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NAMHO	CONFERENCE	2015	
	
The	 Conference	 themes	 were	The	 Influence	 of	War	 on	 UK	Mining	 Industries	 and	Progress	 in	 Research	 into	 the	
North	 Pennines	mining	 industries.	 	 The	 papers	 in	 this	 volume	were	 composed	 in	 2015	 and	 have	 been	 annotated,	
where	appropriate,	to	reflect	developments	since	that	time.	
	
The	Conference	succeeded	because	many	people	gave	their	time,	knowledge,	expertise,	money	and	support	to	enable	a	
happy	and	enjoyable	event.		Nenthead	Mines	thanks	everyone	who	contributed	to	the	Conference.	
	
	
Ivor	Brown’s	paper	 is	part	of	 these	proceedings.	 	 Ivor	died	 in	2019	after	a	 long	 life	working	as	a	professional	miner,	
mining	 engineer,	 author,	 researcher,	 and	 facilitator	 of	 history	 research	 groups.	 	 He	 was	 an	 advocate	 for	 the	
establishment	of	the	Coal	Mining	Museum	for	England	at	Overton,	Wakefield	and	worked	as	a	volunteer	at	the	Museum	
until	the	end	of	his	life.	His	determination	sets	an	example	for	us	all	to	follow.	
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Labour	Contracts	in	19th	Century	Metal	Mining,	Bingtale,	Fathomtale	and	other	
Tales	

	
Tim	Barmby	

		
1	Introduction	
	
This	 paper	 seeks	 to	 give	 some	 review	of	 the	 available	
archive	 records	 of	 the	 labour	 contracts	 and	 payments	
made	 to	 metal	 miners	 in,	 predominately,	 the	 19th	
century	(though	I	will	sometime	slip	back	into	the	18th	
century)1.	 The	 paper	 will	 also	 try	 and	 develop	 some	
arguments	 as	 to	what	 these	 records	 can	 reveal	 about	
the	 aspirations	 and	 motivations	 of	 this	 under	
researched	group	of	workers.	
	
2	Some	Records	
	
Mining	 in	 the	 Northern	 Pennines	 was,	 of	 course,	
predominately	lead,	see	Raistrick	and	Jennings	(1989),	
Raistrick	(1988)	and	Burt	(1984).	Nenthead	where	this	
conference	is	held	was	the	centre	of	operations	for	the	
London	Lead	Company.	Just	a	few	miles	up	the	road	the	
Beaumont/Blackett	 concerns	 had	 their	 base	 at	
Allenheads.	 As	was	 common	 in	 the	 Northern	 Pennine	
lead	ore	fields	groups	of	miners	would	make	“bargains”	
each	 quarter	 with	 the	 agents	 of	 the	 mine	 owners	 to	
raise	ore	at	a	particular	rate	per	weight	of	galena	ore.	
	
Figure	 1	 shows	 one	 such	Beaumont/Blackett	 bargain2	
made	 in	 the	 second	quarter	of	1861.	This	bargain	has	
two	components	to	it;	one	giving	a	piece	rate	for	raising	
ore	at	44/-	per	bing,	a	bing	being	8	cwt.,	this	would	be	
termed	a	“bingtale”	contract,	 the	second	component	 is	
the	“fathomtale”	part	being	a	rate	for	driving	levels,	or	
passageways	into	the	mine,	this	is	at	168/-	per	fathom.	
As	 can	 be	 seen	 each	 party	 to	 the	 bargain	 is	 named,	
which	 is	 actually	 comparatively	 rare,	 in	 other	 cases	
only	one	miner	(the	“taker”)	will	be	named	and	it	may	
be	 inferred	 that	 he	 will	 be	 responsible	 for	 the	
subsequent	organisation	of	the	group	of	workers.	We’ll	
also	see	examples	of	this	 in	this	paper.	Another	aspect	
of	interest	in	this	bargain	is	that	while	Robson	Whaley	
is	 the	 first	 named	miner,	 he	 doesn’t	 actually	 sign	 the	
bargain,	 John	 Seaton	 does.	 This	 gives	 some	weight	 to	
the	 view	 that	 in	 this	 particular	 case	 the	 miners	 were	
equal	partners,	and	would	receive	an	equal	share	of	the	
rewards.	The	clear	specification	of	the	number	of		

                                            
1 No single researcher can aspire to have knowledge of the entire archive 
record, one of the thrills of this type of enquiry, which spans different 
areas of economic and local history, is that new discoveries are waiting to 
be made, any information on untapped sources shedding light on the 
working lives of 18th and 19th century metal miners would be gratefully 
received and acknowledged.	
2While extensive records of bargains exist for the Beaumont/Blackett 
concerns for the 18th and 19th C the same cannot be said for the London 
Lead Company who were equally prominent, more towards the west of 
the Northern Pennine region over much the same period as the 
Beaumont/Blacketts. There is some evidence that individual bargain 
books may exist in private hands, but it appears unlikely that the 
historical record of workers bargains for the LLC is anywhere near as 
extensive. 	

	
partners	 is	 always	 made	 in	 these	 bargains,	 not	
infrequently	you’ll	 see	 fractional	 shares	specified,	 so	a	
father	 and	 son	 group	would	be	1½	partners,	with	 the	
son	taking	a	half	share	while	under	the	age	of	majority.	
Occasionally	you’ll	see	a	miner	taken	a	¾	share,	though	
this	 is	 very	 rare.	 Nevertheless	 the	 point	 is	 that	 in	
setting	the	bargain	how	many	shares	in	the	enterprise	
was	important	and	this	would	support	the	view	that	in,	
say,	the	bargain	below,	the	4	named	miners	were	equal	
partners	 in	 the	 enterprise.	 If	 it	 were	 otherwise	 the	
division	would	be	specified.	
	
We	also	see	evidence	of	the	new	time	discipline	which	
characterised	 this	 phase	 of	 the	 industrial	 revolution,	
see	 Gregory	 Clark	 (1994)	 and	 E	 P	 Thompson	 (1967),	
the	 specifying	 of	 the	 hours	 of	 work	 came	 in	 with	 the	
stewardship	of	the	chief	agent	of	the	Beaumonts	at	this	
time,	 Thomas	 Sopwith,	 and	 was	 seen	 as	 the	 direct	
cause	 of	 the	 strike	 at	Allenheads	 in	 1849,	 as	 Turnbull	
(2006)	 mentions.	 Prior	 to	 the	 introduction	 of	 fixed	
hours,	miners	would	tend	to	work	for	shorter	periods,	
as	the	work	was	certainly	physically	demanding.	As	the	
all	 the	remuneration	was	piece	rate	 the	only	rationale	
for	 fixed	 hours	 would	 really	 be	 to	 co-ordinate	 labour	
with	 capital.	 However	 Sopwith	 was	 reputedly	 quite	
concerned	with	monitoring	all	aspects	of	 the	business,	
so	maybe	this	had	something	to	do	with	it.			
	
The	 contract	 in	 Figure	 1	 gives	 an	 agreed	 rate,	 which	
would	be	for	the	raising,	and	washing	a	specific	weight	
of	 ore	 ready	 to	 go	 for	 smelting,	 these	 additional	 costs	
falling	 on	 the	 partnership.	 As	 such,	 while	 the	 initial	
agreed	 rate	would	 likely	be	 influenced	by	 the	price	of	
lead,	 changes	 in	 the	 price	 over	 the	 period	 of	 the	
contract	wouldn’t	affect	the	terms	of	the	contract.	This	
wasn’t	 always	 the	 case,	 in	 the	 Cornish	 Tin	 mining	
industry,	during	the	same	period,	workers	would	make	
what	were	termed	“Tribute”	contracts.	
	
Cornish	 Tribute	 contracts	 had	 a	 different	 form	 to	 the	
Northern	 Pennine	 Bingtale	 contracts	 in	 Figure	 1.	 The	
“Captain’s	 price”	 in	 the	 far	 left	 hand	 column	
determined	 how	much	 in	monetary	 terms	 the	miners	
received	for	the	tin	they	raised.	So	if	George	John’s	gang	
raised	tin	worth	£1	they	would	receive	7	shillings	and	6	
pence.	 This	 price	 was	 arrived	 at	 by	 an	 interesting	
process	 described	 in	 Jenkin	 (1962).	 The	mine	 captain	
stood	 in	 an	 elevated	 position	 so	 that	 all	 the	 potential	
tribute	takers	could	see	him,	he	would	have	a	supply	of	
pebbles	 in	 his	 pocket	 and	would	 call	 out	 a	 price	 for	 a	
particular	 job.	 	 Once	 he	 had	 a	 taker	 at	 that	 price	 he	
would	 throw	 a	 pebble	 in	 the	 air,	 if	 it	 hit	 the	 ground	
before	 anyone	 else	 called	 out	 a	 lower	 price	 he	would	
assign	the	bargain	to	that	person.	If	someone	did	call		
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Figure	1:	A	Bargain	from	Allenheads	mine	in	1861	(Northumberland	Record	Office	Document	NRO/672/E/2A/10)	Reproduced	with	

permission	of	Viscount	Allendale	

	
	
	
Figure	2	Tribute	Contracts	from	Wheal	Hearle	Tin	mine	1861document	reference	number	STA/125/5	used	with	permission	of	the	

Cornwall	Record	Office	

	
	
out	a	lower	price,	he	would	repeat	the	process	until	he	
had	only	one	taker.	The	mine	captain	was	conducting	
Dutch	auction	to	allocate	the	work	in	the	mine	for	that	
month.	 Some	 questions	 on	 the	 exact	 nature	 of	 the	
allocation	 of	 work	 for	 the	 Northern	 Pennines	 are	
considered	in	Barmby	(2013b).		
	
There	 are	 both	 similarities	 and	 differences	 in	 the	
nature	 of	 the	 records.	 Both	 written	 bargains,	 not	
surprisingly,	clearly	indicate	where	the	work	is	to	take	
place,	 the	 price	 and	 the	 duration.	 In	 the	 Northern	
Pennine	 situation	 it	 is	 unnecessary	 to	 specify	 the	
number	of	miners,	as	they	all	are	signatories,	whereas		

	
	
in	the	Cornish	situation	only	the	taker,	George	Johns,	is	
named.	 In	 the	 Cornish	 situation	 I	 think	 it	 is	 less	 clear	
that	 the	 4	miners	 specified,	 would	 be	 equal	 partners,	
George	Johns	appears	to	have	some	agency	in	terms	of	
organising	 the	 gang	 of	 4,	 so	 well	 may	 award	 himself	
some	return	for	this.		
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Figure	3	Mine	Journal	from	Tyndrum,	Perthshire	1771	used	with	

permission	of	Centre	for	Research	Collections,	Edinburgh	University	Library	
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Figure	4	Peter	Milburn’s	July	1847	Bargain	(Reproduced	by	permission	of	Durham	County	Record	Office	D/WL/3/1/1	
	

	
	

	
On	 the	 face	 of	 it,	 it	 might	 appear	 that	 the	 Tribute	
contract	exposes	the	Cornish	miner	to	more	risk	as	the	
payout	 to	 the	 bargain	 will	 depend	 not	 only	 on	 the	
amount	of	ore	raised	but	also	on	the	price	ruling	at	the	
time	the	contract	is	settled.	On	the	other	hand	Cornish	
Tribute	contracts	were	shorter,	giving	less	time	for	the	
price	 to	 change	 substantially,	 and	 also	 as	 we	will	 see	
the	miners	didn’t	have	to	wait	until	the	Tin	was	actually	
sold,	 as	 there	existed	a	price	 list	 so	 that	 the	weight	of	
ore	could	be	valued	at	the	month’s	end.	
	
Other	records	which	exist	sometimes	come	in	the	form	
of	a	mine	journal	as	in	Figure	3,	these	records	are	from	

a	 relatively	 small	18th	 century	venture	 in	Tyndrum,	 in	
Scotland.	 This	 concern	 was	 small	 compared	 to	 the	
more	 industrial	 levels	of	 activity	 seen	 in	 the	Northern	
Pennines	 in	 the	 19th	 century	 with	 the	
Beaumont/Blacketts	 and	 the	 London	 Lead	 Company.	
This	partly	explains	why	a	record	of	 the	activity	could	
be	contained	in	a	single	book.		
	
As	 is	 clear	 from	 the	 entry	 the	 agent,	 Aaron	Bramwell,	
could	 come	 and	 review	 all	 of	 the	work	 going	 on,	 and	
appeared	 to	 do	 so	 every	 day	 (apart	 from	 Sunday	 of	
course).	 He	 could,	 because	 of	 the	 small	 scale	 of	 the	
enterprise,	 address	 changes	 in	 bargains	 as	 needed,	 he	
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didn’t	 have	 to	 set	 aside	 a	 given	 day	 to	 do	 this.	 This	
journal	 represents	 a	 quite	 rare	 record	 of	 day	 to	 day	
working	 from	 the	 18th	 century,	 its	 survival	 can	 be	
possibly	be	attributed	to	the	carefully	monitoring	of	its	
more	Northern	ventures	by	 the	English	Scotch	Mining	
Company	 (if	 that	 isn’t	 an	 oxymoron)	 who	 had	 copies	
made	 of	 the	 mine	 journal,	 and	 these	 copies	 were	
presumably	 put	 in	 a	 drawer	 in	 the	main	 office	where	
they	 fared	 better	 than	 the	 working	 copy	 held	 on	 site	
being	 occasionally	 exposed	 to	 the	 elements,	 Barmby	
(2015a).	
	
Other	 records	 of	 the	 progress	 on	 bargains	 can	
sometimes	 be	 found	 (or	more	 precisely	 rediscovered)	
as	 outlined	 in	 Barmby	 (2013a).	 Here	 the	 fact	 that	
bargain	 books	 were	 working	 documents	 held	 on	 site	
has	 other	 consequences.	 When	 mine	 leases	 pass	
between	 different	 mining	 companies	 it	 seems	 that	
sometimes	 the	 Bargain	 books	 would	 come	 into	 the	
possession	 of	 the	 new	 company.	 So	 in	 1883	 the	
Beaumont/Blacketts	gave	up	the	lease	on	Killhope	and	
this	 was	 taken	 by	 the	 newly	 formed	 Weardale	 Lead	
Company.	 The	 present	 author	 was	 examining	 some	
bargain	 books	 for	 the	 Weardale	 company	 in	 the	
Durham	Record	Office,	knowing	that	the	company	had	
only	come	into	being	in	the	1880’s,	was	confused	by	the	
fact	 that	 the	date	on	some	of	 the	bargains	were	 in	 the	
1850’s.	 The	 answer	 was	 that	 the	 Weardale	 Company	
had	 continued	 to	 use	 the	 Beaumont/Blackett	 bargain	
books,	 as	 presumably	 there	 were	 unused	 pages,	 and	
this	was	confirmed	when	the	payments	made	on	these	
bargains	 were	 traced	 to	 the	 Beaumont/Blackett	
quarterly	 accounts	 now	 held	 in	 the	 Northumberland	
Record	 Office	 at	 Woodhorn.	 So	 the	 records	 were	 re-
united	after	130	years	!	
These	 mid-century	 records	 for	 Killhope	 are	 also	
interesting	as	they	illustrate	how	the	rates,	in	this	case	
for	 fathomwork	 are	 altered	 to	 reflect	 the	 difficulty	 of	
working.	This	can	be	seen	in	the	agent’s	notes	for	Sept	
22nd	where	it	is	recognised	that	the	120/-	per	fathom	is	
insufficient	 and	 will	 need	 to	 be	 increased	 to	 140/-,	
which	indeed	it	was	next	quarter.	
	
3	Earnings	
	
One	 of	 the	 stated	 objectives	 of	 this	 paper	 is	 to	 show	
how	these	records	can	be	used	to	cast	some	light	on	the	
experience	 of	 this	 group	 of	 workers.	 The	 first	 step	 in	
this	 I	 would	 argue	 would	 be	 to	 try	 and	 establish	 the	
level	 of	 their	 earnings.	 Much	 of	 the	 discussion	 of	
earnings	in	the	economic	history	literature	suggest	that	
it	 is	 very	 difficult	 to	 form	 an	 accurate	 picture	 of	 the	
earnings	 of	 individual	 workers 3 .	 Barmby	 (2015b)	
shows	that	the	linking	of	the	workers	contracts	set	out	
in	 the	 bargain	 book	 and	 the	 subsequent	 financial	

                                            
3Hunt (1970) p73; after reviewing the nature of the archive 
evidence concludes “It is thus hopeless to attempt to work 
out from these figures the actual year’s earnings of an 
individual partnership”	
	

record	of	the	payments	made	is	quite	feasible,	certainly	
for	the	Beaumont/Blackett	records,	as	figure	5	shows	
	
The	 Bingtale	 payment	 in	 the	 above	 panel,	 is	 made	 at	
mid-summer	1861,	and	covers	the	first	two	quarters	of	
1861,	 the	 total	weight	 of	 ore	 raised	 is	 added	 together	
for	the	6	month		period	because	the	rate	of	pay	for	the	
two	bargains	didn’t	change	being	44/-	in	both	quarters.	
If	 the	 rate	 changed	 it	 would	 occupy	 two	 lines	 in	 the	
accounts.	 So	 if	we	assume	 that	 for	 the	 second	quarter	
the	gang	earned	half	of	£25/15/-	this	added	to	the	£42	
fathomtale	 earnings	 (which	 were	 paid	 quarterly,	 at	
least	 at	 this	 point	 in	 the	 19th	 C)	would	 give	 quarterly	
earnings	of	£54/7/6	between	4	miners	or	£18/2/6	per	
month.	
	
A	 few	 months	 later	 in	 Cornwall	 in	 1861	 we	 see	 how	
George	 John	 and	 his	 group	 of	 4	miners	 fared	 on	 their	
bargain	 in	 figure	 2.	 This	 was	 recorded	 on	 the	 facing	
page.	 You	 can	 see	 that	 the	 value	 of	 the	 tin	 was	
determined	“as	per	book”	at	£50/2/6	and	George	Johns	
had	taken	this	Tribute	bargain	at	7/6	in	the	£	so	he	and	
his	 gang	 received	 £18/15/11,	 very	 similar	 to	 his	
Northern	Pennine	counterparts.	
	
As	can	be	seen	from	figure	6	George	Johns	would	have	
had	to	cover	costs	of	materials,	drawing	and	sampling,	
which	 here	 comes	 to	 about	 30%,	 in	 a	 similar	 way	
Robson	Whaley	and	his	partners	would	have	borne	the	
cost	 of	 gunpowder,	 washing	 and	 drawing,	 Barmby	
(2015b)	 estimates	 this	 at	 about	 25%	 in	 the	 Northern	
Pennines,	again	quite	similar.	

