
ART. III.—On the Manufacture of Iron at Leighton Furnace 
in Yealand Redman. By JOHN RAWLINSON FORD. 

Read at Carlisle, April 18th, 1907. 

FROM time to time papers have appeared in the 
 Transactions on the subject of the bloomeries of 

High Furness—in particular, " Reports on Excavations 
at Springs Bloomery near Coniston Hall, Lancashire, 
with Notes on the probable age of the Furness Bloomeries, 
by H. S. Cowper and W. G. Collingwood " (see these 
Transactions, vol. xv., p. 211). These papers deal mainly 
with the probable age of the furnaces. But I have 
recently come across an account of the mode of manu-
facturing pig-iron at Leighton Furnace, which lay between 
Yealand and Arnside, and it is, I think, sufficiently inter-
esting to warrant its publication in the Transactions. It is 
contained in John Lucas' " Antiquities and History of the 
Parish and Parish Church of Warton in Lancashire," a 
MS. in two volumes which, after having been lost sight of 
for 120 years, has recently been discovered in the library 
of one of his descendants. 

In Appendix C to the Beethenn Repository (Tract Series, 
No. 7) I collected all the available information about 
Lucas and his history of Warton, and this, by means of 
the review of the work in the Yorkshire Post, came to the 
notice of Mr. Darcy Bruce Wilson of Seacroft Hall, near 
Leeds, who told me that the " History" was in his library 
where it had lain, he believed, above one hundred years. 
Mr. Wilson's great-grandfather, John Wilson, married 
(December 21st, 1761) Sarah Lucas, a daughter of the 
historian'.s eldest son Richard, and I suppose, therefore, 
that on her father's death in 1785 the book came into her 
possession. This might account for Dr. Whitaker's state- 
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ment in i816 that, having perused the MS. about thirty_ 
years ago, he had since in vain endeavoured to retrieve 
it. 

The work was compiled between the years 1710 and 
1744. It is in two volumes folio, closely written, and 
notwithstanding that a large proportion of it is taken up 
with prolix and wearisome disquisitions on every con-
ceivable subject except the parish of Warton, there is 
much that is valuable and interesting. Lucas' account of 
Leighton Furnace in Yealand Redman throws light upon 
its origin, but is particularly valuable because of his 
description of the method of working the furnace and 
manufacturing pig-iron, and I shall therefore give it 
verbatim. 

Lucas says that the furnace was erected soon after the 
beginning of the eighteenth century byithe proprietors of 
ironworks in Furness, who had purchased the fall of wood 
in Leighton Park ; and he says in another part of the 
same volume that as soon as Sir George Middleton's 
widow, Lady Anne Middleton, was dead, the wood was 
sold ; and again, " as soon as his (i.e., Sir George Middle-
ton's) Lady relict was dead, the wood was sold a corylo ad 
Quercum." She died in April, 1705, so that we can now 
approximately fix the date of the erection of the furnace 
as probably the end of 1705 or beginning of 1706. Lucas 
makes no mention of iron ore being found.  in Yealand, 
but says it was brought across the bay from Stenton 
(Stainton) in Furness, yet I have in my possession a lease 
dated February 19th, 1719, granted by the lord of the 
manor of Yealand of the mines of lead, copper, iron, and 
tin in the wastes and customary lands of the manor. It 
seems likely that the erection of the furnace was due to 
the growing scarcity of wood in Furness and to the 
abundance of wood at Leighton, else it would not have 
been worth while to ship the ore across the bay. Lucas 
says, indeed, that " the whole park and several other parts 
of the lordship here were till of late covered with wood 
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AT LEIGHTON FURNACE. 	 33 

of several kinds, so that the house was surrounded 
therewith." But probably the presence of the furnace 
stimulated the search for iron ore in the neighbourhood, 
and there are many signs of mining on land formerly part 
of the wastes of the manor. 

Lucas, in another part of the same volume, gives an 
account of the burning of charcoal, which I have added 
to the description of iron manufacture. 

