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XX. An dAnalyfis of Two Mineral Subflances, viz. the Rowley-
rag-ftone and the Toad-ftone. By William Withering,
M. D.; commuicated by Jofeph Prieftley, LL. D. F. R §..
to Sir Jofeph Banks, Bart. P. R. S.

Read May 16, 1782.

TO SIR JOSEPH BANKS, BART. F. R. S..
DEAR SIR, Birmingham;
O&. 1, 1784,

HAVE the pleafure to. lay before you an analyfis of two.

mineral f{ubftances by Dr. wiTHERING of Birmingham,,
whofe accuracy in procefles of this kind will, I doubt not,,
give you and the members of the Royal Society great fatif~
faltion.

It may, perhaps, throw fome additional light on the fubjeét
of thefe foffils to inform you, that the Rowley-rag appears,, .
by its texture before and after fufion, and alfo-by the quantity
and quality of the air which it yields in. fufion, to be the fame:
thing with the bafaltes with which you have favoured me from.
Scotland 3 and that the Toad-ftone, treated in the fame man-
ner, appears (after the calcareous part has been diffolved out of
it) to refemble fome of the fpecies of lava, except that it yields.
much more ait.  As Dr. wITHERING has fent {pecimens of the
foffils in their natural ftate, I thought it might not be amifs to.
prefent along with them the glafy fubflances into which they:
are reduced by fufion.

I am, with the greateft refpet, &c.

J.PRIESTLEY.

4 T O

The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to 22
Philosophical Transactions of the Royal Society of London. STORS
WWW.jstor.org



FEL Dr. witHERING 02 the
U0 DR. PRIESTLEY,
&7 Birmingham
SI'K, March zf 178’z.

I NOW fend you the refults of my examination of the
Toad-frone and the Rowley-rag-ftone; being part of .a plan
which T have long fince formed for a chemical analyfis of all
‘the fubftances that are known to exift in the earth in large
quantity.

Sothe years ago T tranfinitted to the Royal Society an analyfis
.of the different marles found in Staffordfhire, which they did
me the honour to infert in their Tranfadtions; if they think
thefe papers likewife worth their .adoption, I fhall fend them
the refults of my futureinquiries.

In the courfe of experiments which ‘this {ubje&t has led  me
ito, I found it convenient-to form fome new tables, and to en-
Jarge fome thdat were lefs completely formed before. Thefe
tables will be ufeful in other branches of chemical inquiry.
‘One of them T fubjoin to the prefent papers. The fa&ts taken
from M. MACQUER are marked with an M ; thofe 'with the *
.are the confequence of .my own experiments.

In order to fave much repetition in future, it may not be
‘amifs to mention, ‘once for all, a few particulars in the conduét
.of thefe procefies.

1ft, By water, 1is dlways meant water diftilled in glafs vef-
fels, or by means .of a large tin refrigeratery in Mr. IRWIN’Ss
‘method. |

2dly, Only glafs .or china veflels are ufed in ‘the liquid
;procefles.

3dly, By a mortar I mean thofe excellent -ones made by

Mr. wEDGEWOOD ; or, as will be fpecified at the time, a fteel
mortar
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mortar tempered fo hard that it will bear the grinding of ena-
mel in it without difcolouration.

4thly, Filtres are never employed, it being found impoffible
to get the quantities accurate where they are ufed. The pow-
dery parts are allowed to fubfide until the fupernatant liquor
becomes clear. ‘This {fometimes requires days or weeks; but I
am ignorant of a better method. By giving the veflels a cir-
cular motion round their axes, I can greatly facilitate the fub-
fiding of the folid contents. If the {eparating veflels are made
like a common tart-dith, with a {preading border, the liquors
may be poured off very near, without difturbing the fediments.

sthly, Phlogifticated alkaly means the vegetable fixed alkaly
prepared by the deflagration of nitre and cryftals of tartar dif-
folved in water, and boiled with Pruflian blue in fuch quantity
that it will not any longer precipitate an earth from an acid.

I remain, &c.