	
For	 completion	 I	 can	 report	 the	 payments	 made	 to	
partners	 at	 Tyndrum	 in	 the	 late	 18th	 century.	 As	 has	
been	 mentioned	 the	 Scotch	 Mines	 Company	 took	 the	
lease	at	Tyndrum	in	1768,	the	extant	records	run	from	
1771,	 but	 as	 can	 be	 seen	 the	 mid-year	 payments	 in	
1771	also	record	those	made	in	previous	years	back	to	
1768.	 So	 we	 can	 see	 that	 John	 McCallum	 took	 two	
bargains	 in	 1768	 on	 the	 23rd	 of	 Sept	 and	 the	 1st	 of	
November,	 and	 it	 is	 recorded	 that	 he	 and	 his	 gang	
(almost	 certainly	4)	 raised	7½	tun	at	£4/10/-	per	 tun	
generating	a	payment	of	£33/15/-,	following	this	there	
are	 three	bargains	recorded	 for	 the	 following	year	 the	
2nd	of	January,	1st	of	March	and	11th	of	April.	The	first	of	
these	bargains	was	at	£4/4/-	generating	a	payment	of	
£14/14/-	 and	 the	 subsequent	 two	 bargains	were	 at	 a	
higher	price	of	£4/10/-	generating	£24/15/-.	If	we	take	
£35/9/-	 as	 being	 yearly	 earnings	 from	 these	 bargains	
for	 4	 men,	 almost	 £9	 each.	 Even	 higher	 earnings	 are	
seen,	 John	 Sinclair	 and	 his	 gang	 in	 1770	 take	 two	
bargains	 one	 at	 the	 start	 of	 the	 year	 on	 the	 8th	 of	
January	and	another	mid-year	on	the	12th	of	July,	from	
the	 timing	 it	 is	 very	 likely	 that	 this	 was	 all	 the	 work	
they	did	that	year	generating	£104/10/-	 just	over	£26	
per	man.	
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Figure	5	Segments	of	the	Beaumont/Blackett	accounts	for	the	June	quarter	of	1861	(NRO/672/E/3A/5)	Showing	Bingtale	and	
Fathomtale	payments	to	Robson	Whaley	as	detailed	in	the	contract	in	Figure	1		Reproduced	with	permission	of	Viscount	Allendale	
	

	
	
	
	

	
	
	

	
	
	
	
	

Figure	6	Payments	made	to	George	Johns	for	the	bargain	he	took	in	August	1861	in	figure	2	document	reference	number	STA/125/5	
used	with	permission	of	the	Cornwall	Record	Office	
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Figure	7	Payments	at	Tyndrum	Lead	mine	summer	17711771	used	with	permission	of	Centre	for	Research	Collections,	Edinburgh	

University	Library	
	

	

However	there	are	other	sources	of	evidence	on	metal	
miners	of	which	seem	to	have	been	curiously	lost.	The	
Kinnaird	Commission	in	1864	reproduces	the	following	
“ticket”	 or	 statement	 of	 account	 for	 a	 partnership	 at	
Allenheads	 mines	 being	 settled	 at	 the	 end	 of	
1862.(Figure	 8).	 	 To	 my	 knowledge	 none	 of	 these	
tickets	 seem	 to	 exist	 now,	 but	 there	 must	 have	 been	
hundreds	of	them	at	one	time4.		

This	 bargain	 was	 actually	 taken	 by	 Francis	 Hewitson,	
Pattinson	 Heslop,	 George	 Philipson	 and	 Henry	
Charlton.	 It	 can	 be	 traced	 in	 the	 Northumberland	
archives	at	Woodhorn	as	31/-	is	quite	an	unusual	rate,		

                                            
4 If anyone knows of the location of any of these I would 
be very interested to hear of this	

so	by	chance	there	was	only	one	bargain	made	at	 that	
rate	in	that	quarter.	

These	 tickets	appear	 to	be	referred	 to	 in	 James	Losh’s	
diaries	 for	 18285 	published	 by	 the	 Surtees	 Society	
1959.	

“1828	 March	 26	 I	 set	 out	 in	 my	
gig...About	 9	 o’clock...to	 Newhouse	
(Mr	 G	 Crawhall’s)	 to	 attend	 Col.	
And	Mrs	 Beaumont’s	 great	 annual	
pay	 in	Weardale.			 The	 whole	 sum	
taken	 up	 for	 this	 pay	 was	 near	
£70,000,	 but	 considerably	 more	
than	 half	 of	 this	 sum	 was	 paid	

                                            
5I am very grateful to Ian Forbes for bringing this to my 
attention	
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away	at	the	Hexham	and	Allendale	
pays.			I	breakfasted	at	Lanchester.	
March	 27	 Newhouse	 (Mr	
Crawhall’s)	 is	 large,	 old	 and	
inconvenient.			The	entrance	hall	 is	
a	 long	 narrow	 room	 with	 a	 table	
the	whole	length	of	it,	at	which	the	
pays	are	made.			Mr	Crawhall	sat	at	
one	 end	 of	 this	with	 one	 plate	 full	
of	sovereigns,	another	of	silver	and	
a	 third	of	copper	coins	before	him,	
with	piles	of	bank	notes	 (the	 large	
ones	Batsons,	 the	 small	 Scotch)	on	
one	side	of	him	under	the	care	of	a	
clerk.			Three	other	agents	or	clerks	
assisted	 in	 keeping	 the	 checque	
accounts	 so	 as	 almost	 to	 prevent	
the	possibility	of	any	mistake.	
The	 workmen	 were	 admitted	 in	
regular	 order	 and	 received	 their	
balances,	 upon	 respectively	
producing	 a	 ticket,	 shewing	 what	
was	due	upon	the	work	done	under	

the	 original	 bargain,	 deducting	
what	 had	 been	 received	 for	
subsistence	 ec.		 Subsistence	 money	
is	 paid	 every	 month	 and	 the	
balances	once	a	year.			The	monthly	
payments	 about	 £4000	 and	 the	
yearly	 pay	 about	 £70,000.			 This	
includes	 all	 Col.	 and	 Mrs.	
Beaumont’s	 mines,	 not	 those	 of	
Weardale	alone.”	
	

	
	
	
	
	
The	 ticket	 below	 looks	 like	 a	 very	 good	 half	
yearly	 pay	 of	 £137/4/4	 for	 six	 months	 for	 4	
miners,	 giving	 a	 (gross)	 average	 of	 £5/14/4,	
this	 is	above	 the	overall	gross	mean	of	around	
£4.	

	
	

		
	

	
Figure	8	Ticket	for	pay	at	Allenheads	mines	1862	from	Kinnaird	Commission	
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4	What	Analysis	is	possible?	

	

	
	

Figure	9	Plot	of	net	monthly	earnings	against	bargain	rate,	Allendale1858-65	
	

	
	

The	 extensive	 records	 of,	 in	 particular,	 the	
Beaumont/Blackett	 concerns	 and	 the	 linking	 of	 the	
initial	 bargains	 with	 the	 subsequent	 payments	 in	 the	
quarterly	 accounts,	 allows,	 as	 we	 have	 said,	 the	
researcher	 to	 reconstruct	 the	 earnings	 far	 more	
precisely	 than	 a	 number	 of	 economic	 historians	 have	
previously	thought	possible.	
	
There	are	a	number	of	aspects	of	the	contracting	which	
are	of	 interest;	 firstly	 the	 frequency;	 the	mine	owners	
would	 be	 losing	 4	 days	 a	 year	 to	 setting	 up	 new	
contracts,	they	wouldn’t	do	this	is	in	a	casual	way,	there	
must	of	been	a	reason	to	do	this	in	metal	mining	which	
didn’t	 exist	 in,	 say,	 coal	 mining,	 the	 other	 main	
extractive	industry	in	the	industrial	revolution.	Here	it	
was	more	common	to	have	coal	miners	on	longer,	year-
long,	 contracts.	 Also	 the	 way	 in	 which	 a	 coal	 miner	
would	 allocated	 to	 his	 position	 on	 the	 seam	 was	
different;	 they	 would	 be	 randomly	 allocated,	 by	 the	
process	 of	 “cavilling”.	Why	didn’t	 you	 see	 lead	miners	
on	 year-long	 contracts	 and	 being	 allocated	 to	 where	
they	would	dig	also	in	a	random	fashion?	
	
One	 conjecture	 which	 I	 think	 would	 be	 reasonably	
readily	accepted	is	that	how	good	the	working	is	would	
be	more	variable	in	a	metal	mine,	so	both	mine	owners	
and	 the	miners	 themselves	would	 have	 an	 interest	 in	
revising	 the	 terms	 relatively	 frequently.	 Why	 you	
wouldn’t	just	allocate	metal	miners	randomly	to	where	
they	 would	 work	 in	 the	 mine	 is	 I	 think	 a	 little	 more	
debateable.	 One	 possible	 conjecture	 is	 that	 the	 mine	
owners	realised	that	the	miners	themselves	had	useful		

	
information	on	where	the	best	places	to	dig	where,	and	
if	you	either	gave	them	the	option	to	decline	a	bargain	
if	they	didn’t	think	it	worth	their	while,	or	you	actually	
allowed	 them	 to	 bid	 for	 the	 jobs,	 this	 was	 to	 your	
advantage	 as	 a	mine	owner.	 It	was	useful	 information	
to	 know	 that	miners	would	want	 to	 decline	 a	 specific	
bargain,	or	that	miners	wouldn’t	be	inclined	to	bid	for	a	
specific	bargain.	
	
One	outcome	of	this	process	is	that	the	agreed	rate	for	
a	given	bargain	 shouldn’t	materially	affect	 the	 level	of	
earnings.	 A	 high	 price	 bargain	 should	 be	 arrived	 at	
when	the	working	is	difficult	as	so	while	the	amount	of	
ore	 raised	 is	 lower	 the	 higher	 price	 compensated	 for	
this	and	 the	group	will,	on	average,	earn	 the	same.	To	
give	an	idea	of	the	extent	to	which	this	was	true	Figure	
9	 plots	 the	 net	 total	 monthly	 earnings	 per	 miner.	 So	
this	contains	both	Bingtale	and	Fathomtale	earnings.	It	
is	 plotted	 only	 against	 the	 Bingtale	 rate	 as	 almost	 all	
contracts	 would	 have	 a	 Bingtale	 component,	 whereas	
fewer	 would	 have	 a	 fathomtale	 component.	 The	 net	
figure	 is	 arrived	 at	 by	 interpolating	 the	 other	 costs	 of	
drawing,	washing	 etc	 using	 the	 table	 of	 other	 costs	 in	
Jennings	(1959)	as	described	in	Barmby	(2015b).	
	
The	 line	 will	 give	 a	 description	 of	 the	 expected	 or	
average	 earnings	 as	 the	 bargain	 rate	 varies.	 It	will	 be	
sensitive	 to	 the	 location	 of	 data	 points	 and	 also	 how	
many	data	points	there	are	so	the	short	steep	increase	
at	 around	 20/-	 is	 in	 the	 main	 due	 to	 the	 two	 high	
paying	 bargains	 of	 around	 £7	 and	 £9	 at	 around	 24/-	
but	 as	 we	 move	 into	 the	 range	 where	 more	 bargains	
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are	 stuck	 the	 line	 steadies	 itself	 at	 around	 the	 overall	
mean	 of	 £3/10/-	 until	 a	 decline	 appears	 to	 set	 in	
towards	 the	 higher	 priced	 bargains.	 This	 decline	 is	
caused	by	the	different	patterns	that	can	be	seen	if	you	
break	down	 the	earnings	 into	bingtale	 and	 fathomtale	
components,	 higher	priced	bingtale	bargains	 seem,	 on	
average,	to	be	not	so	good,	whereas	the	opposite	is	true	
of	 fathomtale.	 This	 is	 reported	 in	 an	 appendix,	 and	
further	 research	 is	 necessary	 to	 understand	 why	 this	
may	 be	 the	 case,	 but	 I	 think	 it	 fair	 to	 point	 out	 that	
without	 the	 matching	 of	 the	 records	 (bargains	 with	
subsequent	 payments)	 this	 question	 would	 not	 have	
been	uncovered.		
	
Another	 aspect	 of	 the	 recording	 of	 the	
Beaumont/Blackett	 bargains,	 I	 think,	 offers	 the	 most	
intriguing	prospect;	since	these	bargains	always	named	
each	 individual	 miner	 who	 was	 signatory	 to	 the	
bargain,	 it	 is	 within	 the	 bounds	 of	 possibility	 to	
construct	earnings	series	for	individual	miners,	you	can	
also	see,	by	careful	examination	of	 the	bargains,	when	
individual	 miners	 changed	 groups,	 presumably	 by	
mutual	 agreement,	 and	 also	 when	 groups	 changed	
where	 they	 were	 digging.	 It	 is	 therefore	 possible	 to	
envisage	being	 able	 to	 see	whether	 individual	miners,	
through	 good	 decisions,	 based	 on	 their	 assessment	 of	
the	likely	value	of	a	particular	bargain,	were	able	to	use	
that	knowledge	to	earn	better	returns.				
	
	
5	A	Window	into	a	19th	Century	Labour	Market	
	
E	 P	 Thompson	 in	 his	 acclaimed	 1963	 “The	Making	 of	
The	 English	 Working	 Classes”	 sought	 to	 save	 the	
handloom	weavers	from	the	“enormous	condescension	
of	 history”.	Whether	 the	metal	miners	who	 lie	 behind	
the	 documentary	 evidence	 I	 have	 presented	 here	
suffered	 condescension,	 I	 wouldn’t	 like	 to	 say,	 but	
maybe	 we	 could	 view	 them	 as	 being	 somewhat	
unregarded.	However	the	type	of	analysis,	based	on	the	
linking	 of	 bargains	 with	 subsequent	 payments,	 that	 I	
have	 described	 here	 give	 the	 possibility	 of	
demonstrating	 the	 extent	 to	which	working	miners	 in	
the	 lead	 mines	 of	 Allendale	 were	 able	 to	 earn	 some	
return	 on	 their	 skill	 give	 a	 deeper	 and	more	 nuanced	
understanding	 of	 the	 working	 lives	 of	 these	 miners	
which	 would	 rightly	 command	 them	 more	 attention	
and	knowledge.	This,	I	think,	would		give	a	deeper	and	
more	 nuanced	 understanding	 of	 the	 working	 lives	 of	
these	miners	which	would	rightly	command	them	more	
attention.	
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Appendix:	Gross	Bingtale	and	Fathomtale	earnings	plotted	against	their	respective	rates	

	

	
	

	
	
	

As	mentioned	in	the	main	text,	higher	priced	Bingtale	bargains	appear	on	average	to	not	pay	as	well,	while	the	
opposite	appears	true	for	Fathomtale.	The	graphs	are	presented	as	gross	as	it	would	be	unclear	how	to	net	out	other	
costs	when	overall	earnings	are	arrived	at	by	summing	these	two	components.		
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Mines	and	War	in	the	20th	Century	
	

Ivor	J	Brown	
	
	

Abstract	
	
In	 line	 with	 the	 theme	 set	 for	 this	 Conference,	 this	
paper	 looks	 briefly	 at	 the	 demands	 of	 the	 two	 world	
wars	and	 the	cold	war	 from	1950s	 to	1970s,	made	on	
the	 mines	 and	 mining	 communities	 in	 Britain.		
Examples	of	the	actions	taken	and	of	any	effects	will	be	
given	as	they	occurred	in	the	Shropshire	mining	fields.	
What	 happened	 there	 was	 very	 similar	 to	 the	
experience	in	other	fields.	
	
	
Shropshire	Mines	
	
The	 focal	 point	 of	 any	mine	 is	 its	 pithead.	 In	 this	 the	
general	pattern	in	Shropshire	was	to	have	two	or	three	
small	 diameter	 shafts	 (often	 8	 feet	 dia.)	 very	 close	
together	(say	up	to	25	yds.))	and	all	were	wound	by	a	
single	winding	engine.	
	
Plate	1	Kemberton	Pit	1864.	Steam	engine	at	right	hand	side.	

	
	
At	 Kemberton	 pit	 of	 the	 Madeley	 Wood	 Colliery,	 two	
deep	shafts	were	originally	wound	by	chains	from	one	
spindle,	one	chain	going	down	when	the	other	came	up.	
A	third	shaft	would	raise	water	from	a	catchment	at	the	
base	of	the	softer	measures	of	rock	for	general	drainage	
and	to	provide	cleaner	water	for	the	steam	boilers	and	
for	 mineral	 dressing.	 It	 can	 be	 said	 that	 if	 anything	
affects	 the	 shafts	 or	 the	 engine	 house	 it	 can	 be	 very	
serious	 for	 those	 people	 underground.	 More	 will	 be	
said	of	this	later.	
	
The	Madeley	wood	 Colliery	 and	 its	 community	 is	 one	
that	 the	 writer	 is	 most	 familiar	 with	 as	 it	 was	 the	
workplace	 for	 himself	 and	 the	 previous	 three	
generations	(at	least)	of	his	family.	The	pit	was	sunk	by	
John	 Anstice,	 a	 local	 industrialist,	 for	 coal,	 ironstone	
and	fireclay	in	1867	and	closed	in	1967.	
	
	
	
	
	

	
	
	
	
The	First	World	War	1914-1918	
	
Almost	certainly	the	greatest	impact	of	this	war	on	the	
mining	 industry	 was	 the	 loss	 of	 miners	 due	 to	
enlistment	in	the	forces.	In	July	1914	coal	mining	in	the	
UK	 had	 1.25	 million	 employees	 and	 by	 mid	 1915	
around	20%	had	 enlisted.	 By	 the	 end	 of	 the	war	 over	
35%	of	 the	 1914	 employees	 had	 served	 in	 the	 forces.	
Most	 of	 those	 who	 enlisted	 were	 the	 youngest	 and	
fittest	so	it	was	a	double	blow	to	the	industry.	(1)	
	
For	most	of	the	early	recruits	it	was	a	call	to	adventure	
and	 the	 opportunity	 to	 see	 something	 of	 the	 world	
”before	 Christmas”	when	 it	was	 believed	 that	 the	war	
would	be	over.		The	pit	at	Madeley	was	just	like	the	rest	
and	 by	 the	 end	 of	 August	 1914	 there	 had	 been	many	
losses	 to	 the	 industry	at	all	 levels.	 	The	 local	 land	and	
coal	owner’s	heir,	Charles	Yates,	and	the	mine	owner’s	
heir,	 John	 S.	 Anstice	 (grandfather	 of	 the	 founder	 John	
Anstice),	 had	 gone,	 as	 had	 many	 more	 including	 the	
“Ironbridge	Pals”.	These	young	men	had	followed	Yates	
into	 the	 Yorkshire	 Regiment,	 as	 this	was	 likely	 to	 see	
more	action	earlier	than	the	local	Shropshire	regiment.	
	