If we compare the method of smelting ore as carried on 
at Leighton Furnace with the most modern method—for 
instance, that employed at the Carnforth Ironworks—we 
find that the principle is the same, and the changes 
have been merely in the direction of increasing the 
effectiveness. 

I have shewn Lucas' account to Mr. Edward Barton of 
Warton Grange, who has so long and so successfully 
managed the Carnforth works, and he has kindly lent me 
plans of his furnaces. I find that while the size of the 
modern furnace has been enormously increased, the shape 
is the same—except that while Leighton was square, the 
former is now circular. The bottom of the well into which 
the molten metal drops is still called the well, the slag (or 
dross, as Lucas calls it) is still taken out through an 
aperture at the top of the well, and the liquid iron is still 
run into a " sow " and " pigs." But though a blast of air 
driven into the fire is still the principle of the modern 
blast furnace, the improvement in method is here perhaps 
most marked. Instead of cold air forced in by a pair of 
bellows hot air is now employed for the blast, and at 
Carnforth 30,000 cubic feet of air at a temperature of 
1200°  to 1500°  Fahr. are driven into the furnace every 
minute. Lucas says that the ore was, before being 
smelted, burnt or calcined in a kiln. Mr. Barton says 
that where hematite only is used it is no longer necessary 
to do so, though in Cleveland and in Staffordshire the ore 
is still roasted. 

D 
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The following extracts are taken from the second volume 
of Lucas' " History," the pagination of which is continuous 
with that of the first, and for convenience of reference T. 

have shewn the pages by figures in the margin. The 
footnotes are by Lucas. 

THE FURNACE. 

,(464) 	Soon after the Beginning of this (18th) Century, The 
Proprietors of the Iron Works in Forness, having purchased• 
the Fall of Leighton Park, and several other considerable 
Quantities in that Demesn and Places not far distant, erected'  
a Furnace here upon, a Goit drawn out of Leighton Beck, - for 

465) the smelting of Iron : as a Forge had been a few Years before 
built at Kere  Holm very near the Borders óf this Parish 
upon Account of the Fall of Dalton Park &ca The mighty 
Destruction of Wood, occasioned by the great Quantity of 
Iron made in this Kingdom has long been complained of in 
all Parts of the Nation ; and not without very good Reason :, 
for ìn the County of Sussex alone there, are, or lately were, 
no less than One Hundred and . Thirty Furnaces and 
Hammers, which by an exact Computation* are found ` to 
consume Yearly ninety four Thousand nine Hundred Loads 
of Charcoal, to the extravagant Consumption of Timber 

,(5oo) But to come to a particular Description of this Furnace. It 
is built like most others, against the Side of an Hill, in a 
square Form, the Sides descending obliquely about Six 
Yards, and drawing nearer one another towards the Bottom 
like the Hopper of a Mill. These oblique Walls terminate at 

,(501) . the Top of a perpendicular Square called the. Hearth whose, 
Side is about 4i  Feet, which is lined with the best Fire Stone 
to take off the Force of the Fire from the Walls, and to hold 
the fluid Metal which drops into it as it melts. The Top of 
the Furnace is covered with a large thick Iron Plate, in the. 
Middle of which is a Hole about 4 of a Yard square where 
they throw in the Fuel and Ore. When they begin to wore 
a New Furnace, they put in Fire for two or three Days before 
"they begin to blow, which they call Seasoning'; at first they 

* Simith's England's Improvement Revived, pp. 9, Io. 
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blow gently, gradually increasing, till in about three Weekes 
Time the Fire will be so intense that they can run a Sow and 
Pigs once in about twelve Hours : and after they are once 
kindled they are kept at Work Day and Night for many 
Months or Years, still supplying the Wast of the Fuel & 
other Materials wth  fresh poured in at ye Top. 