W. WITHERING.

ROWLEY-RAG

THE ftone which is the fubje& of the following expe-
riments forms a range of hills in the fouthern part of
Staffordthire. ‘The lime-ftone rocks at Dudley bed up againft
it, and the coal comes up to the furface againft the lime-ftone.
The higheft part of the hills is near the village of Rowley.
The fummit has a craggy, broken appearance, and the fields
on each fide to a confiderable diftance are {cattered over with
large fragments of the rock, many of which are funk in the
ground. Ina quarry near Dudley, where a pretty large open-

VOLo LXXII. X X lng
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ing has been made in: order to get materials for mending the-
roads, the rock appears to be compofed of mafles of irregular
rhomboidal figures :- fome of thefe mafles inclofe rounded peb-
bles of the {ame materials., At the diftance of four, five, or
fix miles from the hills, as at Bilfton, Willenhall, and Wed-~
nefbury, the Rag-ftone is- frequently found fome fect below
the furface in rhomboidal pieces, forming an horizontal bed
of no great depth, and feldom of more than a few yards ex-
tent. Over the whole of this tral of: country it is ufed to
mend the roads, and lately has been-carried to Birmingham to

pave the ftreets. Some people fell it in powder, as a fubftitute

for emery in cutting and polithing.

MORE OBVIOUS PROPERTIES.

Its appearance dark grey, with numerous minute fhining:
cryftals.  'When expofed 'to the weather gets an ochry colour
on the outfide;. firikes fire with fteel; cuts glafs; melts,
though not eafily, under the blow-pipe. Heated in.an open
fire becomes magnetic, and lofes about 3 in 100 of its weight.

EXPERIMENTS

A.. After three drams had been broken to fmall pieces with
hard fteel hammer, upon a plate of the fame metal, it was
ground to an impalpable powder in one of Mr. WEDGEWO0O0D’S
China mortars. ‘The mortar,. which had been previoufly
weighed, loft only one-third of a gx:aixl weight during this
operation.

B. This powder was repeatedly wathed with pure water, o

as to carry off all the finer parts, and the coarfer ground again,
until
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wntil the whole was wathed away. The wathings were then
filtered, and the powder carefully colle@ted and dried. The
water émployed in the wathings did not appear to have diffolved
any part-of the ftone; for no precipitate was formed either
upon the addition of mild fixed alkaly, or of filver diffolved in
the nitrous acid.

C. 100 parts of this powder were put into a {fmall mattrafs,
and covered with marine acid: a degree of heat was excited,
and a very flight effervefcence took place. Water was then
added, and the mixture kept boiling for half an hour. The
liquor was decanted off, and more acid added, which was boiled
as before. ‘'This was decanted, and the refiduum wathed with
water until the water came off taftelefs. Thefe waters were
added to the liquors before decanted. The powder had now,
an ath-coloured appearance, and when dried weighed 8o%.

To the liquors (C) phlogifticated fixed alkaly was added,
until no more Pruffian blue was precipitated. To effe&t this
it took one ounce, five drams, and twelve grains of the phlo-
gifticated alkaly. The precipitate, when wathed and dried,
weighed 47.

E. The powder of 80} (C) mixed with twice its weight of
foflile fixed alkaly, was put into a black lead crucible, and ex-
pofed to a red-heat for two hours. The heat was never fuffi-
cient to render the mafs fluid, nor to make it adhere firmly to
the crucible. ‘The faline part was then wathed away by re-
peated effufions of hot water. To the remaining powder
marine acid was added repeatedly, and boiled as before. The
powder was now perfe&ly edulcorated by hot water, and when
dry weighed 47

The above llquors were all added to the liquor (C), and phlo-
gifticated fixed alkaly was dropped in, until no more Pruffian

X x 2 blue



342 Dr. WITHERING on the

blue was precipitated. 'To effett this, half an ounce of the
alkaly was required. 'This precipitate weighed 19 ; fo that
the whole of the Pruffian blue weighed 66. After calcination
w a crucible it was reduced to 313, and was then wholly
attralted by a magnet.

F. Mild fixed alkaly was now gradually added to the liquors
after the {eparation of the Pruffian blue, and a white powder
was precipitated.  This powder, when well wathed and dried,
weighed 463. After being expofed to a low red-heat for ten
minutes, it weighed only 32%.

G. The edulcorated powder (E) was now perfectly white ;
was not acted upon either by the vitriolic, nitrous, or marine
acids, but readily melted into a glafs with foffile fixed alkaly ;
during the melting an effervefcence took place.

H. The white powder (F) readily diffolved in diluted vitriolic
acid, and under a flow evaporation formed cryftals which had
the appearance and the tafte of allum.

Thefe cryftals were then reduced to powder, and boiled in
alcohol. The alcohol was decanted off, but did not appear to
bhave diffolved any part of the powder; nor did it afford any
precipitate upon the addition of mild fixed alkaly.

CONCLUSIONS.