The	 write	 has	 the	 surviving	 correspondence	 from	
Harry	Brown,	his	grandfather’s	brother,	 for	the	period	
from	 August	 1914	 to	 October	 1914.	 Harry	 had	 been	
shown	 as	 a	 pit	 pony	 driver	 in	 the	 1911	 census.	 In	
October	 1914	 the	 pals	 were	 “living	 in	 holes	 in	 the	
ground	 in	 France	 like	 tame	 rabbits	 scrabbling	 in	 and	
out	all	the	time”.		Harry	wrote	“May	God	help	us	to	pull	
through	and	to	get	home	quite	safe	once	again”.	
	
He	reports	in	his	next	and	last	letter	“I	have	lost	two	of	
my	mates	 from	home,	 one	got	wounded	and	was	 sent	
home”.	 Then	 Harry	 Middle	 was	 wounded	 and	 George	
Kearsley	 was	 lost	 and	 could	 not	 be	 found.	 The	 final	
result	 for	 those	 listed	 previously	was	 not	 good.	Harry	
Brown	 was	 captured	 and,	 like	 Yates,	 died	 in	 a	 POW	
camp.	Kearsley	had	also	died,	as	did	Anstice	later.		The	
loss	of	Yates	and	Anstice	led	eventually	to	the	breaking	
up	of	the	estates	of	the	former	and	of	the	Coal	Company	
of	the	Anstices.		There	were	many	such	stories.	Of	over	
100	men	 listed	 on	 the	 Madeley	War	memorial,	 about	
20%	had	been	involved	with	the	pit	before	the	war.	
	
From	early	1915	the	Army	actively	enlisted	miners	for	
the	Tunneling	Company	of	the	Royal	Engineers	to	help	
with	 driving	 tunnels	 under	 the	 enemy	 lines.	 –	 but	 in	
1916	 conscription	 commenced	 and	 certain	 categories	
of	mine	workers	were	exempted	from	duty.			
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From	this	time	the	Government	tried	to	keep	miners	in	
the	pits	by	making	the	work	more	attractive,	usually	by	
keeping	wages	high.	(2)	
	
At	 this	 time	 too,	 a	 national	 Coal	 Controller	 had	 been	
appointed	 who	 controlled	 process,	 profits	 and	
production.		The	owners	temporarily	lost	many	of	their	
powers.		One	visible	expression	of	this	was	that	railway	
wagons	were	pooled	i.e.	controlled	so	that	they	did	not	
get	 used	 from	 individual	 pits	 but	were	moved	 around	
the	 rail	 system	 to	 minimize	 wasted	 movement	 of	
empties	and	thus	saving	coal	and	effort.		(3)	(4).	
	
The	 metal	 mines	 too	 had	 their	 problems	 due	 to	 both	
the	 scarcity	 of	 labour	 and	 the	 continuing	 rise	 in	 fuel	
costs.	 A	 note	 in	 the	 Mining	 Magazine	 for	 May	 1915	
explained	the	situation	in	Cornwall.	“many	of	the	mines	
are	at	present	suffering	from	an	acute	scarcity	of	labour	
owing	to	so	many	of	the	best	miners	having	enlisted.	A	
large	 proportion	 of	 the	 men	 still	 working	 have	 other	
interests,	 notably	 the	 cultivation	 of	 the	 proverbial	
‘vegetable	 patch’.	 They	 have	 a	 habit	 of	 missing	 shifts	
thereby	 adding	 to	 the	 anxiety	 of	 the	managers”.	 “The	
advance	 in	 the	 price	 of	 materials	 especially	 coal	 has	
increased	the	working	cost	but	the	recent	steadiness	in	
the	price	of	tin	has	helped	the	companies”.	
	
The	 problems	 of	 the	 Shropshire	 lead	 mines	 were	
similar	 and	 as	 the	 war	 progressed	 other	 problems	
occurred.	 	 For	 example,	 large	 areas	 around	 the	mines	
were	 taken	 over	 as	 training	 camps	 for	 Army	 recruits.	
One	near	Roman	Gravels	mine	 trained	men	 in	 the	use	
of	 explosives	 and	 many	 important	 and	 historic	 mine	
structures	were	used	for	blasting	practice.	
	
Plate	2	The	Bog	to	Minsterley	ropeway	constructed	by	POWs	

in	1917.	

	
	
The	 Bog	 barytes	 operation	 actually	 used	 German	
prisoners	 of	 war	 to	 help	 construct	 a	 7	 mile	 aerial	
ropeway	 from	 the	 mine	 and	 by	 1916	 it	 had	 also	
operated	 its	 own	 Homeguard	 Unit	 with	 over	 50	men.	
As	 will	 be	 see,	 although	 they	 had	 a	 uniform,	 no	
weapons	 are	 shown	 and	 a	 request	 for	 information	 on	
the	Unit	to	the	Kings	Shropshire	Light	Infantry	Museum	
received	 the	 reply	 that	 no	 so	 such	 Unit	 was	 officially	
recognized!	
	

	

Plate	3	The	Bog	Mines	Platoon	c1916	

	
	
	
The	Interwar	Years	
	
Some	 of	 the	 developments	 undertaken	 during	 the	
interwar	 years	were	 to	 become	 of	 significance	 during	
later	times	of	war.		These	included	the	Miners’	Welfare	
Scheme,	 the	 reclamation	 and	 re-vegetation	 of	 disused	
pit	 mounds	 and	 some	 power	 supply	 arrangements	 at	
collieries.	
	
The	Miners	Welfare	 Fund	was	 established	 in	 1923	 to	
provide	 amenity	 buildings	 at	 collieries	 with	 sports	 as	
well	 as	 cultural	 and	 educational	 facilities	 for	 miners	
and	 their	 families.	 	 To	 pay	 for	 this	 a	 Fund	was	 setup	
and	a	contribution	was	made	 into	 it	 from	every	ton	of	
mineral	 produced	 by	 royalty	 owners	 and	 production	
companies.	 	 The	 miners	 themselves	 provided	
additional	funding.	
	
Many	sports	grounds	were	provided	by	the	conversion	
of	old	 tipping	areas	and	 in	Dawley	a	vey	 large	area	of	
barren	 tips	 was	 planted	 up	 in	 1932	 partly	 by	 the	
unemployed.	 	 In	 Oakengates	 large	 tips	 in	 the	 town	
centre	 were	 removed	 by	 the	 International	 Volunteer	
Corp	made	up	of	volunteers	from	Germany,	France	and	
eastern	 Europe	 as	well	 as	 from	Britain.	 The	 area	was	
converted	 into	 a	 bus	 station	 and	 car	 park.	 	 The	
woodland	 planted	 during	 this	 time	 was	 to	 prove	
invaluable	 for	 pit	 timber	 when	 supplies	 from	 abroad	
were	cut	off	in	later	years.		
		

Plate	4	1930s	planting	at	Dawley	for	pit	timber	
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Modernisation	 of	 the	 pit’s	 winding	 and	 pumping	
engines	was	going	on	apace	at	this	time	but	from	1936	
rumblings	 of	 war	 were	 being	 heard.	 At	 Madeley’s	
Kemberton	 Pit	 it	 was	 decided	 to	 replace	 the	 steam	
winder	by	an	electric	one	connected	to	the	new	power	
station	 at	 Ironbridge.	 	 Fears	 were	 expressed	 about	
what	 would	 happen	 if	 there	 was	 a	 power	 cut	 due	 to	
bombing	or	for	some	other	reason.	As	explained	earlier	
the	 pit	 had	 only	 two	 shafts	 for	winding	 and	 only	 one	
engine.	 It	was	 decided	 to	 drive	 a	 half-mile	 connection	
underground	to	another	pit	at	Halesfield,	then	used	for	
pumping	water	from	the	old	workings.	 	This	was	done	
(see	plan	and	 ref	10)	giving	a	 second	means	of	 access	
and	also	making	possible	the	use	of	a	larger	ventilating	
fan	 and	 a	 second	pair	 of	 shafts	 for	 ventilation	 and	 for	
pumping	 Kemberton’s	 water.	 	 It	 was	 decided	 to	 keep	
the	old	steam	engine	at	the	older	pit	as	this	would	not	
be	 affected	by	an	electric	power	 cut	or	damage	 to	 the	
main	shafts.	
	
Plate	5	Kemberton	Pit	1940s.	The	electric	winder	for	two	

shafts	is	in	the	“white	house”.	

	
	
Plans	 were	 also	 made	 at	 Madeley	 to	 build	 a	 pithead	
baths	and	canteen.	 	A	 local	 farmer	had	given	 land	 free	
of	charge,	financial	help	had	been	offered	by	the	Miners	
Welfare	 Fund	 and	 a	 miners	 committee	 was	 set	 up	 to	
run	it.	The	pit	owners	were	considering	what	help	they	
should	give	but	war	was	announced	and	a	ban	was	put	
on	the	use	of	materials	for	all	purposes	other	than	war	
use.		The	project	was	stopped.	
	
	
The	Second	World	War	1939-1945	
	
As	 with	 the	 First	 Word	 War	 there	 were	 many	
volunteers	 from	 the	 pits	 at	 the	 beginning	 but	
conscription	 came	 earlier	 and	miners	were	 exempted.	
Not	 all	 miners	 were	 happy	 at	 this	 and	 the	 writer	
remembers	that	who	had	been	refused	acceptance	felt	
aggrieved	 after	 the	 war.	 	 After	 the	 war	 home-coming	
soldiers	 seemed	 to	 get	 much	 better	 treatment	 e.g.	
medals	 and	 opportunities.	 	 One	 of	 the	 pit	 fitters	 the	
writer	 knew	 had	 enlisted	 as	 a	 “fitter”,	 been	 accepted,	
given	 basic	 RAF	 training	 and	 sent	 to	 Gibraltar	 as	 an	
aircraft	fitter.		When	it	was	found	that	he	had	been	a	pit	
fitter	 he	was	 sent	 home	 again	 as	 the	 pits	 needed	 him	
more.		He	had	only	just	begun	seeing	the	world!		Later	
in	the	war	some	conscripts	were	re-directed	to	the	pits	

as	 Bevan	Boys	 and	 their	 treatment	 in	 recent	 years	 by	
being	 given	 Medals	 for	 war	 service	 in	 the	 pits	 when	
ordinary	miners	got	nothing	has	opened	old	wounds.	
	
Just	before	the	war	in	1938	the	Government	produced	
a	 circular	 in	 their	 series,	 begun	 in	 1935,	 Air	 Raid	
Precautions.	 	 It	was	 entitled	 “Air	Raid	Precautions	 for	
Collieries”.		In	its	28	pages	it	gave	advice	on	all	aspects	
of	 dealing	 with	 air	 attacks	 involving	 High	 Explosive	
bombs,	 Incendiary	 bombs	 and	 Gas	 bombs	 or	 Gas	
sprays.	
	
It	gave	advice	such	as		
Don’t	depend	upon	telephones,	use	a	special	siren.	
Have	a	special	system	for	contacting	pit	bottom.	
Have	 equipment	 available	 for	 re-opening	 blocked	
shafts.	
Use	blackout	procedures,	put	out	pit	heap	fires.	
Camouflage	buildings	by	painting	etc.	
Arrange	to	move	underground	workers	100	yards	from	
shaft	bottom	during	raids	(except	on-setters).	
Underground	workers	to	have	respirators	handy	at	all	
times.	
Cease	all	winding	during	raids.	
Surface	shelters	to	be	provided,	none	to	hold	more	than	
50	persons.	
No	 families	 or	 others	 to	 be	 allowed	 underground	 for	
shelter	(except	in	drift	entrances	in	“safe	positions”.)	
If	 shafts	 are	 less	 than	 100	 feet	 apart,	 there	must	 be	 a	
second	means	of	access.	
Arrange	for	alternative	power	sources	for	winding.	
Timber	 should	 not	 be	 used	 to	 repair	 damaged	
headframes.	
Normal	factory	type	Firefighting	and	First	Aid	facilities	
should	be	provided.	(5).	
	
It	 as	 been	 mentioned	 earlier	 that	 at	 Madeley	 Wood	
Colliery	 the	 shafts	 were	 too	 close	 and	 wound	 by	 one	
engine	thus	a	connection	had	been	made	with	a	nearby	
pumping	 shaft	 with	 a	 steam	 winder	 so	 these	 points	
were	covered.		In	fact	most	points	had	been	covered	at	
this	mine,	 for	 example	 a	 siren	 had	 been	 added	 to	 the	
pits	 hooter	 system	 and	 a	 connection	 by	 telephone	
already	 existed	 with	 the	 pit	 bottom	 office.	 	 However	
someone	would	 have	 to	 remain	 in	 the	 100	 yard	 limit	
area	 to	 manually	 transfer	 messages	 to	 the	 limited	
underground	 system	 (which	 by	 law	 had	 to	 be	 kept	
separate	electrically).		There	was	already	an	alternative	
system	 for	 sending	 messages	 underground	 and	 to	
surface	 by	 banging	water	 pipes	 or	 a	metal	 hand	plate	
using	a	special	code.	
	
Attempts	at	extinguishing	tip	fires	are	remembered	by	
the	writer	who	lived	close	to	one.		Digging	out,	spraying	
water	and	sand	trenching	all	failed,	in	fact	they	tended	
to	 assist	 the	 fire	 by	 opening	 up	 air	 passageway.	
Eventually	it	was	believed	that	the	fires	could	be	useful	
in	acting	as	decoys	to	receive	further	bombing	without	
serious	 loss	 or	 injury.	 	 This	 was	 acted	 upon	 by	 the	
Government	 under	 “Operation	 Starfish”	 where	 fires	
were	 lit	 in	 less	 developed	 areas	 intentionally,	 for	
example	 around	 the	 Bog	 Lead	 Mine	 and	 the	 peat	
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workings	 of	 Whixall	 Moss,	 where	 the	 remains	 of	 the	
lighter’s	 cabin	 and	 the	 base	 for	 the	 fire	 cradles	 had	
been	preserved.	
	
Another	 effect	 of	 the	 war	 was	 that	 with	 increased	
demand	 for	coal	more	royalties	and	owners	payments	
went	into	the	Miners	Welfare	Fund	than	could	be	spent	
–	 but	 the	 needs	 were	 still	 there.	 	 For	 example,	 the	
Madeley	 miners	 had	 land	 and	 available	 money	 and	
agreements	 for	a	pithead	baths	and	a	canteen.	 	Efforts	
were	 made	 to	 get	 the	 release	 of	 materials	 from	 the	
government	so	that	building	work	could	commence.	
	

Figure	6		Opening	day	at	Kemberton	Pit	baths	

	
	
	
They	 were	 successful	 and	 in	 1942	 Shropshire’s	 first	
pithead	 baths	 were	 opened.	 	 The	 baths	 and	 canteen	
were	not	nationalized	in	1947	but	remained	a	privately	
run	 operation	 until	 1954.	 	 The	 canteen	 was	 also	
exceedingly	 useful	 as	 it	 could	 be	 used	 to	 obtain	 a	
special	allowance	of	rationed	foods	for	serving	meals	to	
the	miners	and	also	for	the	distribution	of	their	special	
allowance	soap,	toweling	and	cheese.	
	
Figure	7	Kemberton	Pit,	Bike	shed,	Baths	and	Canteen	built	in	

1942	

	
	
It	 appears	 that	 the	 Shropshire	 coal	 mining	 area	 had	
only	 one	 specific	 air	 raid	 during	 the	 war	 but	 all	 the	
bombs	 fell	 on	 wooded	 pit	 heaps	 near	 Donnington.		
Some	 years	 afterwards	 a	 report	 appeared	 in	 a	 local	
newspaper	about	a	German	wartime	navigator.	 	It	said	
that	 having	 worked	 in	 the	 area	 with	 the	 Voluntary	
Peace	 Corp,	 when	 he	 was	 given	 the	 order	 to	 bomb	
wartime	 factories	 and	 Ordinance	 Depots	 in	 the	

coalfield	 he	 purposefully	 aimed	 the	 bombs	 on	 places	
where	he	knew	they	were	least	likely	to	cause	injury	to	
people.		(6)	(7).	
	
A	surviving	wartime	Anderson	air	raid	shelter	at	Vogar	
Clay	mine	in	Shropshire	was	used	also	as	a	mine	office	
in	the	1950s	and	is	now	preserved.	
	
Figure	8	Anderson	shelter	in	use	as	an	office	at	Vogar	Mine	

	
	
	
The	Cold	War	
	
The	 Cold	War	 commenced	 soon	 after	 the	 two	 atomic	
bombs	were	dropped	on	 Japan	 in	1945.	 	The	Russians	
were	 about	 to	 build	 their	 own	 atomic	 weapons	 and	
were	 advancing	 their	 territories	 and	 the	 USA	 and	
British	governments	were	worried.	
	
In	Britain	 the	 coal	 industry	was	nationalized	 in	 	 1947	
and	many	“displaced	persons”	were	being	recruited	for	
the	mines.	 	 The	 new	National	 Coal	 Board	 	 (NCB)	was	
providing	 barrack-like	 housing	 to	 accommodate	 them	
and	the	writer	came	to	know	the	Bridgetown	barracks	
near	 Cannock.	 	 He	 and	 other	 students	 from	 the	more	
remote	 Shropshire	 coalfields	 were	 offered	
accommodation	 here	 when	 on	 courses	 in	 Cannock,	
Staffs	in	the	1950s.		It	is	understood	that	all	declined	it	
on	 inspection	 and	 found	 their	 own	 “digs”	 in	 local	
hostelries	and	private	houses	–	the	writer	certainly	did.		
The	 displaced	 persons	 from	 many	 lands,	 particularly	
from	 Europe,	were	 accepted	 in	 the	 pits	 and	 generally	
did	 well.	 	 These	 were	 followed	 by	 recruits	 from	
southern	Italy	who	did	not	get	on	so	well.	 	Then	in	the	
late	 60s	 and	 early	 70s	 men	 escaping	 from	 the	
Hungarian	 uprisings	were	 accepted	 into	 the	 Barracks.		
These	 did	 not	 do	 so	 well	 either.	 	 The	 Bridgetown	
barracks	 later	 became	 the	 computer	 centre	 for	 the	
NCB.	
	
By	 1960	 the	NCB	 had	 realized	 that	 if	 a	 nuclear	 bomb	
fell	 on	 a	 mining	 area	 it	 would	 have	 serious	
repercussions	for	men	underground.		A	hit	would	cause	
havoc	 on	 the	 surface	 but	 what	 about	 the	 men	 in	 the	
mines?	
	
