divided, 
will produce the greateft effedl at the beginning ; be- 
caufe the feparate particles will be at liberty to ad on 
a much greater number of particles of the foil at 
once, than when it is lefs perfedly divided. 

But if a fufficient quantity of calcareous matter has 
been applied, when in pretty large rnafles, fo as to 
cover the ground pretty equally ; and if thefe lumps 
continue to diflblve in the foil in all after-periods, the 
effed of this drelling will be much longer perceived, 
than that of a dreffing of calcareous matter in fine 
powder, that Ihould produce at firft an effed equal to 
this.—Perhaps, in this cafe, the virtue of every par- 
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ticle of the calcareous matter will come, in time, to 
produce a full effedf upon the foil, and benefit it nearly 
as much as an equal quantity of very finely powdered 
calcareous matter would have done, applied at dif- 
ferent times. Stone and clay marks, therefore, are 
equally efficacious manures as powdered lime, although 
more flow in their operation. 

But as lime that has been fuffered to run into folid 
cakes before it is applied to the foil, can neither be 
properly fpread upon it, nor has any chance of being 
diflblved by the a£tion of the air afterwards, it never 
can be made to produce its full influence on the foil ; 
and therefore this mode of applying calcareous matter 
is the moft uneconomkal that could ever be pra6ti(ed. 

§ 40- 
APHORISM HI. 

Calcareous matter, alone, is not capable of rearing plants -to perfection : mould is neceflary to be mixed with it, in certain . proportions before it can form a proper foil. It remains, however, to be determined, what is the due proportion of thefe ingredients for forming a proper foil. 
#. #. 

We know, that neither chalk, nor marie, nor lime, . 
can be made to nourifli plants alone ; and foils are 
fometimes found, that naturally abound with the two 
firfl: of thefe to a faulty degree. But the proportion of 
calcareous matter in thefe is fo much larger than could 
ever be produced by art, where the foil was naturally 
deftitute of thefe fubftances, that there feems to be no 
ganger of erring on that fide. Probably, it would be 
fhuch eafier to correct the defe&s of thofe foils in which 
calcareous matters fuperabound, by driving earth upon 
them as a manure, than is generally imagined, as a 
very fmall proportion of it fometimes affords a very 
perfeCt foil. I fhall illuflrate my meaning by a few . 
examples. . 

K.2 ' ' ' Near r 
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Near Sandfide, in the county of Caithnefs, there rs 

a pretty extenfive plain on the fea-coa(t, endowed with 
a moft Angular degree of fertility. In all feafons, it 
produces a mofl luxuriant herbage, although it never 
got any manure fince the creation, and has been for 
time immemorial fubjeded to the following courfe of 
crops : 

iy?, Bear, after once ploughing from grafs, ufually a 
good crop. 

7.d, Bear after once ploughing, a better crop than 
the firlt. 

3</, Bear after once ploughing, a crop equal to the 
firit. 

4/A, yhy and 6//j, Natural grafs,, as clofe and rich 
as could be imagined,—might be cut if the poflelTor 
fo inclined, and would yield an extraordinary crop of 
hay each year. After this, the fame courfe of cropping is renewed. 
The foil that admits of this lingular mode of farming, 
appears to be a pure incoherent fand, deflitute of the 
fmalleft particle of vegetable mould ;—but, upon ex- 
amination, it is found to confift almoft entirely of brok- 
en (hells: the line mouldhere, bears fuch a fmall pro- 
portion to the calcareous matter, as to be fcarcely per- 
ceptible, and yet it forms the molt fertile foil that ever 
j yet met with. 

I have feen many other links ('downs) upon the fea 
fliofe, which produced the moll luxuriant herbage, and 
the clofed and fweetell pile of grafs,, where they con- 
fided of fhelly fond, which, without doubt, derive their 
extraordinary fertility from that caufe. 