From thefe experiments it appears, that the Rowley-rag-
ftone confifts of filiceous earth, clay, or earth of allum, and
calx of iron. From the latter muft be deduéted 11% for the
quantity of calciform iron, found by experiment to be con-
tained in the quantity of phlogifticated alkaly made ufe of,
and then the proportions in 100 parts of the flone will be

thefe :
4 Pure
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Pure filiceous earth - 47%

Pure clay, free from fixableair 323

Iron in a calciform ftate - 20
100

e st

From this view of the component parts of this ftone, it is
not improbable, that it might advantageoufly be ufed as a flux
for calcareous iron ores. The makers of iron are acquainted
with fuch ores; but never could work them to advantage, for
want of a cheap and efficacious flux.

TOAD-ST ON E

FROM Derbythire; fent to me by Mr. wHITEHURST, who-
has fo fully and fo accurately defcribed the mode of its firatifi--
cation, thatit is needlefs to enlarge upon that fubje&.

MORE OBVIOUS PROPERTIES..

Of a dark brownith grey, a granulated texture ;- with feverak’
cavities filled with cryftallized fpar. It does not firike fire:
with fteel. It melts to a black glafs.

EXPERIMENTS:

A. 100 parts rubbed to an extremely fine powder in a china
mortar, and boiled in marine acid; the folution was decanted :
the undiffolved part, after proper wathing and drying, weighed

71.
B. The
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- B. The undifiolved part was rubbed with twice its weiglt
of mild foffil alkaly, and then expofed to a red heat in a black
lead crucible for one hour.

C. This mixed mafs was reduced to powder, and repeatedly
hoiled, firft in marine, afterwards in {trong vitriolic acid : the
refiduum now weighed 56, and was per feCtly whites

D. The hquors of exp. A. and C. being put all together,
phlogifticated fixed alkaly was added until no further precipi-

tation enfued.: This pret:ipimte was a Pruffian blue, which,
when wathed and dried, wc1ghed 56.5..

After expofure to a red-heat ‘in a crucible for forty minutes,
it weighed only 29, and was wholly attracted by the magnet.

Now the 2 oz. §-dr.-and -32 -gr. of phlogifticated fixed
-alkaly ufed in this experiment contain 13 gr. of calciform iron,
as afcertained by a feparate trial ; therefore, deducting 13 from
29, we have 16 for .the quantity of calciform iron obtained
from the ftone.

E. The earthy parts were next precipitated from the liquors
by the addition of mild foffil alkaly. The precipitate, when
perfectly edulcorated and dried, weighed 292,

F. Diftilled vinegar was added to this powder, and f{uffered
‘to ftand in a cool place for four hours; the vinegar was poured
off, and the refiduum repeatedly wathed with pure water. ‘To
thefe liquors mild fixed alkaly was added, and a white precipi-
‘tate fubfided, which, when wafthed and dried, weighed 7 ¢,

G. To the refiduum (F) dilute vitriolic acid was added: a
folution took place, which folution, by evaporation and cry-
Aallization, yielded allum.

H. The part of the refiduum (F) undiffolved by the vitriolic
-acid was boiled in nitrous acid, in marine acid, and in aqua
regia, without being diminifthed ; the weight of it when dried

was
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was 7 5. It could not be fufed by the greater heat of ‘a blow-
pipe, but melted into a glafs when mixed with calcareous
earth.

I. The undiffolved part (exp. C.) was not fufible by itfelf;
nor was it a&ed on by vitriolic, nitrous, or marine acid. It
melted into a glafs with foffil alkaly.

K. The precipitate of 7.5 (exp. F.) after a fufficient expo-
fure to heat was put into an ounce of water : the next morning
the water had a pellicle upon its furface, and tafted like lime-
water., -

CONCLUSIONS

Hence it appears, -that 100 parts of this {pecimen of Toad~
ftone contained

C. Siliceous earth - - ~ 56 s

H. More ditto - - - 7.‘5?} 3ve

D. Calciform iron - - - 16

F. K. Calcareous earth - - - y

G. H. Earth of allum . - - - 142
1015

From the addition of 1.%; of weight it is probable, that the
fubftances capable of uniting with fixable air were not in the
{pecimen ufed fully faturated with it, as they would be after
their precipitation by the mild alkaly.

Upon repeating thefe experiments with different portions of
the Toad-ftone, the quantities of the calcarcous carth were
found to differ a little’; but nothing further appeared to mvali-

date the general conclufions.. -
2 A Table
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