Could	 such	 an	 incident	 cause	 a	 “bump”	 inducing	 roof	
falls	 or	 at	 least	 slips	 on	 the	 surface	 that	 might	 seal	
shafts?	 	Would	 a	 near	 direct	 hit	 cause	 an	 up	 draught	
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exhausting	 all	 the	 air	 from	 the	mine	 instantly?	 	What	
about	 the	 loss	 of	 power	 for	 pumps	 and	 winding	 or	
would	 the	 energy	 in	 the	 ventilation	 flow	 keep	 the	 air	
moving	 and	 in	 consequence	 carry	 into	 the	 mine	
radiation	 from	 the	 surface?	 	 What	 would	 be	 the	
psychological	 effect	 on	 men	 underground	 fearing	 for	
their	 families	 and	 homes	 a	 thousand	 feet	 above	 them	
and	with	 no	 way	 of	 getting	 to	 them?	 	Would	 they	 sit	
quietly	and	wait?	
	
The	 NCB	 started	 training	 selected	 underground	
officials	who	would	probably	be	underground	if	such	a	
catastrophe	 happened	 “up	 top”.	 	 The	 object	 was	 to	
prevent	 panic,	 preserve	 fresh	 air	 pockets	 or	 refuges	
below	ground,	have	some	drinking	water	available	and	
to	provide	activities	which	might	be	useful	or	would	at	
least	 give	 everyone	 something	 to	 do	 thus	 taking	 their	
mind	off	the	problems	above.	
	
There	was	 an	 element	 of	 secrecy	 about	 all	 this	 and	 a	
wish	 to	avoid	unnecessary	alarm.	 	The	chosen	 leaders	
did	 not	 need	 to	 meet	 each	 other	 for	 if	 anything	
happened	as	likely	as	not	they	would	have	to	act	alone.		
There	was	 no	 need	 to	worry	 everyone	with	 practices	
etc.	
	
At	 Madeley	Wood,	 Kemberton	 Pit,	 in	 1960	 the	 writer	
was	 chosen	 as	 he	 worked	 regular	 nights	 as	 an	
underground	 official	 and	 it	was	 thought	 that	 it	would	
happen	then.	 	There	may	have	been	others	chosen	but	
secrecy	was	such	that	he	never	knew	of	them.		He	was	
duly	 sent	 on	 a	 concentrated	 one-day	 course	 at	 the	
Valley	Pit,	Hednesford,	in	September	1960.	
	

Figure	9		Training	Syllabus	

	
He	was	informed	before	he	went	that	a	large	metal	tank	
had	been	placed	underground	at	the	the	colliery	full	of	
fresh	water.	 	This	was	in	the	chosen	“refuge	area”	 in	a	
connecting	 roadway	 between	 the	 main	 intake	 road	

from	 Kemberton	 shafts	 and	 the	 main	 return	 to	
Halesfield	shafts.	 	There	was	a	heap	of	suitable	timber	
and	 stone	 at	 each	 end	 of	 this	 normally	 door-sealed	
roadway	 to	 form	 stoppings.	 	 Here	 men	 within	 the	
refuge	could	wait	while	air	containing	radiation	passed.		
Similar	assembly	places	were	to	be	supplied	with	heaps	
of	 timber	 elsewhere	 in	 the	 pit.	 	 This	 timber	would	 be	
suitable	 for	 making	 emergency	 fans	 to	 be	 manually	
operated	or	to	construct	stoppings.	
	
It	must	be	remembered	that	a	mine	covers	the	area	of	a	
small	 town	 and	 the	manpower	 is	 spread	 over	 a	 wide	
area.		At	Madeley	Wood	for	example,	the	main	working	
faces	were	nearly	2.5	miles	from	the	pit	bottom	refuge	
site	and	in	an	emergency	this	distance	would	have	to	be	
walked.	 	 Similarly	 men	 would	 normally	 make	 for	 the	
fresh	intake	airway	but	 in	the	case	of	a	bomb	falling	it	
almost	certain	that	the	return	airway	would	be	safer	as	
it	would	 remain	 free	 from	 contamination	 longer.	 	 The	
course	 proved	 to	 be	 an	 intensive	 one	 and	 the	
programme	 is	 shown	 in	 figure	 three.	 	 It	 was	 led	 by	
Mr.C.Williams	 and	 the	 class	 was	 made	 up	 of	 one	
representative	 from	 each	 colliery	 in	 the	 NCB’s	 South	
Staffordshire	and	Shropshire	Area.	
	
In	 the	morning	the	topic	was	The	Threat.	 	 It	consisted	
of	 a	 film	 about	 the	 H	 Bomb	 and	 another	 about	 the	
consequential	fallout.		There	were	also	two	lectures	on	
the	 objects	 of	 NCB	 Civil	 Defence	 and	 on	 nuclear	
weapons	in	general.		Both	films	were	described	as	“not	
for	 public	 exhibition”.	 	 In	 the	 afternoon	 the	 topic	was	
Civil	 Defence.	 First	 a	 film	 showing	 what	 the	
Government	 was	 doing	 and	 what	 the	 national	
organisations	for	fire	fighting	and	first	aid	were	doing.		
The	 remainder	 of	 the	 afternoon	 covered	 the	 part	 that	
the	 persons	 present	 would	 have	 to	 play	 and	 the	
audience	 was	 expected	 to	 give	 their	 ideas	 and	 views.		
The	 writer	 especially	 remembers	 having	 to	 design	 a	
wooden	 fan	 to	be	powered	by	 ten	men	and	 to	discuss	
the	 pros	 and	 cons	 of	 locating	 the	 emergency	winding	
engines	in	either	urban	or	country	locations.		Much	of	it	
was	very	hypothetical.	Finally	the	writer	was	awarded	
his	civil	defence	certification.	(Figure	10).	
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Figure	10	Training	certificate.	

	
	
Fortunately	a	bomb	was	never	dropped.		The	Cold	War	
probably	reached	its	peak	in	October	1962	at	the	time	
of	 the	 Cuban	 crisis.	 	 At	 this	 time	 everyone	 in	 Britain	
held	 their	breath	when	an	ultimatum	existed	between	
the	two	great	powers.		The	miners	certainly	held	theirs.		
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Figure	11	Plan	of	part	of	Madeley	Wood	Colliery	
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Mineral	Independence:	Access	to	metalliferous	resources	in	time	of	conflict	
	

Peter	Claughton	
	
	
	

Abstract	
	
For	 most	 metalliferous	 minerals	 there	 is	 universal	
demand.	They	 are	 the	 feedstock	of	 both	domestic	 and	
industrial	 growth.	 But	 some,	 for	 which	 there	 is	
normally	no	extraordinary	demand,	assume	a	position	
of	 strategic	 importance	 in	 times	 of	 conflict.	 They	 are	
primarily	 those	 minerals	 with	 applications	 in	 arms	
production.	
This	paper	 looks	at	 the	conflicts	of	 the	 first	half	of	 the	
20th	 century	 and	 considers	 how	 they	 influenced	 the	
demand	 for	 some	 significant	 mineral	 resources	 and	
some	 relatively	 minor	 ones,	 such	 as	 wolfram	 and	
chromite,	 which	 were	 essential	 for	 the	 war	 effort.	 It	
also	explores	the	actions	of	governments,	on	both	sides,	
in	marshalling	those	strategic	resources	with	a	view	to	
establishing	 what	 was,	 later	 referred	 to	 as	 ‘mineral	
independence’.	
It	 is	 not	 intended	 to	 be	 a	 definitive	 statement	 on	
strategic	 metalliferous	 resources	 but	 a	 taster,	 giving	
the	 reader	 some	appreciation	of	 the	 complexity	of	 the	
subject	
	
	
Introduction	
	
In	 the	 First	 World	 War,	 in	 the	 preliminary	 artillery	
bombardment	 for	 the	 Battle	 of	 the	 Somme,	 British	
artillery	 fired	1.73	million	 shells	 on	 the	German	 lines.	
That	 was	 a	 lot	 of	 steel	 required	 for	 just	 the	 opening	
action	 of	 one	 battle	 -	 and	 it	 was	 totally	 lost	 with	 no	
options	 for	 re-cycling.	 Access	 to	 the	 resources	 for	 the	
production	 of	 vast	 amounts	 of	 iron,	 steel	 and	 other	
associated	 metals	 was	 to	 be	 a	 key	 factor	 in	 this	 and	
other	conflicts	in	the	20th	century.	
	
The	 concept	 of	 ‘mineral	 independence’,	 having	 access	
to	 all	 the	 essential	minerals	 at	 a	 time	 of	 conflict,	 was	
considered	in	the	early	years	of	the	First	War,	but	was	
developed,	particularly	in	the	United	States	of	America,	
in	 the	 inter-war	years.	 In	 the	USA,	 that	was	 to	 lead	 to	
the	 stockpiling	 of	 certain	 essential	 metals	 after	 the	
Second	 World	 War,	 in	 the	 1950s,	 when	 large	 scale	
conflict	 again	 appeared	 imminent.	 However,	 when	
examined	closely,	it	had	been	a	German	objective	from	
at	 least	 the	 latter	part	 of	 the	19th	 century,	when	 they	
sought	 to	 acquire	 or	 control	 in	 some	way	 the	mining	
and	processing	of	the	essential	or	‘strategic’	metals.	
	
Good	 examples	 of	 the	 way	 the	 Germans	 developed	 a	
system	 of	 integrated	 vertical	 acquisition	 or	 control	 of	
mineral	 resources	 can	 be	 found	 in	 eastern	 Australia,	
particular	 in	 Queensland.	 Only	 a	 week	 after	 the	
outbreak	of	the	First	World	War,	the	manager	of	the		
	

	
Silver	 Spur	Mine	 in	 south-east	 Queensland	 received	 a	
letter	(Figure	1)	 informing	him	that	 the	company	who	
purchased	 the	 mine’s	 output	 of	 rich	 silver-copper	
matte	(partially	smelted	on	site)	would	no	 longer	take	
their	product.		
	
	

Figure	1	-	Letter	from	Francis	H.	Snow,	The	Electrolytic	
Refining	&	Smelting	Co.	of	Australia	Ltd.,	to	Edgar	Hall,	Silver	

Spur	Mining	Co.,	11	August	1914	-	SLQ	2870/8131	

	
	
	
The	 country	 was	 at	 war,	 Australia	 had	 immediately	
joined	Britain	 in	action	against	Germany	and	 its	allies,	
and,	 surely,	 copper	 was	 an	 essential	 metal	 in	 any	
conflict?	 If	 we	 look	 back	 through	 the	 correspondence	
between	 the	 purchasing	 company	 and	 the	 Silver	 Spur	
Mine,	the	reason	becomes	apparent	(Figure	2).	Francis	
Snow,	 of	 the	 Electrolytic	 Refining	 and	 Smelting	
Company	 in	Port	Kembla,	NSW,	was	also	the	agent	 for	
Aron	Hirsh	&	Sohn	(Halberstadt,	Germany).	 In	 fact	the	
smelting	 company	 also	 had	 strong	 links	 to	 German	
interests	 and,	 although	 Silver	 Spur’s	 production	
actually	went	 to	Vivian	&	Son	 in	Swansea	 for	 refining,	
Hirsh	 &	 Sohn	 (major	 shareholders	 in	 the	 Electrolytic	
Co.)	were	part	of	a	system	which	had	been	in	a	position	
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to	 direct	minerals	 and	metals	 to	 Germany	 over	many	
years	from	the	late	19th	century	onwards.1	
	
Figure	2	-	Letter	from	Francis	H.	Snow	to	Edgar	Hall,	15	June	

1914	-	SLQ	2870/8131	

	
	
Clearly	 one	 would	 expect	 copper	 to	 be	 amongst	 the	
metals	 /	 minerals	 considered	 essential	 to	 the	 war	
effort,	 given	 its	 use	 in	 items	 such	 as	 brass	 shell	 and	
bullet	 cases,	 but	 what	 constituted	 the	 list	 of	 these	
strategic	minerals?	As	Roush	pointed	out	in	1939,	they	
might	 include	 anything	 which	 contributed	 to	 the	
progress	of	a	conflict,	“be	it	toothpaste	or	TNT”	but	the	
term	 ‘strategic’	 might	 be	 limited	 to	 the	 requirements	
for	 a	 munitions	 programme	 such	 as	 “iron	 and	 steel,	
manganese,	copper,	 lead,	zinc,	 tin,	antimony,	 tungsten,	
and	a	number	of	 others,	 some	of	major	 importance	 in	
the	war	 program”.2	Such	 a	 list	 provides	 a	 vast	 subject	
area	to	study	so,	here,	it	will	focus	on	iron	ores	and	the	
essential	 steel	 making	 alloys	 -	 tungsten,	 manganese,	
chrome	and	nickel.	
	
	
Iron	ore	supply	
	
In	 the	 run	up	 to	 the	First	War,	 in	1914,	Germany	was	
better	placed	than	other	European	countries,	including	
Britain,	 when	 it	 came	 to	 self-sufficiency	 in	 iron	 ores	
suitable	 for	 steel	 making.	 Since	 the	 Franco-Prussian	
War	of	1871,	Alsace-Lorraine	with	 its	 substantial	 iron	
deposits	 had	 been	 in	 German	 hands	 -	 a	 move	
specifically	 planned	 to	 ensure	 that	 Germany	 acquired	
all	 the	 known	 iron-deposits	 in	 that	 region.3	Using	 the	
phosphoric	 self-fluxing	 ‘minette’	 ores	 from	 Alsace-
Lorraine,	Germany	took	full	advantage	of	the	Gilchrist-
Thomas,	basic	Bessemer	bulk	steel	process	to	become	a	
world	 leader	 in	steel-making.	Nevertheless,	 in	1913,	 it	
had	 to	 import	around	12	of	 the	47	million	 tons	of	ore	

                                            
1	Ekland,	E.	‘Port	Kembla's	Uncertain	Industrial	
Beginnings’,	pp.	15-16.	Kerr,	R.	S.	‘The	German	Demand	
for	Wolfram,	Tin	and	Copper	from	North	Queensland	
1890	-	1914’,	p.	72	
2	Roush,	G.	A.	Strategic	Mineral	Supplies,	p.	2	
3	Roesler,	M.	The	Iron-Ore	Resources	of	Europe,	p.	55-56	

used	in	the	industry,	but	only	a	third	of	those	imported	
ores	 were	 non-phosphoric,	 such	 as	 hematite.4	Britain,	
by	 contrast,	 relied	 primarily	 on	 imported	 non-
phosphoric	ores.	
	
In	 1856,	 the	 failure	 of	 the	 early	 Bessemer	 process	 to	
successfully	convert	pig	 iron	smelted	 from	phosphoric	
ores	set	the	British	steel	industry	on	a	path	that	would	
place	a	high	reliance	on	imported	iron	ores.	In	the	third	
quarter	 of	 the	 19th	 century	 low	 phosphor	 ores	 were	
available	 to	 the	 industry	 in	 sufficient	quantities	 in	 the	
form	 of	 hematite,	 from	 mines	 in	 south	 Wales	 and,	
primarily,	 those	 on	 the	 north-west	 coast	 of	 England,	
along	with	small,	but	 significant,	 amounts	of	 imported	
ore.	 Although	 Bessemer	 steel	 was	 slow	 in	 being	
adopted,	 and	 suffered	 from	 poor	 quality	 control,	 it	
nevertheless	 stimulated	 demand	 for	 those	 low	
phosphor	 ores.	 Demand	 further	 increased	 after	 1868,	
and	 the	 development	 of	 the	 Siemens	 open-hearth	
process.	 Production	 of	 Siemens	 steel	 was	 slower,	
controllable,	 and	 better	 able	 to	 provide	 a	 consistent	
product.		It	still	required	pig	iron	low	in	phosphor	but,	
in	addition,	it	could	process	a	high	proportion	of	scrap	
iron	and	steel.	These	were	later	collectively	referred	to	
as	the	‘acid’	steel	processes.	
	
Although	 Britain	 had	 substantial	 deposits	 of	
phosphoric	 iron	 ore,	 in	 the	 Cleveland	 area	 of	 north-
west	 Yorkshire	 and	 along	 the	 ‘Jurassic	 Scarp’	 from	
Lincolnshire	 south	 into	 Oxfordshire,	 its	 steel	 industry	
made	 only	 limited	 use	 of	 those	 ores	 after	 the	
development	 of	 the	 Gilchrist-Thomas	 basic	 processes	
from	1879	onwards.	As	Table	1	illustrates,	the	industry	
became	heavily	reliant	on	imported	low	phosphor	ores,	
resulting	 in	 a	 preference	 for	 steel	 works	 in	 coastal	
locations	 close	 to	 sources	 of	 coal	 -	 sites	 such	 as	 Port	
Talbot	 in	 South	 Wales,	 or	 Middleborough	 and	
Sunderland	on	the	northeast	coast	of	England.	
	
	
British	responses	 to	changes	 in	demand	 -	 the	First	
World	War	5	
	
At	 the	opening	of	 the	First	War	 in	1914	Britain	 found	
itself	 short	 of	 steel	 suitable	 for	 the	 rapidly	 increasing	
demands	 of	 the	munitions	 industry.	 In	 particular,	 the	
specification	 for	 shells	 was	 based	 on	 steel	 from	 the	
‘acid’	 processes.	 	 This	 was	 modified,	 after	
experimentation,	 to	 allow	 for	 the	 use	 of	 the	 basic	
product	 but	 it	was	 increasingly	 necessary	 to	 resort	 to	
imported	 steel.6		 Although	 the	 Basic	 Iron	 Programme	
ensured	 that	 there	 was	 change,	 ‘acid’	 processes	
continued	to	dominate	all	forms	of	steel	production	up	

                                            
4	Department	of	Scientific	and	Industrial	Research,	Report	
on	the	Sources	and	Production	of	Iron	and	other	
Metalliferous	Ores,	p.	70	
5	This,	and	subsequent	sections	on	the	British	response,	
draws	to	a	large	extent	on	work	done	in	2005	-	see	
Claughton,	‘New	techniques,	new	sources’.	
6	Hatch,	F.	H.	The	Iron	and	Steel	Industry	of	the	United	
Kingdom	under	War	Conditions,	pp.	7-12.	
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to	 the	 last	 year	 of	 the	war;	 and	 that	meant	 increased	
reliance	 on	 ore	 imports	 which	 briefly	 rose	 to	 a	 new	
high	point	at	7,646,264	tons	 in	1916.	 	The	West	Coast	
hematite	 mines	 responded	 with	 a	 moderate	 increase	
during	 1915,	 generated	 by	 robbing	 pillars	 of	 ore	 in	
abandoned	 mines	 which	 lacked	 any	 reserves,	 but	
production	had	 fallen	back	 to	1,515,877	 tons	 in	1918,	
over	 100	 thousand	 tons	 less	 than	 at	 the	 start	 of	 the	
war.		Considerable	reserves	had	been	identified	before	
the	 war	 but	 working	 them	 was	 a	 labour	 intensive	
activity	 and	 the	 West	 Coast	 mines	 suffered	 from	 a	
shortage	of	skilled	miners	throughout	the	war.	
	