A very remarkable plain is found in the I (land 'of <Tir-eys or Tyre-ty, one of the Hebrides.—It has long 
been employed as a common, fo that it has never 
been ditturbed by the plough ; and affords annually 
the moil luxuriant crop of herbage, confiding of white 
clover, and other valuable padure-graffes, that can be 
met with any where.—The foil confiils of a very pure Ihelly 
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ftielly fand. And the fineft crop of bear, without ex- 
ception, I ever faw grow out of the earth, I found in 
the ifland of Barra, one of the Hebrides, growing 
upon a bed of fheli-fand, in which, I could not per- 
ceive the fmalleft particle of earth. 1 do fuppofe, 
that the produce would have exceeded that of the beft 
crop of barley I ever faw, by two quarters, at leall, 
per acre.—It had been manured with fea ware. 

From thefe examples, I think it is evident, that a 
very fmal! proportion of vegetable mould, is fufficieat 
to render calcareous matter a very rich foil. Perhaps, 
however, a larger proportion may be neceflary when 
it is mixed with clay, than with fand ; as poor chalky 
foils feem to be of the nature of that compofition. 

At any rate, however, from thefe examples, as well 
as from thofe that have occurred in the preceding parts 
of this ElFay, I think we may be fufficiently authorifed 
to conclude, that there is no danger of ever applying 
calcareous fubftances to any foil in an over-propor- 
tion, if that foil was not originally impregnated with fome kind of calcareous matters, and if it {hall be af- 
terwards cropped in a judicious manner. 

§ 4* • 
APHORISM IV. 

Calcareous matters aft as powerfully upon land that is nat- urally poor, as upon land that is more richly impregnated with thofe fubitances which tend to produce a luxuriant veg- etation. 
******** 

Writers on agriculture have been long in the cuftom 
of dividing manures into t wo claflfes, viz. enriching mz- »ures, or thofe that tended diredly to render the foil 
more prolific, however {lerile it maybe,—among the 
foremoft of which was reckoned dung%—and exciting 
manures, or thofe that were fuppofed to have a ten- 
dency to render the foil more prolific, merely by a£l- 
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ing upon thofe enriching manures that had been for- 
merly in the foil, and giving them a new ftimulus, foas 
to enable them to operate anew upon that foil which 
they had formerly fertilized. In which clafs of 
ftimulating manures,was always allowed to hold 
the foremoft rank. 

In confequence of this theory, it would follow, that 
lime could only be of ufe as a manure when applied to 
rich foils, and, when applied to poor foils, would pro- 
duce hardly any,—or even perhaps hurtful effedts. 

I will frankly acknowledge, that I myfelf, was fo 
far impofed upon by the beauty of this theory, as to be 
hurried along with the general current of mankind, 
in the firm perfuafion of the truth of this obfervation, 
and for many years did not fufficiently advert to thofe 
fads that were daily occurring to contradid this theory. 
I am now, however, firmly convinced, from repeated 
obfervations, that lime and other calcareous manures, 
produce a much greater proportional improvement upon 
poor foils, than on fuch as are richer : And that lime 
alone, upon a poor foil, will, in many cafes, produce a 
much greater and more lafting degree of fertility, than 
dung alone. 

In dired contradidion to the theory, I mu ft add, 
that I never yet met with a poor foil in its natural 
(late, which was not benefitted in a very great degree 
by calcareous matters, when adminiftered in proper 
quantities. But I have met with feveral rich foils, 
that were fully impregnated with dung, and therefore 
exadly in that ftate in which the theory fuppofes that 
lime would produce the greateft effed ; but, upon 
•which, lime, applied in any quantities, produced not 
the fmalleft fenfible effed. 

As I concern myfelf little about theories, this dif- 
covery gave me much lefs uneafinefs than it will give to 
fome of my readers ; on which account, 1 fliall not be 
much furprifed, if they withhold their affent to this 
iwopofition for a very long time. I do not delire any one 
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one to agree to it, till their own obfervations extort af- 
fent,—-which, I have no hefitation in faying, will 
fooner or later happen to every unprejudiced and at* 
tentive obferver. 