The Ore they use here is brought across the Bay by 
Coasters from Stenton in Furness, where it is found lying in 
the Cliffs [i.e., clefts] of the Rocks of gray Limestone :* The 
Veins are sometimes an Inch, sometimes a Foot, and some-
times three or four Yards broad, which they have followed 
towards the Centre of the Earth for many Fathoms. The 
Ore which lies at the outside of the Vein, or near the Rock on 
either Side is hard, and that which is in the Middle is 
commonly soft like Clay. They are both red or else bluish, 
and smooth as Velvet to the Touch when broken. As for the 
medicinal Uses of this Ore, they use the soft sort frequently, 
and with great success, for the Murrain in Cattle, and for 
most Diseases in Swine they give a Handfull or two in 
Milk. 

When the Ore which the Workmen here commonly call 
the Mine, is brought to the Furnace, their first Work is to 
burn it in a Kiln, much after the Fashion of our ordinary 
Limekilns ; a Thing we find practised not only in the Iron 
Works in Sweeden,± but also in all the Mines of Hungary, 
whether Gold, Silver, Copper, Iron, Lead or Lapis Calami-
naris4 These Kilns they here fill up to the Top with Turf 
and Ore Stratum super Stratum, and then putting Fire to the 
Bottom let it burn till the Fuel be wasted, and the mere 
drossy Part of the Ore consumed, and the other Part rendered 
more soft and malleable ; otherwise if it should be put into 
the Furnace as it comes out of the Earth, it would not melt 
but come away whole. Care also must be taken that it be 
not over much burned, for then it would loop, i.e. melt and 
run together in a Mass. After it is burnt they beat it into 

(502) small Pieces on the Rost-Hearth as the Germans call it, wth 

an Iron Sledge or large Hammer, and then cast it into the 
Furnace (which is before charged with a certain Quantity of 
Charcole and Turf) and with it a small Quantity of Limestone 

* How it is supposed to be brought thither, see Dr. Woodwnrd's Nat. Hist. of 
the Earth, p. 153. 

t Thalinus in Dissertatione de Ferro, p. 32. 
+ Dr. Brown's Travels, pp. 59, 66, 68, 170, and 583. 
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and old Cinders ; these all run together into a hard Cake or 
Lump which is sustained by the Fashion of the Furnace, 
through the Bottom of which, the Metal as it melts by the 
Violence of the Blast, trickles down into the Hearth or 
Receiver, where there is a Passage open much like the Mouth 
of an Oven, by which they clear away the Scum and Dross, 
which they always take off from the melted Iron before they 
let it run. 

When they find the Fuel to have subsided something more 
than a Yard (which they prove by an Iron Gauge or Instru-
ment much like a Flail) which is in the Space of about an 
Hour, they fill the Furnace again. Their Charging here con-
sists of a certain Quantity of very hard black Turf (the best in 
its kind of any perhaps in England which is dug up in Arnset 
Moss, about half a Mile from them) and Charcoal, upon which 
they threw four Hundred Weight of burnt Ore of different 
Sorts and Goodness, together with a loth or 12th Part as 
much Slaken as the Germans call them, or old Cinders, wch 
they here call Forest Cinders, and the same Quantity of 
Limestone beaten into small Pieces, to make it melt freely 
and cast the Cinders. We find that in Hungary they not 
only mix its own Cinders in melting their Several sorts of 
Ore, but also a certain Quantity of Stone, generally Pyrites ;* 
and a late Author± informs us that the French in their Iron 
Furnaces make use of a Sort of Sand Stone wch  they call 
Flux Stone, which they say not only helps the Fusion, and 
separates the metalick from the earthy Particles, but that the 
vitrified Sand, being a liquid Mass of Fire, keeps in a State 
of Agitation the finer Grains of Sand and the saline and 
earthy Particles, which after Ignition fix into a consistent 
Body. And this they think preferable to Limestone which in 
their Opinion serves only as a Crust or covering to rever-
berate the Heat, and to make it act with more Force inwardly 
on the Ore which is mixed with the Coals ; But if the longest 
and largest Experience may be allowed as Judge, we shall 
find Limestone pronounced the most proper Assistant in 

(503) melting Iron Ore : for the Swedest who (notwithstanding the 
great Quantities we make) do yet furnish us with near two 
thirds of the Iron wrought up and consumed in the Kingdom, 
besides the vast Quantity they export to other Parts of the 