In	1917,	 in	response	to	the	rise	 in	 imports,	 the	British	
government	made	a	concerted	effort	 to	 increase	home	
production.	 The	 Mining	 Section	 of	 the	 Ministry	 of	
Munitions	 investigated	 numerous	 potential	 sources,	
mainly	 abandoned	 mines,	 but	 found	 no	 prospect	 of	
immediate	returns.	 	There	was	potential	for	expansion	
in	 the	 supply	of	ore	 from	Cleveland	but,	 like	 the	West	
Coast	 hematite	 mines,	 the	 field	 suffered	 from	 a	
shortage	of	 skilled	miners	and	production	actually	 fell	
by	 nearly	 20%	 to	 just	 over	 4.5	 million	 tons	 in	 1918.	
Output	 from	 the	 Forest	 of	 Dean	 did	 nearly	 quadruple	
but	would	only	account	for	a	maximum	of	22,990	tons	
in	1917.	 	Only	 the	 Jurassic	Scarp	 in	 the	Midlands	held	
significant	 accessible	 reserves.	 Production	 there	 had	
fluctuated,	 increasing	 only	 a	 little	 over	 the	 first	 three	
years,	and	stood	at	6,280,174	tons	in	1916,	only	3%	of	
which	was	 from	 underground	working.	 	 By	 increased	
mechanisation,	 opening	 up	 new	 quarries,	 using	
unskilled	 labour,	 and	 improving	 transport,	 production	
was	 increased	to	7,225,476	tons	 in	1918;	contributing	
to	 an	 increase	 of	 nearly	 50%	 in	 basic	 pig	 production	
over	the	war	years.7	
	
	
The	French	response	in	the	First	World	War	
	
Prior	 to	 First	 World	 War,	 despite	 the	 loss	 of	 Alsace-
Lorraine,	 France	 had	 perhaps	 the	 second	 or	 third	
largest	 known	 reserve	 of	 iron	 ores	 of	 any	 of	 the	
combatants,	including	the	USA.8	Yet	its	response	to	the	
demand	 for	 increased	 supplies	 of	 iron	 and	 steel	 was	
rather	 forced	 on	 it	 when,	 in	 1914,	 the	 Germans	
advanced	 across	 the	 northern	 part	 of	 the	 country.	
Although	 the	 advance	 was	 halted	 with	 the	 aid	 of	 the	
British	 Expeditionary	 Force	 (BEF),	 the	 front	 line	 from	
1914	through	to	the	end	of	the	war	cut	off	France	both	
from	significant	 supplies	of	 iron	ore	 and	 coal,	 and	 the	
major	 steel	 producing	 plants	 that	 had	 relied	 on	 those	
supplies	 (Figure	3).	The	 loss	of	 access	 to	 the	 ‘minette’	
ores	 of	 the	 Briey	 mining	 field,	 and	 those	 in	 nearby	
Luxembourg,	 had	 a	 major	 impact	 (as	 illustrated	 in	
Figure	4).	In	the	west	of	France,	in	parts	of	Normandy,	
Anjou	 and	 Brittany,	 there	 were	 lesser	 deposits	 of	
phosphoric	 ores	 but	 the	 other	 fields,	 in	 l’Indre,	 Gard,	
Lot-et-Garonne,	 and	Pyrénées-Orientales,	 all	 produced	

                                            
7	Mines	and	Quarries:	General	Reports;	and	Hatch,	Iron	
and	Steel	Industry,	pp.	66-87.	
8	Roesler,	M.	The	Iron-Ore	Resources	of	Europe,	p.	55	

non-phosphoric	 ores.	 Together	 they	 produced	
insufficient	quantities	to	satisfy	the	surviving	elements	
of	 the	 French	 steel	 industry.	 Expansion	 of	 production	
from	these	lesser	fields	was	hampered	by	a	shortage	of	
skilled	 manpower,	 and	 older	 miners	 along	 with	
prisoners	of	war	were	employed	to	fill	the	gap.	Imports,	
primarily	 from	Spain	 and	Portugal,	 increased	 to	 cover	
the	 short-fall.9	But,	 inevitably,	 France	 would	 have	 to	
rely	on	imported	steel	for	its	wartime	industry.	
	
There	 were	 only	 two	 new	 iron	 mining	 concessions	
granted	during	the	course	of	the	war,	Péraube	in	Haut-
Garonne	 and	 Planèze	 in	 Pyrénées-Orientales,	 both	 of	
them	 in	 1917.	 The	 latter	made	 a	 limited	 contribution,	
with	 a	 production	 of	 27,660	 tonnes	 in	 1918.	 But,	 as	
Figure	 4	 illustrates,	 the	 low-phosphor	 ores	 of	 the	
Pyrénées-Oritentales	were	insignificant	compared	with	
the	 loss	 of	 the	 ‘minette’	 ore	 of	 the	 north-east.	
Nevertheless	 output	 from	 the	 department	 nearly	
doubled	 between	 1914	 and	 1917,	 with	 nine	 larger	
mines	producing	between	15	and	35,000	tons,	and	one	
at	 over	 60,000	 tons	 in	 1918. 10 	This	 was	 quite	 a	
respectably	recovery	as	in	1914	output	from	the	mines	
in	Pyrénées-Orientales	had	fallen	from	137,602	tonnes	
in	 the	 first	half,	 to	70,509	tonnes	 in	 the	second	half	of	
the	 year	 after	 the	 outbreak	 of	 the	 war	 -	 affected,	 no	
doubt,	by	the	conscription	of	men	for	front-line	duty.11	
By	 the	 end	 of	 the	 war,	 the	 labour	 shortage	 was	 such	
that	 soldiers,	 with	 wounds	 that	 prevented	 them	 from	
fighting	 on	 the	 front,	were	 redeployed	 to	work	 in	 the	
mines.12	
	
One	 of	 the	 problems	 faced	 by	 the	mines	 in	 Pyrénées-
Orientales	was	that	of	transport.	The	mines	are	largely	
located	 at	 high	 altitude	 in	 the	 mountains,	 some	
distance	 from	 railways	 in	 the	 narrow	 valleys	 of	 the	
Téch,	Têt	and	Agly.	From	the	 turn	of	 the	19th	century	
the	movement	of	ore	from	the	mines	to	railway	was	by	
aerial	 ropeway,	 some	 of	 them	 of	 staggering	 length,	
gradient	 and	 complexity.	 The	 two	 largest	 iron	mining	
concessions	on	the	south-eastern	slopes	of	the	Canigou,	
Las	 Indis	 et	 Roques-Négres	 (general	 known	 today	 as	
Batère)	 and	 La	 Pinouse	 et	 Sarrate-Magre,	 were	
connected	by	ropeway	to	the	railway	in	the	Tech	valley	
at	 Arles-sur-Tech	 and	 Amilies-les-Bains	 respectively,	
the	latter	involving	two	sections	of	ropeway	connected	
by	 around	 10	 km	 of	 narrow	 gauge	 railway	 at	 1180	
metres	 above	 sea	 level.	 These	 ropeways,	 dating	 from	
around	 1900,	 were	 built	 with	 a	 steel	 infrastructure	
whereas	 the	 ropeway	 on	 the	 wartime	 concession	 at	
Planèze,	 in	 the	Agly	valley,	used	wood	 -	a	 symptom	of	
wartime	shortages.	
	
	
Steel	 making	 alloys	 during	 the	 First	World	War	 –	
tungsten	and	manganese	

                                            
9	Statistique	de	l’industrie	minérale,	1914-18,	pp.	11-16	
10	Ibid,	p.	51	
11	Ibid,	p.	119	
12	Pers	comm	-	Bernard	Nicolau,	Abbey	St	Michel	de	Cuixà,	
9	April	2015	
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Whilst	 Germany	 had	 significant	 iron	 ore	 reserves	
within	 its	 frontiers	 it	was	 also	 in	 a	 position	 to	 exploit	
the	 French	 Briey	 ‘minette’	 ore	 field	 despite	 its	
proximity	 to	 the	 front	 line	 and	 the	 determined	
resistance	 of	 the	 fortress	 at	 Verdun	which	 could	 have	
controlled	 access	 to	 the	 ore	 field.	 Under	 German	
control	 the	 Briey	 field	 produced	 some	 14,000,000	
tonnes	 of	 ore	 during	 the	 war.13	This	 was	 more	 than	
Germany	 had	 imported	 from	 that	 field	 in	 a	 similar	
period	before	the	war	and	more	than	compensated	for	
the	 drop	 in	 the	 quantity	 of	 iron	 ores	 that	 could	 be	
imported	 without	 interruption	 from	 neutral	 Sweden.	
Its	importance	was	highlighted	in	December	1916,	“the	
Briey	basin	is	 important	to	guarantee	our	military	and	
economic	 independence”	 and	 Germany	would	 seek	 to	
retain	 it	 should	 the	war	 swing	 in	 its	 favour.14	But	 the	
real	problem	for	the	German	steel	industry	throughout	
the	First	War	was	its	lack	of	access	to	the	essential	alloy	
metals	or	their	ores.	
	
In	the	early	years	of	the	war	the	ores	of	some	essential	
steel	 alloying	 metals,	 such	 as	 nickel,	 did	 slip	 into	
Germany	 through	 neutral	 countries, 15 	but	 advanced	
planning	 meant	 that	 the	 country	 had	 significant	
stockpiles	with	which	to	prosecute	the	initial	phases	of	
the	war,	with	 the	prospect	of	 a	 swift	victory.	The	pre-
war	 control	 of	 tungsten	 deposits	 as	 far	 afield	 as	
Australia	has	been	referred	to	above,	and	Germany	had	
sufficient	 manganese	 in	 stock	 to	 sustain	 steel	
production	for	up	to	ten	months,	in	addition	to	which	it	
acquired	 stock	 from	 Belgium	 and	 northern	 France	 in	
the	 initial	 advance.	Manganese	was	 a	 key	 essential	 in	
steel	making,	 not	 only	 as	 a	 hardening	 alloy	 but,	more	
important,	 as	 a	 deoxidiser.	 For	 the	 latter	 purpose,	
Germany	 could	 fall	 back	 on	 low-grade	manganiferous	
iron	 ores	 as	 a	 substitute	 and	 did	 also	 utilise	 some	
manganese-rich	blast	furnace	slag	for	that	purpose.	16		
	
In	 Britain	 the	 easily	 accessible	 supplies	 of	manganese	
ore	in	the	South-West	of	England	had	been	worked	out	
by	 the	 late	 19th	 century.	 It	 could,	 however,	 call	 on	
massive	 deposits	 in	 India	 and	 it	 had	 a	 small	 useable	
supply	on	home	soil,	in	North	Wales.	The	latter	worked	
stratified	 deposits	 in	 the	 Harlech	 Grit	 Series	 –	
manganese	carbonate	with	the	black	manganese	oxides	
as	 a	 weathering	 product	 –	 around	 20-30%	 metal	
content.	They	had	been	at	their	most	productive	in	the	
early	 years	 of	 the	 20th	 century	 –	 the	 stimulant	 then	
being	 the	 demand	 for	 manganese	 during	 the	 Russo-
                                            
13	Streit,	Where	the	Iron	is,	p.	4;	in	this	pamphlet,	Streit	
questions	the	policy	in	France	during	the	war,	regarding	
iron	and	steel	production	and	its	supply	of	essential	
minerals,	which	left	the	Germans	in	uncontested	
possession	of	the	Briey	fields,	only	25	to	30	km	from	the	
front	line.	
14	Ibid,	p.	5,	citing	the	‘Popular	Gazette’	of	Cologne.	
15	Ibid,	p.	17	
16	Department	of	Scientific	and	Industrial	Research,	
Report	on	the	Sources	and	Production	of	Iron	and	other	
Metalliferous	Ores,	p.	135	

Japanese	War	 –	 around	 20,000	 tons	 per	 annum	 at	 its	
height.	At	the	outbreak	of	the	First	War	UK	production	
was	at	only	3437	tons	but	by	1918	(largely	as	the	result	
of	increased	production	from	North	Wales	–	see	Figure	
6	 for	 the	 location	 of	 the	 mines	 in	 Merioneth)	 it	 had	
reached	 nearly	 17,500	 tons	 -	 but	 still	 only	 3.5%	 of	
wartime	demand!17	
	
For	 the	 Allies,	 the	 main	 sources	 of	 tungsten	 ores	
(principally	wolframite	and	scheelite)	were	within	 the	
British	Empire	–	Burma	and	Australia	 –	with	Portugal	
(which	 joined	 the	Allies	 in	 1916)	making	 a	 significant	
contribution.	 There	were	 deposits	 in	 Cornwall,	 where	
the	 ores	 were	 found	 in	 close	 association	 with	 tin	
deposits,	 and	 in	Cumberland	 (Carrock	Fell).	The	 latter	
had	been	productive	under	German	management	in	the	
early	 years	 of	 the	20th	 century	but	 failed	 to	make	 any	
significant	 contribution	 during	 the	 First	 War	 (see	
Figure	7).	
	
	
Planning	for	peace,	or	war?	
	
With	 the	cessation	of	hostilities	on	 the	11th	November	
1918	 the	 demand	 for	 strategic	 minerals,	 particularly	
the	 steel	 making	 alloys,	 dropped	 dramatically	 and	
production	 followed	 suite.	 Existing	 wartime	 contracts	
were	fulfilled	and	the	products	released	onto	the	open	
market,	 resulting	 in	 falling	 prices	 which	 made	 the	
marginal	 deposits,	 including	 many	 in	 the	 UK,	
uneconomic	 (see	 Figures	 7	 and	 8).	 A	 good	 example	 is	
that	 for	 zinc	 production,	 which	 was	 drastically	
undercut	 by	 that	 from	 Broken	 Hill	 in	 western	 New	
South	 Wales,	 Australia,	 where	 an	 existing	 contract	
resulted	 in	 a	 massive	 over	 supply	 of	 high	 grade	
concentrates.	
	
With	the	concept	of	‘mineral	independence’	in	mind	the	
survey	of	home	and	international	resources,	initiated	in	
the	UK	during	the	war	by	the	Geological	Survey	with	a	
series	 of	 Special	 Reports	 on	 the	 Mineral	 Resources	 of	
Great	Britain	starting	with	the	first	edition	of	Dewey	&	
Dines,	 Tungsten	 and	 Manganese	 Ores	 in	 1915,	 was	
expanded.	The	Department	of	 Scientific	 and	 Industrial	
Research	 followed	 with	 its	 Report	 on	 the	 Sources	 and	
Production	of	 Iron	and	other	Metalliferous	Ores	used	 in	
the	 Iron	 and	 Steel	 Industry	 in	 1918,	 evaluating	
resources	outside	the	UK.	The	United	States	of	America	
also	 began	 assessing	 the	 resources	 available,	 not	 only	
their	home	resources	but	also	those	of	Europe,	and	the	
subsequent	publications	have	provided	a	useful	source	
of	 historical	 information.18	Thus,	 by	 the	 late-1930s,	 as	
prospects	 for	 another	 conflict	 were	 looming,	
governments	 were	 well	 aware	 of	 the	 resources	
available	to	them.	
	
As	 the	 German	 economy,	 including	 its	 steel	 industry,	
strengthened	 under	 the	 Nazi	 government’s	
regenerative	 plans,	 it	 moved	 towards	 the	 creation	 of	

                                            
17	Dewey	&	Dines,	Tungsten	and	Manganese	Ores	
18	See,	for	example,	Roesler,	Iron	Ore	Resources	of	Europe.	
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areas	 of	 economic	 interest.	 Frequently	 referred	 to	 as	
the	 Reichsmark	 bloc,	 this	 included	 Bulgaria,	 Greece,	
Hungary,	 Romania,	 Turkey	 and	 Yugoslavia.19	All	 were	
potential	 sources	 of	 strategic	 minerals	 within	 a	
hinterland	 theoretically	 less	 vulnerable	 to	 blockade.	
Germany	 was,	 again	 in	 a	 position	 to	 rearm	 and	
stockpile	essential	metals	in	advance	of	conflict.	
	