§ 42- 
I lhall conclude this very long Eflay with a caution* 

ary advice, that might, perhaps, have been more prop- 
erly introduced before, if it had occurred at the time ; 
but it is of too much importance to be omitted entirely. 
It is this : 

When farmers employ a great deal of lime, it fome- 
times happens that their horfes’ feet are burnt by it, 

• which is extremely troublefome, and fometimes proves 
even fatal to the poor animals* ; a method of prevent- 
ing or remedying that inconvenience will therefore be 

> of ufe. 
The beft method of preventing any inconvenience of 

this fort, is to fpread the lime, when in its powdery 
t flate, upon the field, as evenly as poffible, and allow it 
t to lie in that (late for fome time, before you begin to 

plough it. If the lime has been in fine powder, it will 
have become perfedfly ejf'e/te in a week or fa ; after 

C which time it will be as little corrofive as any kind of 
3 common earth, fo that the horfes may work among it 
i with perfedt fafety. But if it has been fuffered to run 
i into clods before it was fpread, thefe, if not broken 
1 fmall, will be longer in abforbing their air, and, of 
Iconfequence, will remain longer in an acrid ftate, fo 

that the ploughing may, in that cafe, be deferred for 
a week or fo longer ; nor will it be even then fo per- 
fedlly fafe as the other. But if it becomes necefiary at any time to plough in 
the lime immediately after it is fpread,—take care to 
do it only when the foil is perfedlly dry ; and in lead- 

ing 
* I have known feveral horfes actually killed by this means, and others fo difabled as never to be perfectly well after- i wards, 
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ing your horfes to the plough, take care to prevent 
them from going through any wet place, fo as to wet 
their hoofs or ankles ; for lime adts not at all upon 
any dry fubOance,—but when it is in its acrid cauftic : 
ffate, it would corrode the hair and fleflr in a moment, 
if it has accefs to water. As foon as the horfes are i 
unyoked, keep their feet dry till you have got them 
carefully brufhed, fo as to wipe away all the dry pow- 
dery lime that may adhere to them ; and if the leaft 
fhower thould fall, unyoke your horfes immediately 
and carry them off the field. 

YVith thefe precautions, they may work among 
cauftic lime for any length of time, without receiving 
any damage. 

But in cafe of any accident, by which a horfe or ; man that is working among lime fhould be fcalded by 
it, it is always advilable for every farmer who has 
work of that kind going forward, to keep a tub of j 
very four milk or whey in fome place ready to wa(h 
the part affedfed well with it, which will quickly def- 
troy the poignancy of the lime, and prevent the mif- '! 
chief that would otherwife arife from it. The foiwer 
the milk or whey is, the better it will be for this pair- ‘j 
pofe ; it ought therefore to be long kept. For want 
of this, vinegar will produce the fame effedt, or very 1 

ftale urine will be of ufe ; but, the milk or whey is ■■ 
the cheapeft and beft remedy, and ought to be always 
in readinefs. 

POSTSCRIPT. 
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POSTSCRIPT. 
DlrcSlions for afcertaining the purity of Lime, and difcov- 

ering the Nature of the Bodies that may be mixed 
zvith it. 

In the preceding EfTay, I have fuppofed that no 
other dbforbent* earth is ever mixed with the calcareous 
in any fort of lime-ftone ; becaufe, in faft, if ever any 
of thefe are mixed with the calcareous in thefe fubftan- 
ces, they are in fuch fmall proportion as not to be 

'worth regarding. Thofe, however, who want to be 
critically exadl in their analyfis of lime-ftone, may dif- 
cover if there is any other fort of abforbent earth con- 
tained in it, by dropping into the filtred folution ob- 
tained by the procefs § 13, p. 72, a few drops of a 
clear folution of volatile alkali. If no turbidnefs en- 
fue, the calcareous earth has been pure. If any pre- 
cipitation takes place on adding the alkali, drop more, 
and more, till no turbidnefs arifes : then filtre the 
whole : what remains in the filtre, is abforbent earth, 
that is not calcareous ; for acids attract volatile alkali 
moreftrongly than any of the abforbent earths, except 
the calcareous clafs alone. 

§2. 
It mayoftener happen,that a confiderableproportion 

of gypfitrn may be united with lime-ftone in the fame 
quarry; and as this fubftance would greatly alter the 
nature of the lime as a cement (fee p. 37) and would 
probably affe£t it as much as a manure, it is of more 
importance to inform the reader of the eafieft way of 
difcovering this fubftance when it is prefent in lime- 
ftone. It 

* Abforbent earths are all tbofe that unite with acids, of which there are feveral varieties; calcareous earths being one of thefe. 
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It has bsen already faid, thatg}pfum is a compound, 

Confifting of the vitriolic acid and calcareous earth \ 
and as the vitriolic acid attrafts this earth more ftrong- 
ly than any of the other acids, this compofition is not 
in the leaft affefted by either the nitrous or muriatic 
acids. 