* Dr. Brown's Travels ut Supra. 
t Nature Display'd, vol. iii., Dial. xxvi., pp. 330, 331, 332. 
$ Salmon's Mod. Hist., vol. xv., p. 387. 
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World, have always used it, and find it so absolutely neces-
sary that the Mine will not run to so good Advantage without 
it.* 

They have found here by Experience, that Turf, which is 
here both very good and very cheap, doth not only spare 
Charcoal, but makes better Iron than Charcoal alone : upon 
which Account it is that the Iron made at this Furnace is 
much preferable to that which was made some years since at 
Milthorpe in this Neighbourhood, where Charcoal was the 
only Fuel they made Use of. 

The Water does not here blow the Fire by a Pair of 
Philosophical Bellows, j- as at the Brass Works at Trivoli 
near Rome ;+ but behind the Furnace are placed two huge 
Pair of Bellows, each 74  Yards long, and iI Yard broad, 
whose Noses meet at a little Hole near the Bottom of the 
Furnace. These Bellows are compressed together by certain 
Buttons placed in the Axis of a very large Wheel, which is 
turned about by Water in the Manner of an overshot Mill. 
As soon as these Buttons are slid off, the Bellows are raised 
again by the Counterpoise of Weights, whereby they are 
made to play alternately, the one giving their Blast all the 
Time the other is rising. The Axis of this Wheel is 12 Yards 
long, and its Diameter is ten Yards within the Rim : so that 
allowing for the Thickness of the Rim, and the Depth of the 
Buckets, it will, I think, be found to exceed those at the 
great Copper Mines in Sweden whose Circumference accord-
ing to Naucleus§ is but about one Hundred Foot : and to be 
much about the Size of that observed by Dr. Brown a con-
siderable Depth in one of the Hungarian Mines,jj which being 
turned about by the Fall of a subterraneous Torrent moved 
Engines which pumped out the Waters from the Bottom of 
the Mine into a Cavity wherein this Wheel (whose Diameter 
is 12 Yards) is placed, whence it runs out at the Foot of the 
Mountain : but it will be found to fall short of the Size of 
that mentioned by Dr. Leopold, the Diameter of which he 
says was forty eight Foot, and the Machien it moves draws 
up Buckets full 800 Foot.11 

* Leopoldus De Itinere suo Suecico, p. 80. 
Dr. Powell's Hist. of Manual Arts, p. 34. 
Philos. Trans., No. 2. 

§ Olaus Nauclerus, De Magna Fodina Cufrimontana, pp. r8, 19, &c. 
Dr. Brown's Tray., p. 58 Fol. 

11-  De Itin. Suo. Suec., p. 57. 
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When the Furnace is fit to run, as they term it, which is 
once in about 12 Hours, they make a long Furrow through 

(504) the Middle of a level Bed of Sand directly before the Mouth 
thereof, which they call the Sow, and out of it on each Side 
eleaven or twelve smaller for the Pigs, and all these they 
make greater or lesser according to the Quantity of their 
Metal which is then nothing but a Torrent of liquid Fire, 
made so very fluid by the Violence of the Heat, that when it 
is let out of the Receiver or Hearth, by breaking a Lump of 
Clay out of a Hole at the Bottom thereof, with a long Iron 
Poker, it not only runs to the utmost distance of the Furrows, 
but stands boiling in them for a considerable Time. Upon 
the Extinction of the Fire the Redness goes off and the 
metallick Particles coalesce and subside one upon another, 
and it begins to look blackish at the Top : then they break 
the Sow and Pigs off from one another, and the Sow into the 
same Lengths with the Piggs, which is now done with ease ; 
whereas if let alone till they were quite cold, the doing of it 
would be much more difficult. This Running of the Iron 
calls to my Mind what is said by Mons. le Grand* and others 
about the Invention of Metals by Tubal Cain : for he, they 
say, observing Iron to run from a burning Mountain, and to 
grow hard in what Form it happened to meet with a Mould, 
took the Hint thereby to contrive the casting of Metals. 