For	Britain,	the	severe	depression	in	world	trade	in	the	
1920s	 resulted	 in	 a	major	 reduction	 in	 iron	 and	 steel	
production,	 and	 the	 demand	 for	 iron	 ores.	 As	 the	
economy	 recovered	 in	 the	 1930s	 the	 British	 industry	
took	the	opportunity	 to	rationalise	and	modernise	but	
its	ore	supply,	including	alloy	minerals,	continued	to	be	
import	 led.	UK	demand	for	alloy	minerals	 in	the	 inter-
war	 period	was	 supplied	 predominantly	 from	 Empire	
sources,	 but	 by	 the	 mid-1930s	 home	 production	 of	
tungsten	ores	was	 rising	 to	wartime	 levels	–	256	 tons	
in	1935,	perhaps	5%	of	demand.20	Iron	ore	supply	from	
Spain	was	 reduced	 as	 a	 result	 of	 the	 civil	war	 in	 that	
country	 but	 compensated	 for	 by	 increased	 imports	
from	 Tunisia,	 Algeria,	 and	 Sweden,	 with	 new	 ore	
sources	 in	 Brazil.	 By	 1936,	 the	 tonnage	 imported	 had	
increased	over	that	for	1929.21		
	
	
Iron	 ore	 supply	 -	 British	 responses	 to	 changes	 in	
demand	-	the	Second	World	War	
	
The	 British	 steel	 industry	 had	 recovered	 better	 than	
most	 from	 the	 effects	 of	 the	 inter-war	 depression.	
There	was	 new	 capacity	 and,	with	 the	 building	 of	 the	
Corby	 works	 in	 the	 early	 30s,	 it	 was	 in	 a	 position	 to	
develop	 an	 under-used	 source	 of	 ore	 -	 the	
Northampton	 Sand	 Ironstone.	 The	 Northampton	 Sand	
had	been	worked	as	a	source	for	local	 iron	production	
since	 the	1850s,	 and	 the	development	of	 railways	had	
allowed	increasing	amounts	to	be	shipped	to	ironworks	
on	 the	coalfields,	but	 the	construction	of	Stewarts	and	
Lloyds’	 plant	 at	 Corby	marked	 a	 significant	 change	 in	
the	use	of	the	ironstone.	Corby	was	an	integrated	plant,	
with	 blast	 furnaces,	 Bessemer	 and	 electric	 furnaces,	
along	with	 the	necessary	coke	ovens,	 rolling	mills	and	
tube	 works,	 specifically	 designed	 to	 exploit	 the	 high	
phosphor	Northampton	Sand	Ironstone.22	
With	 the	 outbreak	 of	 the	 2nd	 World	 War	 in	 1939	
imports	of	ores	into	Britain	were	severely	restricted.	As	
Figure	5	illustrates,	 imports	from	Spain	had	decreased	
dramatically	 in	 the	 inter-war	 period	 and	 Britain	 was	
dependent	 primarily	 on	 Sweden,	 France	 and	 French	
North	 Africa	 for	 supplies	 (3,019,500	 tons	 in	 1938	 –	
over	69%	of	total	imports);	sources	which	were	quickly	
denied	to	the	industry	as	a	result	of	the	conflict.		Home	
production	 did	 increase	 significantly	 (a	 rise	 of	 over	 5	
million	tons	by	1941)	and	more	than	compensated	for	

                                            
19	Abelshauser,	‘Germany:	guns,	butter,	and	economic	
miracles’,	pp.	141-51	
20	Roush,	Strategic	Mineral	Supplies,	p.	140,	Table	1a	
21	Burn,	The	Economic	History	of	Steelmaking,	p.497	
22	Hollingworth	&	Taylor,	Northampton	Sand	Ironstone,	
pp.	55-57.	

the	 loss	of	 imports.	The	 increase	 came	primarily	 from	
the	 Jurassic	 Scarp,	 in	 particular	 from	workings	 on	 the	
Inferior	 Oolite	 ironstones	 (the	 Northampton	 Sand	
formation)	 of	 south	 Lincolnshire,	 Northamptonshire	
and	 Rutland.	 Production	 from	 Cleveland	 increased	
marginally	 but	 had	 fallen	 back	 by	 1945	 and	 output	
from	 hematite	mines	 on	 the	West	 Coast	 and	 in	 south	
Wales	 actually	 dropped	 to	 about	 50%,	 of	 1939/40	
levels,	by	the	end	of	the	war.		
	
That	 the	 extraction	 of	 the	 Northampton	 Sands	
Ironstone	 increased	 dramatically	 from	 1939	 onwards	
is	primarily	due	to	the	methods	of	working	–	opencast,	
with	 extensive	 mechanisation.	 Using	 a	 standardised	
method	 of	 operation	with	 a	 curved	working	 face,	 and	
temporary	 standard	gauge	 rail	 lines	up	 to	 the	 face	 for	
the	 removal	 of	 both	overburden	and	 ironstone,	 it	was	
possible	to	use	a	combination	of	drag-lines	and	quarry	
shovels	 to	 reduce	manual	 involvement	 to	 a	minimum.	
With	 the	 draglines	 then	 in	 use	 it	 was	 possible	 to	
remove	 up	 to	 55	 feet	 (16.5	metres)	 of	 overburden	 in	
one	 cut	 and,	 with	 a	 separate	 stripping	 operation	 in	
advance	of	 the	main	cut,	 it	was	possible	 to	remove	up	
to	 85	 feet	 (25.5	 metres);	 reducing	 the	 need	 for	
underground	 mining.	 By	 the	 early	 1940s	 the	
Northampton	 Sands	were	 supplying	 up	 to	 50%	of	 the	
ore	 required	 by	 the	 industry	 and	 the	 bulk	 of	 the	
product	 was	 basic	 steel,	 some	 sixty	 years	 after	 the	
Gilchrist	Thomas	basic	process	was	developed!	
	
Although	Britain	had	significantly	reduced	its	import	of	
iron	ores,	it	still	had	only	very	limited	home	sources	for	
the	 steel	making	 alloys.	Manganese	 and	 tungsten	 ores	
continued	 to	 be	 required	 but	 the	 demand	 for	 other	
alloys	 required	 for	 armament	 steels,	 particularly	
chromium	and	nickel,	had	increased	in	the	1930s.	Both	
had	 been	 used	 in	 the	 First	 War	 but	 not	 on	 the	 same	
scale,	 and	 chromite	 (the	principal	 chromium	ore)	was	
primarily	 used	 as	 a	 refractory	material	 rather	 than	 as	
an	alloy.	
	
	
Steel	 alloys	 during	 the	 Second	 World	 War	 –	
chromite,	nickel	and	tungsten	(again)	
	
The	 value	 of	 chromite,	 its	 steel	 hardening	 properties	
and	the	availability	of	resources	was	brought	into	focus	
during	the	early	part	of	the	Second	World	War.	 	Of	the	
major	 combatants	 only	 Japan	 and	 the	 Soviet	 Union	
could	 rely	 on	 sources	 within	 their	 home	 territory.		
Japan	had	up	to	nineteen	chromite	mines	 in	operation	
during	 the	war	 on	 the	 home	 islands,	 with	 production	
peaking	 at	 38.10	 thousand	 tonnes	 in	 1944.	 23 	The	
location	of	Soviet	sources	was	well	to	the	east,	clear	of	
the	 front	 line	 in,	 for	 example,	 the	 southern	 Urals;	 but	

                                            
23	Based	on	a	search	of	US	National	Archives,	including	
those	mines	under	US	control	immediately	after	the	war.	
See	Schmitz,	Production	and	Prices,	p.	58,	for	production	
figures.	
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wartime	 production	 figures	 are	 unclear.24		 Germany	
relied	to	a	large	extent	on	imports	from	Turkey	but	was	
effectively	denied	 full	access	 to	 that	source	 from	1941	
by	British	economic	action.		Germany	also	acquired,	by	
occupation,	 other	 Balkan	 deposits	 in	 Greece	 and	
possibly	in	Albania	but	 it	 is	unclear	how	effective	they	
were	at	exploiting	those	deposits.	
	
The	 UK,	 its	 dominions,	 and	 the	 USA	 relied	 largely	 on	
sea	 borne	 imports	 of	 chromite,	 resources	which	were	
vulnerable	 to	 enemy	 attack	 either	 in	 transit	 or	 at	
source.	 Chromite	 acquired	 from	 Turkey	 or	 mined	 in	
Cyprus	 would	 be	 vulnerable	 to	 attack	 whilst	 being	
shipped	 through	 the	 Mediterranean	 and	 through	 the	
eastern	Atlantic,	as	would	other	shipments	from	Africa	
and	the	Pacific.	Although	the	shipping	risks	were	high,	
the	agreement	with	neutral	Turkey	 for	 the	acquisition	
of	chromite	had	the	additional	benefit	of	denying	those	
resources	 to	 Germany;	 perhaps	 one	 of	 the	 first	
examples	 of	 ‘economic	 warfare’	 in	 the	 20th	 century.25	
By	 early	 1942	 the	 New	 Caledonian	 deposits,	 both	
chromite	and	nickel,	 on	French	 territory	 in	 the	Pacific	
to	 the	 north-east	 of	 Australia,	 were	 under	 real	 threat	
from	 the	 Japanese	 advances.	 Those	deposits	 had	been	
of	 significant	 value	 to	 Japan,	 producing	 around	 3000	
tons	of	nickel	 ores	per	year,	 in	 addition	 to	 substantial	
amounts	 of	 iron	 ores,	 from	 Japanese	 owned	mines	 on	
the	 islands	 and	 purchasing	 around	 65,000	 tons	 from	
other	 mines	 from	 1938	 onwards	 for	 export	 to	 Japan.	
From	1940	the	territory	was	however	controlled	by	the	
French	government	 in	exile	 (under	General	de	Gaulle)	
and	export	to	Japan	was	curtailed.	The	mines	were	also	
a	 significant	 source	 for	 steel	 production	 in	 Australia,	
Britain	and	the	USA,	and,	should	the	Japanese	advance	
to	 within	 striking	 distance,	 plans	 were	 in	 place	 to	
destroy	 all	 the	 facilities. 26 	Considerable	 effort	 was	
therefore	 put	 into	 identifying	 alternative	 or	 increased	
production	 from	deposits	within	 the	 home	 territories,	
and	available	chromite	resources	were	directed	 to	 the	
safest	destination	(Figure	9).	New	sources	were	sought	
in	 the	 UK;	 Australian	 and	 Canadian	 deposits	were	 re-
examined	 with	 a	 view	 to	 expanding	 production,	 and	
there	appears	to	have	been	a	re-evaluation	of	deposits	
in	 California	 and	 elsewhere	 in	 the	 USA.	 The	 UK	
government	also	looked	to	Sierra	Leone	as	a	source	of	
chromite	closer	to	Britain	than	the	deposits	in	southern	
Africa.	However	 it	appears	clear	 that	South	Africa	and	
Southern	 Rhodesia	 provided	 the	 bulk	 of	 the	 chromite	
available	to	the	UK	steel	industry	during	the	war.27	
Despite	 the	 prominence	 of	 chromite	 and	 nickel,	
tungsten	 ores	 were	 still	 essential	 to	 armament	
production.	 Although	 Britain	 lost	 its	 main	 sources	 in	
south-east	Asia	as	a	result	of	Japanese	advances,	it	had	
other	 sources.	 German	 was	 not	 so	 well	 placed	 and	 it	
                                            
24	Jensen	et	al.,	Soviet	Natural	Resources	in	the	World	
Economy,	pp.	530-31	
25 Leitz, Nazi Germany and Neutral Europe during 
the Second World War, pp. 101-113 
26	National	Archives	of	Australia,	A2908/1/N34/2	and	
E41/12	
27	Schmitz,	Production	and	Prices,	p.	59	

relied	 almost	 entirely	 on	 ores	 from	 the	 Iberian	
Peninsula,	 neutral	 Portugal	 and	 neutral,	 but	
sympathetic,	 Spain,	which	 could	 be	 transported	 safely	
overland	 to	 Germany	 through	 occupied	 France.	
Although	 the	 Germans	 did	 find	 some	 alternatives	 to	
tungsten	 in	 steel	 hardening,	 the	 armour	 piercing	
qualities	of	German	anti-tank	munitions	was	based	on	
their	 tungsten	 carbide	 cores	 so	 continued	 supply	was	
essential	 to	 their	 continued	 supremacy	 in	 that	 area.	
Given	 the	 security	 of	 the	 German	 lines	 of	 supply	 the	
Allies	 had	 limited	 courses	 of	 action,	 and	 the	 British	
decided	 to	 use	 pre-emptive	 buying	 to	 divert	 the	 ores	
away	 from	 Germany.	 Economic	 sanctions	 had	 been	
used	to	ensure	Spain	remain	neutral	in	in	the	early	part	
of	the	war,	denying	it	supplies	of	oil	until	it	conformed.	
Renewed	 oil	 sanctions	 were	 considered	 in	 respect	 of	
tungsten	but	 the	United	States	were	persuaded	by	 the	
British	 that	 buying	 tungsten	 ores	 at	 a	 price	 the	
Germans	could	not	afford	was	the	best	course	of	action,	
and	 it	worked.	Ores	were	purchased	and	stockpiled	 in	
Spain,	 which	 gained	 significantly	 from	 taxation	 on	
production	 as	 small-scale	 mining	 expanded,	
encouraged	 by	 pre-emptive	 buying.	 By	 the	 end	 of	 the	
war,	 Germany	 was	 so	 desperate	 for	 tungsten	 that	 it	
resorted	to	importing	ores	by	submarine	from	Japan.28	
	
	
Post	war	uncertainty	
	
In	Britain	it	 is	evident	that,	despite	considerable	effort	
during	the	war	to	increase	production	of	hematite	ores	
for	 essential	 purposes	 by	 re-examining	 abandoned	
mines	 and	 new	 prospects,	 it	 was	 only	 the	 stratified	
resources	 which	 were	 capable	 of	 expansion	 to	 meet	
overall	 demand. 29 	The	 non-stratified	 deposits	 were	
nearly	 worked	 out.	 By	 1950	 home	 ore	 supply	 came	
from	 Mesozoic	 sources,	 primarily	 from	 the	 Midland	
counties	 –	 88.7%	 of	 12,963,000	 tons,	 with	 Cleveland	
accounting	for	7.9%.		
	
Hematite	reserves	were	assessed	at	only	5	million	tons	
in	 1958	 and,	 although	 a	 small	 number	 of	 mines	
continued	to	operate	into	the	latter	part	of	the	century,	
they	 were	 no	 longer	 important	 for	 British	 steel	
production	 as	 it	 moved	 to	 the	 use	 of	 electric	 refining	
furnaces.30	Although	 iron	 ore	 imports	 in	 the	 UK	 did	
increase	dramatically	after	1945	(see	Figure	5	above),	
the	continued	use	of	home	resources	from	the	Midland	
counties	was	ensured	for	the	immediate	future.	
	
The	mining	of	tungsten	ores	also	continued	in	the	UK	at	
Castle-an-Dinas	 (Cornwall)	beyond	 the	end	of	 the	war	
despite	 poor	 development	 results. 31 	Other	 tungsten	
producers	 such	as	Hemerdon	 (Devon)	were	placed	on	
care	and	maintenance,	with	the	dressing	plant	retained	

                                            
28	Caruana	&	Rockoff,	.A	Wolfram	in	Sheep’s	Clothing’.	
29	Groves,	Wartime	Investigations	into	Haematite	and	
Manganese	Ore	Resources	
30	Anon,	The	Iron	Ore	Industry	of	Great	Britain;	Iron	and	
Steel	Annual	Statistics,	(1959),	3-5.	
31	Brooks,	T.	Castle-an-Dina's,	pp.	69-71	
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intact.32	On	 the	whole,	metal	 prices	 did	 not	 fall	 at	 the	
end	of	 the	Second	War	as	they	had	after	the	First,	and	
within	 a	 few	 years	 renewed	 conflict	 in	 Korea	 was	
driving	 the	 price	 of	 tungsten	 in	 particular	 to	 new	
heights,	encouraged	by	stockpiling	in	the	USA.		
	
For	 the	 USA,	 stockpiling	 essential	 metals	 was,	 and	
continues	 to	 be,	 a	 way	 to	maintain	 a	 form	 of	mineral	
independence.	 Purchasing	 for,	 and	 release	 from,	 from	
the	 stockpile	 could	 influence	 major	 changes	 in	 world	
prices.33	In	 the	 late	 1950s,	 the	 end	 of	 the	Korean	War	
combined	with	a	release	of	metal	from	the	US	stockpile	
resulted	in	a	dramatic	fall	in	prices,	which	ended	home	
production	in	the	UK.	
	
	
Conclusions	
	
In	periods	of	conflict	even	iron	ores,	the	most	mundane	
of	 metalliferous	 minerals,	 became	 of	 strategic	
importance.	 Wars	 might	 be	 won	 or	 lost	 over	 the	
maintenance	of	 its	unrestricted	supply	 to	 the	 iron	and	
steel	industry.	The	same	is	even	more	in	evidence	with	
the	 steel	 making	 alloys	 essential	 to	 the	 armaments	
industry.	Ensuring	access	to	those	minerals	was	the	key	
to	mineral	 independence	 in	 the	periods	 leading	up	 to,	
and	 for	 the	 duration	 of,	 both	 the	 First	 and	 Second	
World	 Wars.	 Control	 of	 iron	 ore	 supply	 had	 been	 a	
German	economic	priority	from	the	1870s	onwards	but	
in	the	decades	before	the	First	War	it	had	also	achieved	
control	of	the	essential	alloy	minerals,	enabling	it	to	re-
arm	and	stockpile	metals	with	a	view	to	a	short	conflict.	
The	length	of	the	conflict	left	it	vulnerable	to	attacks	on	
resources	 close	 to	 the	 front	 line	 but	 the	 Allies,	 the	
French	 in	 particular,	 failed	 to	 take	 advantage	 of	 that	
opportunity.	The	loss	of	the	Briey	minette	iron	ore	field	
severely	 restricted	 the	 French	 iron	 and	 steel	 industry	
for	 the	 duration	 of	 the	 war	 despite	 increased	
production	 from	 alternative	 sources	 such	 as	 those	 in	
the	 Pyrénées-Orientales.	 Despite	 relying	 on	 imported	
ores,	 iron	 and	 the	 alloy	 minerals,	 Britain	 was	 much	
better	 placed	 to	 maintain	 production,	 and	 support	
France,	for	the	duration	of	the	conflict.	
The	concept	of	mineral	 independence	was	born	out	of	
the	 First	 War	 and	 would	 have	 influenced	 the	 Nazi	
government	 in	 German	 as	 it	 prepared	 for	 further	
conflict.	 A	 shift	 to	 the	 exploitation	 of	 home	 iron	 ore	
resources	allowed	Britain	to	sustain	production	of	steel	
at	 high	 levels	 throughout	 the	 Second	World	War,	 and	
the	 availability	 of	 the	 alloying	 minerals	 was	 maintain	
despite	the	 losses	and	threats	from	Japanese	advances	
in	the	Pacific.	The	application	of	economic	warfare	had	
an	 impact	 on	 Germany’s	 ability	 to	 establish	 mineral	
independence	 through	 its	 economic	 hinterland,	
restricting	 its	 imports	 of	 both	 chromite	 and	 tungsten	
ores.	
	
Mineral	 independence	 proved	 to	 be	 a	 fragile	 concept	
with	some	combatants	struggling	to	maintain	a	security	

                                            
32	Ibid,	pp.	128-29	
33	Perkins,	World	Metal	Markets	

of	 supply	 over	 long	 periods	 of	 conflict.	Whilst	 Britain	
had	 the	 advantage	 of	 access	 to	 resources	 overseas,	
Germany	in	both	the	First	and	Second	World	Wars	was	
restricted	to	resources	at	home	or	within	its	hinterland,	
placing	it	at	a	disadvantage	when	no	swift	victory	was	
achieved.	 Lessons	 were	 learned,	 if	 only	 by	 the	 USA	
which	 has	 chosen	 to	 maintain	 large	 stockpiles	 of	
strategic	 minerals	 and	 metals	 as	 a	 hedge	 against	
further	conflict.	
	
Working	on	the	2015	conference	presentation	and	this,	
the	subsequent	paper,	has	allowed	me	to	embrace	past	
research	 and	work	 from	 current	 projects	 (Figures	 10,	
11	and	12),	with	the	former	stretching	back	over	fifteen	
years.	 	 It	 has,	 however,	 become	 clear	 that	 strategic	
minerals,	 iron	 ore	 supply	 and	 their	 links	 to	 steel	
making	 is	 a	 subject	 which	 requires	 a	 great	 deal	 of	
further	work	to	allow	us	to	fully	understand	the	way	in	
which	 it	 influenced,	 and	 was	 influenced	 by,	 20th	
century	conflicts.	
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Table	1:	Supply	of	iron	ores	to	the	British	steel	industry,	selected	years	(tons).		
(after	Claughton,	P.		‘New	techniques,	new	sources’,	Table	II,	p.	284-85.)	
	 	 	 	