Hence it follows, that if gypfum fliall be contained 
in any calcareous mafs examined by the procefs def- 
cribed § 13, p. 72, it will remain untouched by the 
acid, and be found in the fibre, after the calcareous 
earth dilfolved in the acid fhall have pafied through it, 
forming a part of the reftduum. 

Take this reftduumt therefore,—add to it nearly its 
weight of fixed alkali* previoufly diflblved in a con- 
fiderable quantity of water, and filtered ; digelt it in a 
warm hath, or even boil it for fome hours ; pour the 
whole into a fibre, while yet warm ; as the fluid pafles 
through the fibre, pour upon it more boiling water ; 
as that pafles off, continue to add more water, till it 
comes through the fibre quite infipid and pure, and 
then let it run off entirely. 

By this procefs, the vitriolic acid leaves the calcare- 
ous earth to unite with the fixed alkali (to which it has 
a ftronger affinity) and with it forms a vitriolated tar- 
tar :—this vitriolated tartar, and the fuperfluous alkali, 
are diflblved by the water, and carried through the fil- 
tre along with it; fo that what remains behind is the 
earthy part of the gypfum, and the heterogeneous mat- 
ters contained in the original lime-ftone. By pouring 
upon this reftduum, therefore, fome nitrous or muriatic 
acid, and treating it as direfted in § 13, page 72, the 
calcareous earth that was in the gypfum will be now 
entirely diffblved ; fo that when it is filtered and dry, 
the difference between the weight of this refduum, and 
what it formerly was, is the real weight of the gypfum 
originally contained in the lime-ftone. 

# Potafh, 



AS A MANURE. IIg 
N, B. If the alkali employed to decompofe the'^y/)- 

fum was in a mild ftate, the calcareous earth that re- 
mains will effervefce (Irongly when it is difTolving in 
the acid ; but if a cauftic alkali has been employed, the 
Tolution will be effetled without any effervefcence 
at all. 

As vitriolated tartar is not readily foluble in water, 
a confiderable quantity of water requires to be em- 
ployed, which ought always to be hot, that the folution 
may be effe&ed the more readily. 

§ 3- "* 
It has alfobeen faid, (§ 30, p. 52,} that the only ex- 

traneous matter contained in lime-ltone is fand. But 
although fand, in general does predominate fo much 
over the other extraneous matters in lime-ftone, as to 
authorife the exprelfion in generaU yet there are fome 
exceptions that ought to be taken notice of. 

\Ji, There are fome kinds of lime-ftone, that, when 
analyfed, are found to contain a rejiduum confuting of a 
foft flinty-likefubftance. This is always in very fmali 
proportions, and has probably been formed by a fedi- 
ment fubfiding from the water while the rock 'was 
forming. It feems probable, that this kind of lime 
would be lefs proper to be employed as a cement than 
as a manure. 

2</, Although marie and lime-ftone are juftly enough 
diftinguifhed in the text (§ 5 ;) yet it happens, that 
clay and fund are found naturally mixed with one 
another, in fnch various proportions, and in thefe ftafes 
joined with calcareous matter, that there is nopollibii - 
ity of afcertaining the exadf point where marie ends, 
and lime-ftone begins. 

A very fmali proportion of clay is fufficient to make 
an exceedingly hard lime-ftone relent in time in the 
air, and fall to pieces ; fo that there are many forts 

iof ftone marie that confift chiefly of fand and calcare- 
ous earth, and only a very little clay, 

x Thefe 



OF QUIQK-LIME 1X4 
Thefe very hard kinds of marie may be eafily burnt 

into lime, fo that they may be indifferently called 
marie or lime-flone. 