The Hearth grows wider by using, so that their Runnings 
are much larger at the latter End than at the Beginning : for 
the Master Founder here told me on the 12th of June 1717 
that they ran abt Sixteen or Seventeen Hundred Weight at a 
Time, and in the Year 1721, he told my Brother-f they then 
ran twenty-two Hundred Weight. When they cast Backs for 
Chimneys, Rollers for Gardens, Potst or Pans &ca they make 
Moulds of fine Sand, into which they pour the liquid Metal 
with great Ladles, as they do who cast Brass or other softer 
Metals. But this sort of Iron having not undergone the 
Preparation of the Finery and Chafery in the Forge, are so 
very brittle that with one Blow of a Hammer, it will break all 
to Pieces, especially if it be hot. 

We are told by Dr. Brown§ that the Silver Ore in the 

* Antonii le Grand, Historia Sacra, p. 18. 
t My Brother's Letter to me in 1721. 
$ See the Manner of making Pots to boil Meat in of a Sort of Slate Stone in 

Dr. Burnet's Letters, p. 95. Edit. Rotterdam, 1686.. 
Dr. Brown's Travels, pp. 66, 68. 
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AT_ LEIGHTON FURNACE. 39 
Mines of 'Hungary affords but abort an : Ounce, . sometimes 
scarce half an Ounce in ioo Pounds Weight ; but that the 
Ore of the Copper Mine of Herm Grundt is very .rich,.: and in 
an ioo lb. yields ordinarily 2o, and sometimes, 3o, 4o,. 50 and 
sometimes 6o Pounds. By the same Reason the, Mine here 
may also be said to be very rich, for it we compare the 
Chargings and Winnings in 12 Hours as above we shall find 
that ioo lb of Ore yields 4o lb of Iron, or upwards. 

.r. 	 , * 

(505) 	I have observed above that they take off the Scum or Dross 
from the fluid Iron at a Place even with the Top of the 
Hearth, and throw it down the Hill before the Door of the 
Furnace. Amongst this Slag I observed Abundance of Glass; 
for the Limestone, which of its own Nature would burn 
immediately into a Calx, is here by Reason of a metalick 
Mixture, melted into an opack vitreous Substance. 

(605) 	In this Part of the Country they generally let their Oaks 
stand a Year after they are pill'd, which Custom Dr. Plot 
observed in Staffordshire, and recommended it to his Majesty. 
For the Winter Air closes the Pores of pilled Wood, and so con-
sequently consolidates all Trees, but especially the Oak does 
thereby, according to the Opinion of the Ancients, acquire a 
Sort of Eternity in its Duration 	 Their Top & 
Under Wood they here make into Charcoal, the Method of 
which is this. They cùt or rive the Wood into Pieces which 

(6o6) they make up into Cords or Stacks (a Cord by Statute is to be 
8 Foot long, 4 Foot broad, and 4 high, and every  Stick at least 
3 Inches about). They place their Pieces all upright in 3 
several Stories, S. S. S. in a Conic, or rather in a Cupalo 
Form, having first struck a Stake into the Ground in the 
middle of the lowest Floor for the rest to lean upon. Such a 
Pile they call their Hearth, and in some Places, though very: 
improperly, a Pit. They cover the Wood with a thin Covering 
of Straw or Stubble, and over that they place a Layer of Sand 
or Earth. They leave a Hole at the Top of the Pile, where 
they put in the Fire, and then cover it up. They make here 
and there small Vent-holes for the Smoak as they see 
Occasion, and take particular Care, never to let it Flame, for 
that would consume the Wood. A whole Hearth will be 
coal'd in six or seven Days. Six Loads of Wood will make 
but one of Charcoal. The greener the Wood the weightier 
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and more lasting is the Coal made of it. 'Tis computed that 
about Five Hundred Thousand Pounds' worth of Timber is 
fell'd, and about as much spent in Fireing, in England every 
Year, besides what is imported from our Colonies in America; 
from whence we have, according to Mr Dummer* the fairest 
and largest Masts in the World, besides Plank, Knees for 
Ships, and other Species of Timber for various Uses. 

* Mr. Dummer's Apology for New England. 
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