	 1885	

	
1895	 1915	

Coal	measure	
ironstones	

Scotland	 1,835,159	 824,673	 375,241	
S.	Wales	 60,964	 9,353	 7,985	
Staffs.	 1,866,528	 860,061	 702,320	
Yorks.	 126,596	 45,538	 23,851	
Others	
	

205,600	 69,815	 19,481	

Cleveland	
	

5,932,244	 5,285,617	 4,746,293	

West	Coast	hematite	mines		
(N.	Lancs.	And	Cumberland)	
	

2,437,521	 2,013,735	 1,656,484	

Forest	of	Dean	(Gloucs.)	
hematite	mines	
	

45,125	 29,772	 6,182	

Mines	and	quarries	on	the		
Jurassic	Scarp	in	the	English		
Midlands,	incl.	Wiltshire.	
	

2,751,918	 3,374,176	 6,563,954	

Other	mines	
	

156,327	 65,018	 133,221	

Imported	ores	
	

3,313,488	 4,450,311	 6,874,755	

Total	ore	available	to	the	
Iron	Industry	

18,721,117	 17,500,961	 21,108,083	

	 	 	 	
	

	
Figure 3 - Iron ore and coal - the position over the duration of the First War - after Burn, D. The Economic History of 

Steelmaking, 1867-1939, Fig. IV	
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Figure 4 – French iron ore production, 1900-21. Source - Statistique de l’industrie minérale 

 
	

	
	
	
	
	

Figure 5 – British iron ore imports. Source - Annual Statement of the Trade and Navigation 
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Figure	6	– The location of manganese workings in Merioneth, North Wales – from Dewey & Dines, Tungsten and Manganese 

Ores	

	
	
 
 

Figure 7 – Production of tungsten ores (tons) UK and Australia - Sources - Kalix et al. Australian Mineral Industry, pp. 437-41; 
Burt et al. Cornish Mines, p. l; Department of Scientific and Industrial Research Advisory Council, Report on the Sources and 

Production of Iron and other Metalliferous Ores; Roush, Strategic Mineral Supplies; Burt et al. The Cumberland Mineral 
Statistics, p. 22 
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Figure 8 – World production of chromite and steel – from Rouse, Strategic Mineral Supplies, p. 112	

	
	
 
 

Figure 9 – Raw Materials Chromite – cypher message copied to the Deputy High Commissioner, Australia House, London, 14 
June 1942 – extracted from a file of correspondence on the threat to New Caledonia and the supply of chromite and nickel ores, 

1941-42 (National Archives of Australia A2908/1/N34/2). 
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Figure	10	–	Silver	Spur	(Queensland)	–	dumps	of	slag	from	
the	copper/silver	smelting	process	provide	a	foreground	to	
the	remote	location	of	mines	typical	of	those	in	which	

German	companies	maintained	an	interest	in	the	years	prior	
to	the	First	World	War	(see	Claughton	and	Anguilano,	‘Silver	
in	Queensland’.	In	Claughton	&	Mills	(eds)	Mining	Legacies,	

Mining	History	19.3	(Summer	2015),	31-42).	
	
	

	
 
 
 
 

Figure	11	–	Arles-sur-Tech	(Pyrénées-Orientales,	France)	–	
the	lower	station	of	the	aerial	ropeway,	an	essential	

component	in	the	transport	of	iron	ores	from	the	mines	
at	Batère	at	up	to	1500	metres	above	sea	level	in	the	high	
mountains	of	the	Canigou	massif	(see	Claughton,	Figure	12a	

and	b	–	La	Bastide	(Pyrénées-Orientales,	France)	–	
components	of	the	narrow	gauge	railway	(a)	on	the	route	
between	the	iron	mine	of	La	Pinouse	and	the	ropeway	down	
to	Amelie-les-Bains,	and	the	associated	water-balanced	
incline	to	the	mine	at	Les	Manerots	(b),	still	survive	on	the	
eastern	slopes	of	the	Canigou	-	See	Claughton,	'Mining	in	the	
mountains:	the	development	of	aerial	ropeways	on	the	iron	
mines	around	the	Canigou	massif	(Pyrénées-Orientales,	

France)',	Proceedings	of	the	10th	International	Mining	History	
Congress,	Linares	(Spain),	September	2016	(Publicaciones	de	

la	Universidad	de	Jaén,	2018)	[PDF	document}	
URL	https://drive.google.com/file/d/1cU2RMaDxrSk0cLirg2

x_2mC6gqyn1QJ2/view	[accessed	30	January	2018]	
 
	

	
	
	

	
Figure	12a	and	b	–	La	Bastide	(Pyrénées-Orientales,	France)	–	
components	of	the	narrow	gauge	railway	(a)	on	the	route	
between	the	iron	mine	of	La	Pinouse	and	the	ropeway	down	
to	Amelie-les-Bains,	and	the	associated	water-balanced	
incline	to	the	mine	at	Les	Manerots	(b),	still	survive	on	the	
eastern	slopes	of	the	Canigou	(See	Claughton,	Mining	in	the	

Mountains). 
	

12a	

	
	
	
	
	
	
	
	
	

12b	
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The	North	Pennines	lead	industry	in	the	seventeenth	century	
	

Greg	Finch	
	
Editors	note:	In	the	time	that	has	elapsed	since	the	conference	Greg	Finch	has	undertaken	extensive	further	research	on	the	
development	of	the	North	Pennines	lead	industry	in	the	seventeenth	and	early	eighteenth	centuries	that	builds	upon	the	
summary	given	in	this	paper.	Some	of	this	new	work	will	feature	in	his	book	on	the	Newcastle	Blackett	family,	which	it	is	

hoped	will	be	published	in	2021. 
	 

	
	

Figure	1.	The	North	Pennines	lead	industry	in	the	seventeenth	century	

	
	
	

	
1	INTRODUCTION	
	
The	history	of	 the	 lead	 industry	 in	north-east	England	
has	 tended	 to	 focus	on	 its	well-documented	heyday	 in	
the	 eighteenth	 and	 nineteenth	 centuries.	 As	 early	 as	
1705,	 however,	 the	 outwards	 shipments	 of	 lead	 from	
Newcastle	 and	 Stockton,	 the	 principal	 regional	 ports,	
accounted	for	over	a	third	of	the	English	total	of	15,800	
tons.1	The	industry	grew	upon	foundations	laid	earlier,	
but	they	are	not	easy	to	trace.		
	
This	 study	 pieces	 together	 material	 from	 various	
fragmentary	 sources	 and	 some	 field	 evidence	 from	

                                            
1	Derived	 from	 port	 book	 records	 given	 in	 R.Burt,	 ‘Lead	
Production	 in	 England	 and	Wales,	 1700-1770’,	 Economic	

History	Review,	New	Series,	Vol.	22,	(1969),	p.	267		

across	 the	 regional	 landscape	 to	 sketch	 an	 outline	
picture	 of	 the	 industry’s	 development	 in	 the	 second	
half	of	the	seventeenth	century.2	It	identifies	some	key		

                                            
2	It	draws	upon	research	carried	out	as	part	of	a	Heritage	
Lottery	 funded	 conservation	 and	 heritage	 project	
between	 2012-5	 centred	 on	 the	 remains	 of	 Dukesfield,	
near	 Hexham	 in	 Northumberland,	 perhaps	 the	 region’s	
most	significant	seventeenth	and	eighteenth	century	lead	
smelting	 mill.	 Details	 of	 the	 ‘Dukesfield	 Smelters	 and	
Carriers	 Project’	 can	be	 found	at	www.dukesfield.org.uk.	
Amongst	the	many	who	have	collaborated	 in	one	way	or	
another	as	part	of	the	project,	I	am	particularly	grateful	to	
Tim	Barmby,	Alan	Blackburn,	Ray	Fairbairn,	Ian	Forbes,	Ian	
Hancock,	 Bill	 Heyes,	 Pete	 Jackson	 and	 Pete	 Lee	 for	 their	
insights	in	various	discussions	about	the	industry’s	history.	
They	are	not	responsible	for	any	of	the	conclusions	I	draw	
from	their	valuable	input.	
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features	 and	 then	 examines	 the	 central	 role	 of	 the	
Blackett	 family.	Much	 remains	 speculative	 for	want	 of	
more	 detailed	 research,	 and	 unapologetically	 so.	
Hopefully	 it	 will	 provoke	 further	 work	 to	 fill	 out	 the	
picture	or	to	revise	it,	for	enough	can	already	be	seen	to	

realise	the	formative	importance	of	this	period	to	what	
was	to	follow.		
	

	
	
	

Table	1:	lead	shipments	from	north-east	ports	(tons)	
	

	 Newcastle	 Sunderland	 Stockton	

	 Coastal	 Overseas	 Coastal	 Overseas	 Coastal	 Overseas	

1655	 30	 	 	 	 	 	

1661	 	 470	 	 	 	 	

1674	 160	 	 340	 	 400	 	

1675	 	 1,570	 	 1	 	 670	

1676	 60	 1,910	 230	 280	 350	 900	

1695	 	 2,430	 	 0	 	 2,120	

1696	 880	 	 0	 	 1,930	 	

1705	 -------------------------------	2,410	------------------------------	 -----------	2,960----------	

	
	

Source:	Exchequer	Port	Books,	The	National	Archives	(TNA)	E	190/	series;	1655:	192/11,	1661:	193/1,	1674:	
196/1,	1675:	196/2,	1676:	196/6	(overseas),	196/8	(coastal),	1695:	204/8,	1696:	205/6,	1705:	based	on	Burt	
op	cit.	See	note	4	for	treatment	of	fothers	and	tons.	Rounded	to	nearest	10	tons	

	
	
	
2	EXCHEQUER	PORT	BOOKS	
	
Some	 measure	 of	 the	 growth	 of	 lead	 mining	 and	
smelting	in	the	north-east	can	be	obtained	from	figures	
extracted	 from	a	 sample	of	 the	Exchequer	port	books,	
effectively	 supplementing	 the	 eighteenth	 century	
figures	analysed	by	Roger	Burt	by	peering	back	into	the	
previous	 century.	 This	 carries	 a	 number	 of	 risks,	 not	
least	 those	 arising	 from	 the	 patchy	 survival	 of	 the	
documents	 now	 in	 the	 National	 Archives,	 their	
legibility,	and	the	impact	of	foreign	wars	on	trade.		
	
The	 initial	 sample	 examined	was	 selected	 to	 avoid,	 as	
far	as	possible,	the	years	of	the	three	Anglo-Dutch	Wars	
between	 the	 1650s	 and	 1670s,3	but	 only	 for	 1676	 do	
we,	so	 far,	have	outwards	shipments	 to	both	domestic	
and	 overseas	 destinations.	 The	 amount	 of	 lead	
consumed	 locally,	 and	 therefore	 not	 visible	 in	 the	
shipping	data,	is	unknown.	While	this	might	have	been	
only	a	small	fraction	of	the	total	–	even	Newcastle	was	
surely	 a	 small	 market	 for	 lead	 used	 in	 buildings	
compared	the	London	and	the	major	cities	of	Europe	–	
glass	making	on	Tyneside	and	Wearside	appears	to		
	
	

                                            
3	The	third	war	ended	in	January	1674,	so	does	not	greatly	
affect	that	year’s	shipping.	Indeed,	exports	to	Amsterdam	
and	Rotterdam	from	Newcastle	and	Stockton	were	hardly	
lower	in	1675	than	in	1676.	

	
	
	
have	 grown	 in	 importance	 during	 the	 1600s, 4 	and	
required	 quantities	 of	 red	 lead,	 a	 derivative	 of	 the	
litharge	produced	when	refining	lead.		
	
The	 pattern	 glimpsed	 here	 will	 probably	 change	 if	
further	 surviving	 Newcastle	 port	 books	 are	 examined	
in	 future.	 However,	 even	 with	 these	 caveats	 in	 mind,	
the	 figures	 summarised	 in	 Table	 1	 show	 dramatic	
increases	in	the	volume	of	coastal	and	overseas	trade	in	
lead	between	the	1650s	and	1690s.	Newcastle	was	the	
head	 customs	 port,	 but	 several	 of	 the	 port	 books	
examined	 include	 separate	 sections	 for	 the	 ‘out-ports’	
of	Sunderland,	Blyth	(from	which	no	lead	was	shipped)	
and	Stockton.5		

                                            
4			C.Ross,	The	Development	Of	The	Glass	Industry	On	The	
Rivers	 Tyne	 And	 Wear,	 1700	 –	 1900,	 unpublished	 Ph.D	
thesis,	Newcastle	University,	1982	
5	A	good	recent	guide	to	the	use	of	port	books	as	a	source	
for	 economic	 historians	 is	 D.Hussey,	 Coastal	 and	 River	
Trade	 in	 Pre-Industrial	 England,	 Bristol	 and	 its	 Region	

1680-1730	 (2000).	Lead	shipments	 in	 the	Newcastle	port	
books	are	given	in	fothers	and	cwt.	For	sales	purposes	the	
fother	was	customarily	21	cwt	at	Newcastle	and	22cwt	at	
Stockton	throughout	this	period.	However,	it	is	clear	from	
the	 overseas	 shipments	 on	 which	 customs	 were	 levied	
that	a	 fother	was	 charged	at	a	 rate	 implying	a	weight	of	
20	cwt,	or	a	 ton.	The	 figures	drawn	 from	the	port	books	
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Between	 1676	 and	 1705	 outwards	 shipments	 of	 lead	
from	 the	 region’s	 ports	 increased	 from	 around	 3,730	
tons	to	5,360	tons,	including	a	noticeably	large	increase	
in	 trade	 from	 Stockton	 over	 those	 three	 decades	
(though	 some	 of	 Stockton’s	 shipments	 probably	 came	
from	 Yorkshire).	 The	 hazards	 inherent	 in	 trying	 to	
estimate	 total	 trade	 by	 adding	 coastal	 and	 overseas	
shipments	from	separate	years,	even	consecutive	years,	
are	 shown	by	 the	 fall	 in	 coastal	 trade	 from	Newcastle	
from	 1674	 to	 1676.	 This	 was	 presumably	 occasioned	
by	 the	 attractiveness	 of	 export	 markets	 in	 1675-6	
following	 the	 end	 of	 the	 Third	 Anglo-Dutch	 War,	
diverting	supplies	away	from	coastal	destinations.		
	
Vessels	 could	 make	 voyages	 to	 London	 or	 Rotterdam	
equally	well,	so	it	cannot	be	assumed	that	the	163	tons	
shipped	 coastally	 in	 1674	 was	 matched	 by	 a	 similar	
quantity	in	1675,	for	which	year	we	presently	have	the	
overseas	 trade	volume	alone.	Nevertheless	 the	overall	
pattern	of	 trade	 from	Newcastle	 is	 surely	 clear.	There	
was	little	outwards	domestic	trade	in	lead	in	the	1650s,	
but	 exports	 quadrupled	 between	 1661	 and	 the	 mid-
1670s,	 by	 which	 time	 domestic	 shipments	 were	 also	
higher.	It	seems	there	was	a	spectacular	growth	in	the	
lead	 industry	 in	 the	 decade	 and	 a	 half	 after	 the	
Restoration	 of	 Charles	 II,	 and	 slower	 growth	 in	 traffic	
from	 Newcastle	 thereafter,	 during	 decades	 in	 which	
Stockton’s	 trade	 grew	 rapidly.	 Sunderland	 emerges	 as	
an	 important	 outlet	 for	 coastal	 shipments.	 At	 some	
point	between	the	mid-1690s	and	1705	the	great	boom	
came	to	an	end.	
	
	
3	FEATURES	OF	A	GROWING	INDUSTRY	
	
Turning	 away	 from	 these	 snapshots	 of	 the	 increasing	
volume	of	 lead	departing	from	the	region	we	can	start	
to	 see	how	and	where	 it	was	 smelted	by	mapping	 the	
location	 and	 construction	 dates	 of	 currently	 known	
lead	 smelting	 mills	 in	 the	 region.	 Dating	 the	
construction	 of	 the	mills	 is	 difficult.	 In	most	 cases	we	
have	 little	more	 to	 rely	 upon	 than	 the	 earliest	 date	 at	
which	 they	 were	 documented	 as	 already	 being	 in	
operation,	 and	 it	 is	 not	 always	 clear	 when	 they	 were	
abandoned.		
	
The	mills	shown	in	Figure	1	lying	to	the	north	and	east	
of	the	upland	mining	zone	mostly	date	from	the	middle	
decades	 of	 the	 seventeenth	 century.	 	 This	 happens	 to	
be	the	area	most	closely	studied,	so	with	further	work		

                                                                        
quoted	throughout	this	paper	conservatively	assume	this	
lower	weight,	so	it	is	possible	this	understates	volumes	by	
5%	 from	 Newcastle	 and	 Sunderland	 (assuming	 a	 21	 cwt	
sales	 fother)	 and	 10%	 from	 Stockton.	 Burt’s	 tonnage	
figures	 for	 1705	 have	 been	 adjusted	 downwards	
accordingly	 for	 consistency.	 Pete	 Lee	 has	 generously	
made	available	his	thorough	work	on	the	1676	port	books	
and	 observations	 on	 the	 complicated	 topic	 of	 traded	
weights	and	measures	of	lead,	for	which	I	am	grateful.	

	
more	early	mills	might	also	be	identified	further	to	the	
east	and	south-east	and	perhaps	also	in	the	Eden	valley	
to	 the	west.	 They	mostly	 lie	 outside	 the	mining	 zone.	
Given	that	even	the	best	prepared	lead	ore	lost	a	great	
deal	 of	weight	 in	 the	 smelting	process,	 the	 carriage	of	
so	 much	 dead	 weight	 away	 from	 mines	 in	 the	 high	
ground	 by	 packhorse	 trains	 appears	 wasteful.	
However,	 the	 ore-hearth	 lead	 smelting	 mill	 of	 the	
seventeenth	century	relied	upon	wood	fuel,	supplies	of	
which	 were	 scarce	 in	 the	 high	 ground.	 Likewise,	 the	
reliable	 water	 supplies	 needed	 to	 power	 wheels	 that	
drove	bellows	at	the	hearths	were	easier	to	find	lower	
downstream	 than	 in	 the	 headwaters	 of	 the	 region’s	
rivers.	 The	mills	were	 also	 en	 route	 to	 Newcastle	 and	
Sunderland.		
	