3^, The fame may be faid of the diftinflion be- 
tween marie and chalk (§ 5. p, 9.) Many fobftances 
which havethe appcarance_and dillinguifliingproperties 
of chalk, contain clay in different proportions. Thefe 
dilfolve in the air, or run, as it is termed, more readily 
than the pure hard kinds of chalk, and feel more unc- 
tuous or fatty to the touch ; from whence they are 
called fat chalks. Thefe, however, may be converted 
into lime ; fo that they might indifferently be called 
chalk, mark, or Ynnt-Jlone. 

The lime that is made from any of thofe fubflances 
that contain clay in their compofition, is more proper 
for manure than for cement ; efpecially that made 
from thofe fubftances that may be made to fall after 
they have undergone only a fmall degree of heat in 
calcining them, as in chalk ; becaufe, in thefe cafes, 
the clay -will not be fufficiently burnt to prevent it 
from being affe&ed by water, and rendered fofr by it. 

The proportion of clay and land contained in any 
Hme-ftone or marie, may be afeertained, by diffufing 
in water the rejiduum ohVMnzd by the analyfis, (:§ 13, 
p. 72*) allowing it to fubfide a little, and gently pour- 
ing off the fluid parts from the coarfer fediment that 
fubfides to the bottom ; for, as clay remains pmch 
longer fufpended in water than fand, it may be thus 
feparated from the fand entirely ;—when the water 
comes off clear, after having been left to fubfide a lit- 
tle, the refiduum may be evaporated to drynefs, and the 
Infs of weight it has fuftained by this operation, denotes ffle •Quantity of clay. This is rather a mechanical, than a chemical pro- 
cef?, which is called e-lutriation. § 4. 

* Obferve, it is unburnt lime-flone, or marie only, that ikould be fnbjeaed to this trial. 



AS A MANURE. US 
§ 4. 

It has been demonflrated above, § 35, p. 58, that 
the quality of lime, eonfidered as a cement, is greatly 
altered, by being more or lefs perfeftly calcined ;— 
it may therefore be, on many occafions, of ufe tothofe 
who are concerned in building, to be able to efcertain 
what proportion of any particular kind of lime is really 
reduced to a cauftic date.—This may be done asun- 
der : 

Take a known quantity of the quick-lime, per- 
fectly dry;—add to that its own weight, or more, of 
common crude fal-ammoniac,* previoufly diffolved in 
a large proportion of water, and filtered ;—digeft this 
nearly in a boiling heat for fome hours, till no more 
fmellof volatile alkali is found to arife from it, adding 
frefh water as it evaporates. When the volatile alka- 
line fmell is no longer perceived, throw the whole into 
a filtre,—let that pafs off,—add more hot water,—and 
more flill, till it come through the filtre taflelefs and 
pure;—then dry the refiduum> and weigh it ;—the 
difference between that and the weight of the original 
lime, denotes the proportion of pure cauftic lime thatr 
was contained in the original mafs. 

For, as the muriatic acid alt rails caujljc calcareous 
earth more flronglythan it does the volatile alkali, the 
acid of the fai-airunoniac,+during the prccefs, quits the 
alkali, and uijites with the lime, and the alkali is fuf- 
fered to fly off in a pungent vapour. The new fub- 
flance formed by the union of the quick-lime with the 
muriatic acid, is called liquid jhcll; and as this is 
readily foluble in water, it pafles off, together with the- 
remaining undecompofed ammoniacal fait, with the 
water through the fibre ; while the uncauftic lime, as 
it was neither capable of ailing upon the ammoniac, 
nor of being diffolved in the water, remains behind in 
its folid ftate. 

* Obferve, itis not volatile fal-ammoniac. t Crude fal-ammoniac is a compound fait, confiding of the muriatic acid and the volatile alkali. 
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Lately publifiied by J. Nancrede^ 
No. 49, Marlboro’-Street, Boston. 

“ On the title page of its Laws, as well as on its ftandards,. was w ritten the motto of, “ Havoc, and fpoil, and ruin, are my gain.” 
JUST PUB LI SHED, 

Embellijhed with an Emblematical Plate, 
THE HISTORY OF THE 

DESTRUCTION OF THE 
HELVETIC UNION 

LIBERTY; 
By J. MALLET DU PAN. 

f‘ Its fituation (Switzerland’s) is correftly and energetically drawn in the picture of Athens, left us by a writer of the middle ages, after the invafion oi'Aluric, his the empty and •bloody Jkin of an immolated viltim ! She has nothing left but Rocks, Ruins, and Demagogues !,y Preface, p. 5. pr “ I F it be true, that the American Union and Lib- erty have been and are {till threatened by France, That a number of American Citizens ftill doubt it ;—and that it is equally their wifh and their intereft, to tranfmit both to their defcendants, in all their integrity—furely there can be nothing more interefting, or more uleful for them, at this time of dan- ger, than to read the melancholy account of the annihilation of a people, who, being fituated Uke them, but more credulous*, and lefo energetic, in their exertions lor defence, fell under the combined weight of foreign and domeftic inti igue !  the moll dreadful fcourge again ft which the American Gov- ernment has had to contend, ever fince the beginning of tfae prefen t European war !” 
2. POEMS on various Subje&s, by Robert Sou- they, Author of Joan of Arc. “ It can fcarcely be neceifary for us formally to recommend this little volume to the notice of our poetical readers, and its author to their efteem. No one who po He lies a true rellfh for Poetry, wecoticeive, will open with indifference,a volume by the author of foan of Arc. Genius is a defpotic power, and ✓Treliftibly commands homage.” Monthly Review. 



Booh lately publljhed by J. Nancrede, 

JOAN OF ARC, an Epic "Poem, by Robert Southey ; with Notes. “ We do not hefitate to declare our opinion, that the poetical powers difplayed in it are of a very Juperior kind.-—Concep- tions more lofty and daring, fentiments more commanding, and language more energetic, will not ea/ily be found: nor does fcarcely any part of it fink to langour, as the glow of feelings and genius animates the whole. The language is, for the mofl part, moddledon that of Milton ; and not unfrequently, it has a flrongrelifhofShakefpeare''' Monthly Review, vol. 19, p. 301. 
' 4- JUST PUBLISHED, Price 20 Cen/r. 

AN ABRIDGMENT of L. MURRAY’S ENG- LISH GRAMMAR, With an Appendix, containing an exem- plification of the parts of fpeech and exercifes in fy ntax, de- figned for the ufe of the younger clafs of learners; -by Lini>- ley Murray. Its Character. _ _ “ Having already exprefled our approbation of Mr. Mur- ray’s Englifli Grammar, we have only, in announcing this Abridgment, to obferve, that k appears to us to be made >viEU_ great judgment, and that we do not know a performance of this kind better fitted for the ufe of Children.'” : ' Analytical Review, Oct. 1797. 
IN THE PRESS, 

And jpeedily will be pubUJhed, AN INTRODUCTION TO THE KNOWL- 
EDGE AND PRACTICE OF GARDENING, by Charles Marshall, Vicar of Brixtvorth, Northamptonfhire. “God Almighty fiiib planted a »• and indeed it is “ the pureft of human pieafures : It is the greatefb refrefii- ment to the fpirits of Man ; without which, buildings and <r palaces are but grofs handy, works.” Bacon's EJfays. Character of Marfhall’s Gardening. “ We have examined this performance, and we are well fatisfied that the refpeifable author has, as he profeffes, given to the public the refult of h\s experience t delivered with that piainnefs and perfp'rcuity, which cannot fail of rendering his work highly ufeful to every reader who fhall confult it, either for pleafure, or inftruftion. We fay with pleafure, becaufe Mr, Marfhall has not dryly written his book in the common didactic and unvaried Ryle : His manner is his own ; and he has occafiohally, but not too frequently, enlivened his prs- 



Books lately publijhed by J. Nancrtde, 
•cepts by fbort poetic quotations from Thomson, Cowpek, and other moral bards, who often, with ufeful and delightful effects,.direct their readers to “ Look through nature up to nature’s God,” 6. Monthly Review. 
THE STUDIES OF NATURE, trandated from the French of j, H. B, de St. Pierre, by H. Hunter, D. D. 3 vols. 8 vo.—fine wove paper, embellifhed with plates. This very ingenious, interejiing, and injlru£live work has, fmce-iu firjl publication,gone through fourJucceffiveimpreJJions, under the author's immediate injpetiion ; bejides a variety of pirated editions in different parts of the European continent . “ No,book dijplays a more fvhlime Theology, inculcates a purer morality,, or breathes a more ardent and expanfive philan- thropy. St. Pierre has enabled us to contemplate this univirfe with other eyes ; has furnijhed new arguments to combat atheism; has eflablifhed, beyond the power of contradidion, the do Brine of a Univerjal Providence ; has excited a warmer hiterejl infavour of Juffering humanity ; and has difcovered fources, 'unknown before, of moral and intelleHual enjoy- ment." 7. THE only Work of the kind extant in any language, which is of the greateft utility to the Merchant—the Seaman— the Student—Schools, Academies, &c.—and recommended by the Lords of the Admiralty. lately publijhed', in fu b volumes, in Zvo. Price 6 Dolls, bound. The NAVAL GAZETTEER ; ; , Or, SEAfflAN's COMPLETE GUIDE. Comprifing a full and accurate account, alphabetically ar- ranged, of the fevefai Goads of all the Countries and Jdands iii The known world, (hewing their Latitude, Longitude, Soundings, Stations for Anchorage, &c. . , With a particular defcription of the feveral BAYS, CURRENTS, OCEANS, SANDS, CAPES, GUCPHS, RACES, SHOALS, CHANNELS, HARBOURS, RIVERS, SOUNDS, COVES, HAVENS, ROADS, STRAITS, CREEKS, LAKES, ROCKS, TIDES, VA III A f ION of the COMPASS, &c. Together with a pidturefque Defcription of the form and ap- pearance at fea of the feveral Headlands, Idhmufies, Penin- fulas, Points, Promontories, &c. With ample direftions for failing into or out of the different Ports, Straits, and Harbours of the four Quarters of the Globe, and for avoiding Dangers cn .the various and extended coafls ; .in which more than 12,000 Names of Places, &c. are treated of and explained. Illudrated with 1.7 corredl Charts, including a Whole Sheet Chart of the World, on Mercator’s Projection. 

By JOHN MALHAM. Author of Navigation made Eafy and Familiar, ire. 



Hoah lately pubUJhed by J. Nancrede. 
Charafter of the NAVAL GAZETTEER. “ The Author has given Directions for avoiding Dangers, and all other information that he could called neceffary for Pilotage ; and he has carefully confulted the Difcoveries of modern Navigators. The whole bears the Mark of Dili- gence and Ability ; and we are of opinion that the Naval Gazetteer is a valuable Addition to the Seaman’s Library.” Monthly Review tor July, 1797. “ We may venture to recommend the Naval Gazetteer as an important Acquifition in the Study of maritime Affairs, and no lefs ufeful to the general Student than to the Merchant. The Charts are numerous, and diftindly deli- neated.” Critical Review for September 1798. 

#*# This Work has been found particularly improving to Youth, and is therefore a valuable and acceptable Prefent to Perfons entering on a Sea-faring Life, or learning Navigation. 
8. 

A VINDICATION OF DIVINE PROVI- DENCE, derived from a moral and philojopkical furvey of mature and of man. By the Author of Studies of Nature.— 2 vols. 8vo. with plates. 
9- . The fame work abridged, in 1 voJ, 8vo. plates. 
10. 

BOTANICAL HARMONY DELINEATED ; or. Applications of Tome general Laws of Nature to Plants ; by the Author of Studies of Nature, with three botanical plaus, elegantly engraved, 1 vol. 8vo. 
THE ADVENTURES’OF TELEMACHUS, Son of Ulyffes, by M. Salignac Fenelon. 

#*# Of Fenelon, the Monthly Reviewers Jaid inMarch, 1796, ti The annals of time do not,perhaps, contain a name more re- vered, by the befl and wijefl friends of the human race, than that of Fenelon ; and it is to be doubted, whether any prodwlioti of human genius ever was fo effectual in enlightening mankind, and in rendering them benevolent and juft, as the'beautiful philofophic poem of Telemachus. It contains a greater por- tion of political and moral wiJdom,thm, as we believe, is to be found in any preceding work.” 12. 
The fame work is to be had in Englifli, w ith the French text on the oppofite page, with corrections, in two wols. izmo. 13' Alfo in French, feparate.—For execution and ac- curacy, the above is fuperior 50 the late Englifli edition. 
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