Even	without	being	confident	of	the	construction	dates	
of	 many	 of	 these	 mills,	 over	 the	 period	 as	 a	 whole	 a	
picture	of	general	expansion	emerges.	This	might	have	
had	 its	 roots	as	 far	back	as	 the	mid	sixteenth	century,	
and	 the	 commissioning	 of	 surveys	 of	 the	 Allendale	
mines	 in	 1619	 and	 1624	 are	 suggestive	 of	 increased	
activity	then.	At	around	the	same	time	a	dispute	arose	
over	the	mines	at	Fallowfield	on	a	rich	vein	north	of	the	
Tyne	 near	 Hexham.	 Lead	 ore	 was	 being	 carried	 from	
Upper	Teesdale	into	Hexhamshire	in	the	1620s.6			
	
Whether	 or	 not	 these	 glimpses	 were	 part	 of	 more	
widespread	growth	 in	 lead	output	 in	 the	region	 in	 the	
early	 seventeenth	 century,	 the	 industry	 was	 surely	
disrupted	by	a	 series	of	 crises	 visited	upon	Newcastle	
between	 the	 mid-1630s	 and	 mid-1640s,	 from	 the	
devastating	plague	of	1636	to	the	Scottish	invasion	and	
occupation	of	1644-5,	which	 saw	 the	almost	 complete	
collapse	 of	 the	 town’s	 coal	 shipments. 7 		 Stability	
returned	 only	 with	 the	 capture	 of	 Newcastle	 by	
Parliamentary	 forces	 in	 1645.	 	What	 appears	 to	 have	
been	 a	 long	 secular	 boom	 in	 lead	 mining	 and	
processing	 can	 perhaps	 be	 dated	 from	 around	 that	
time.	 There	 are	 several	 indicators	 of	 the	 industry’s	
prosperity	during	the	decades	that	followed.	
	
Firstly,	cost	control	was	arguably	not	a	priority	during	
the	 boom	 years.	 Mining	 and	 dressing	 the	 ore	 was	
always	 the	 most	 costly	 part	 of	 the	 process	 of	 getting	
smelted	 lead	 to	 the	 port.	 Mining	 costs	 were	 largely	
beholden	 to	 the	 physical	 constraints	 of	 geology,	 prior	
vein	 exploitation,	 access	 and	 drainage.	 However	 their	
importance	to	the	overall	cost	of	pieces	of	smelted	lead	
lying	 on	 a	 quayside	 could	 be	 influenced	 by	 the	
efficiency	of	 the	smelting	process,	and	transport	costs.	
The	more	lead	that	could	be	yielded	from	each	load	of	
ore	smelted	at	the	hearth	the	better.	This	is	the	reason	
why	–	in	the	18th	century	–	there	were	agitated	letters	

                                            
6 	A.B.Hinds,	 History	 of	 Northumberland,	 Vol	 III,	

Hexhamshire,	 Part	 1,	 (1896),	 p.	 10;	 Teesdale	 to	
Hexhamshire:	TNA	E	134/17and18Chas2/Hil6.	
7	K.Wrightson,	Ralph	Taylor’s	Summer,	A	Scrivener,	his	City	
and	 the	 Plague	 (2011);	 R.Howells,	Newcastle	 upon	 Tyne	
and	the	Puritan	Revolution	(1967),	pp.129-68	
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from	 agents	 to	 the	 smelting	 mills	 when	 the	 average	
consumption	 of	 ore	 rose	 above	 4.5	 bings	 for	 each	
fother	 of	 lead	 produced,	 a	 rate	 which	 still	 implied	 a	
yield	 of	 only	 60%	 of	 the	 weight	 of	 ore.	 	 In	 1706,	 in	
preparing	 their	 cost-benefit	 analysis	 comparing	 the	
Whitfield	 and	 Ryton	 smelting	 mill	 sites,	 the	 London	
Lead	 Company	 assumed	 just	 a	 50%	 yield	 by	 weight,	
and	 this	 might	 be	 a	 better	 benchmark	 for	 the	 17th	
century.8	From	 a	 small	 number	 of	 surviving	 accounts	
examined	 so	 far	 some	 examples	 of	 smelting	 efficiency	
can	be	gleaned,	and	they	are	revealing.	Trials	in	1680	at	
Plankey	 Mill,	 deep	 in	 the	 wooded	 gorge	 of	 the	 lower	
Allen	valley,	yielded	 lead	at	 the	rate	of	 just	45-48%	of	
the	 weight	 of	 ore	 consumed.	 Detailed	 production	
accounts	for	the	Birkey	Burn	mill	 in	1691-2	show	that	
the	 yield	 was	 a	 mere	 47%.	 Trials	 there	 in	 1702	
achieved	 yield	 ranging	 between	 44%	 and	 58%.9 	A	
solitary	 account	 from	 Blackhall	 Mill	 in	 1691	 revealed	
that	only	38%	of	the	weight	of	ore	was	converted	into	
pieces	 of	 lead,	 suggesting	 such	 incompetence	 by	 the	
contract	smelter,	 if	not	outright	 fraud,	 that	 it	 is	hardly	
surprising	 that	 a	direct	 lease	of	 the	mill	was	 taken	by	
the	mining	consortium	a	year	later.10		
	
Blackhall	was	handicapped	by	the	lack	of	a	slag	hearth	
at	 which	 the	 residue	 of	 the	 first	 smelting	 at	 the	 ore	
hearth	 could	 be	 reprocessed	 to	 wring	 out	 further	
saleable	 lead	 from	 the	 same	 initial	 quantity	 of	 ore.	
Plankey	had	been	built	 in	around	1672	without	a	 slag	
hearth,	 and	 one	 was	 only	 added	 after	 1675. 11 	If	
Woodhall	 had	 a	 slag	 hearth	 at	 all,	 it	 was	 inefficient	
enough	 for	 a	 smelter	 to	 be	 eager	 in	 the	 1730s	 to	 buy	
the	slag	still	lying	there	for	reprocessing.12		
	
This	 is	 all	 suggestive	 of	 a	 very	 casual	 attitude	 to	 cost	
control	but	should	not	be	pushed	too	far.		We	have	little	
information	to	go	on.	Smelting	yields	could	vary	a	great	
deal	depending	on	ore	quality,	and	on	how	well	washed	
and	dressed	it	was	before	it	left	the	mine.	The	point	is,	
though,	 that	 money	 could	 clearly	 be	 made	 despite	
evidence	 of	 smelting	 ratios	 that	 would	 have	 been	
regarded	as	very	poor	by	 later	standards.	 	 It	would	be	
interesting	 to	 see	 evidence	 on	 the	 efficiency	 of	 lead	
smelting	 from	 other	 British	 mining	 zones	 during	 this	
period	 in	 order	 to	 determine	 if	 the	 North	 Pennines	
experience	 was	 distinctive.	 In	 the	 meantime	 it	 is	
tempting	 to	 speculate	 that	 lead	 ore	 in	 the	 North	
Pennines	 was	 relatively	 abundant	 compared	 to	
elsewhere,	 and	 much	 of	 it	 was	 perhaps	 still	 close	
enough	 to	 the	 surface	 to	 be	 worked	 fairly	 cheaply	 in	
open	hushes	–as	suggested	by	the	form	of	a	number	of	
mining	 leases-	 or	 from	 shallow	 shafts	 and	 short	

                                            
8	A.Raistrick	&	B.	Jennings,	A	History	of	Lead	Mining	in	the	

Pennines,	(1965),	p.120	
9	NRO	ZBL	273/13-15	
10	Tyne	&	Wear	Archives	CM/1/90,	NRO	ZRI/20/17		
11	NRO	ZBL	273/14	
12	Walton	&	Boag	to	Thos	Corbett	Esq	23	Dec	1735,	TNA	
ADM	66/105	p.13	

levels.13	Meanwhile	 in	 Derbyshire,	 lead	 mining	 on	 a	
large	 scale	 from	 at	 least	 the	 mid-16th	 century	 meant	
that	veins	were	being	worked	at	such	depths	that	long	
drainage	levels	–	the	Peak	District	soughs	–increasingly	
had	to	be	driven	from	the	1630s	onwards,	a	significant	
capital	expense.14		
	
In	the	North	Pennines	this	relative	advantage	might	lie	
behind	the	signs	we	can	see	of	a	scramble	for	lead	ore	
during	this	period,	and	consequent	pressure	on	mining,	
a	second	distinctive	feature	of	 the	regional	 industry	 in	
the	 later	 1600s.	 Two	 surviving	 notebooks	 containing	
office	copy	letters	kept	by	Michael	Blackett,	second	son	
of	Sir	William	Blackett	of	Newcastle,	include	several	to	
his	father	reporting	on	the	state	of	his	lead	mining	and	
smelting	 interests.	 They	 follow	 a	 consistent	 structure,	
presumably	 dictated	 by	 Sir	 William,	 and	 always	 start	
with	the	state	of	the	workings	at	the	various	mines,	and	
how	much	ore	 is	resting	at	 the	mills.	 In	October	1675,	
for	example,	Coalcleugh	was		
	

“but	poore	by	which	is	meant	not	so	good	as	it	
was.	 Read	 Groves	 Likewise	 poore	 the	 Slitts	
very	Good	the	Levill	very	hard	but	nothing	can	
be	sd	as	yet	of	Bates	Hill	&	Wellhope.	There	is	
not	above	100	bing	of	Ore	Lying	aforhand	at	all	
the	Grooves.”	15	
	

An	 account	 was	 given	 in	 the	 same	 letter	 of	 plans	 to	
start	up	a	night	shift	at	Fallowfield	near	Acomb	in	order	
to	 expedite	 mining,	 and	 the	 pros	 and	 cons	 of	 the	
premium	which	might	have	to	be	paid	to	the	labourers.	
A	 decade	 later,	 John	 Ord,	 prominent	 Newcastle	
attorney,	 business	 associate	 of	 William	 Coatsworth,	
and	a	collector	of	coal	and	lead	mining	interests	 in	his	
own	 right	 was	 desperate	 to	 obtain	 a	 share	 of	 a	
Blanchland	 mining	 lease.	 He	 offered	 to	 pay	 cash	 and	

                                            
13 	See	 for	 example,	 the	 1689	 lease	 in	 Nentdale	 from	
Radcliffe	to	a	Newcastle	consortium	summarised	in	W.	H.	
D.	 Longstaffe	 (ed)	Memoirs	 of	 the	 life	 of	 Mr.	 Ambrose	

Barnes,	 late	 merchant	 and	 sometime	 alderman	 of	

Newcastle	 upon	 Tyne	 (1867),	 p.166.	 In	 1726	 a	 Blackett	
agent	 said	 he	 had	 “loosed	 the	 Water	 att	 Readgroves”	
implying	the	opening	of	a	dam	to	scour	the	bottom	of	an	
open	hush:	NRO	ZAL	57/12	
14	R.Slack,	‘Lead	miners’	heyday:	the	great	days	of	mining	
in	Wirksworth	and	the	Low	Peak	of	Derbyshire’,	Peak	
District	Mining	Historical	Society	proceedings	(PDMHS),	
(2000),	p.41	
15	Camb	 Univ	 Lib	 (CUL)	MS	 Add	 91	 etc.9	 Oct	 1675.	 This	
and	its	companion	volume	are	being	transcribed	as	part	of	
an	 ongoing	 project	 originally	 part	 of	 the	 Dukesfield	
Smelters	 and	 Carriers	 project.	 As	 of	 early	 2016	 nearly	
7,000	 letters	 and	 other	 items,	 over	 1.4	million	 fully	 text	
searchable	 words,	 are	 freely	 available	 in	 the	 resulting	
online	 research	 archive	 ‘Dukesfield	 Documents’	
(www.dukesfield.org.uk/documents)	 including	 many	 of	
Michael	Blackett’	letters.	
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instructed	his	agent	to	“break	not	for	(the	sake	of)	20s,	
40s	or	£3.	Pray	fail	me	not”.16			
	
A	scramble	for	ore	was	surely	also	a	factor	 in	the	long	
distances	over	which	 lead	ore	was	carried	 from	mines	
to	the	mills.	If	more	than	50%	of	the	weight	of	ore	was	
lost	 at	 smelting,	 this	 implies	an	 indulgence	of	 the	 cost	
of	 carriage	 of	 dead	 weight.	 The	 Radcliffes	 of	 Dilston	
owned	 the	mineral	 rights	 of	 Alston	Moor.	 Their	 ‘duty	
ore’,	 collected	 from	mining	 leaseholders,	was	sold	and	
carried	 from	Nentdale	mines	 12	miles	 across	 the	 fells	
to	Blackhall	Mill	 in	Hexhamshire	 in	 the	1670s.	Francis	
Radcliffe	 opened	 his	 own	 mill	 at	 Woodhall,	 west	 of	
Hexham,	 in	 1681,	 (in	 itself	 a	 testament	 to	 the	
profitability	of	direct	involvement	in	the	trade)	but	this	
was	even	further	away	from	both	the	mines,	and	from	
Newcastle.17		
	
Lead	 ore	 was	 carried	 more	 than	 ten	 miles	 from	
Settlingstones	 and	 Haydon	 Fell	 north	 of	 the	 Tyne	 to	
Red	 Lead	 Mill	 in	 1672	 (therefore	 involving	 a	 major	
river	 crossing),	 and	 also	 14	 miles	 or	 so	 from	 as	 far	
south	as	Grassgroves	high	up	in	Teesdale.	Small	parcels	
of	 ore	 from	 Dufton,	 overlooking	 the	 Eden	 Valley,	 and	
Lunehead,	were	taken	to	Dukesfield	and	Plankey	Mill	in	
1675-6,	 fully	 25	 miles	 or	 more	 away. 18 	When	 the	
London	Lead	Company	bought	out	the	Ryton	Company	
in	1705	it	found	that	large	quantities	of	ore	were	being	
carried	 to	 Ryton	 or	 Blaydon	 all	 the	 way	 from	 Alston	
Moor	 and	 Priorsdale,	 a	 distance	 of	 more	 than	 30	
miles.19		
	
When	 ore	 was	 scarce	 at	 the	 mills	 it	 exposed	 another	
problem	 of	 scarcity	 in	 a	 competitive	 and	 growing	
market	–	that	of	skilled	smelters.	At	Dukesfield	in	early	
1677,	 faced	 with	 a	 dwindling	 stock	 of	 ore	 during	 the	
winter	months	when	the	carriers	tracks	were	closed,		
	

“all	 the	 complaint	 att	Mill	 is	 for	want	 of	 oare	
the	 smelters	 [paid	by	piece	 rate]	very	earnest	
for	borrowing	of	money	till	work	bee	got	In	for	
my	 part	 I	 would	 lend	 none	 yet	 I	 think	 John	
Mowbray	[Blackett’s	local	agent]	will	be	forced	
to	doe	itt	to	whose	discretion	I	wholly	referred	
itt	 for	 hee	 told	mee,	 unless	 itt	were	done	 you	
would	loose	them	all.”	20	
	

                                            
16	NRO	ZPA/7	Item	3		
17	W.	Hylton	Dyer	 Longstaffe,	 ‘Francis	Radcliffe,	 First	 Earl	
of	 Derwentwater’,	 Archaeologia	 Aeliana,	 (1857),	 pp.95-
130,	 J.Fenwick	 (ed),	 ‘Extracts	 from	 the	 Accounts	 of	 the	
Steward	 of	 Sir	 Francis	 Radclyffe,	 Bart.,	 at	 Dilston,	 from	
June	1686	to	June	1687’,	Archaeologia	Aeliana,	(1858)	pp.	
159-164,	
18	Red	Lead	Mill:	Northumberland	Archives	(NRO)	753	Box	
1,	 Bundle	 J;	 Dukesfield/Plankey:	 CUL	 MS.Add	 91,	 6	
November	1675	
19	Library	 of	 the	 North	 of	 England	 Institute	 of	 Mining	 &	
Mechanical	Engineers,,	NRO	3410/LLC/1	pp.99-103	
20	CUL	Dd	7.28,	24	February	1676-7	

The	 desire	 to	 keep	 hold	 of	 experienced	 miners	 and	
smelters	 in	 a	 tight	 market	 probably	 also	 explains	 the	
holding	 of	 pays	 by	 the	 Blacketts	 in	 the	 1670s	 as	
frequently	 as	monthly,	 in	 stark	 contrast	 to	 the	 annual	
pays	of	the	eighteenth	century.		Cash	was	king.	
	
This	 was	 to	 the	 advantage	 of	 the	 merchants	 of	
Newcastle,	 with	 their	 cash	 reserves	 and	 access	 to	
credit.	 Their	 increased	 involvement	 is	 another	 key	
feature	 of	 the	 industry’s	 development	 during	 the	
seventeenth	 century.	 As	 a	 commodity	 sold	 mainly	 to	
distant	markets	and	shipped	out	to	home	and	overseas	
ports	 lead	 was	 understood	 well	 by	 the	 tight-knit	
mercantile	 community	 of	 Tyneside,	 plugged	 into	 a	
commercial	network	 in	London	and	Europe.	 	 Its	hard-
nosed,	 risk-taking	 and	 resourceful	 members	 had	 the	
capital	 to	push	 into	 the	 industry	 itself	 rather	 than	 just	
trade	 its	 products,	 investing	 in	 mining	 rights,	 leases,	
mills,	 long	supply	 lines	over	difficult	 country	 from	the	
moorland	wastes,	and	maybe	also	to	experiment	and	to	
innovate.			
	
Outside	 money	 did	 not	 come	 exclusively	 from	
Newcastle.	 During	 the	 Commonwealth	 period	 Sir	
Arthur	Haselrig,	 installed	by	Cromwell	 as	 the	 regional	
governor,	 took	 rapacious	 advantage	 of	 the	 Weardale	
mining	rights	vacated	by	the	Bishop	of	Durham,	and	his	
success	 in	 the	 1650s	 surely	 did	 not	 go	 un-noticed	 by	
the	 ambitious	 young	 William	 Blackett	 in	 Newcastle,	
who	 also	 had	 family	 connections	 in	 Weardale.	 The	
Whartons	 of	 Swaledale	 had	 enjoyed	 the	 Weardale	
mining	rights	as	 the	Bishop	of	Durham’s	 ‘moormaster’	
before	 the	 Civil	 War,	 and	 after	 the	 Restoration	 –	 and	
Hazelrig’s	 brisk	 departure-	 Humphrey	 Wharton	
returned,	 subsequently	 investing	 in	 several	 smelting	
mills	 in	the	lower	part	of	Weardale	and	elsewhere.21	A	
1662	 mining	 lease	 in	 the	 Muggleswick	 area	 in	 the	
Derwent	 Valley	 was	 granted	 to	 two	 London	
merchants.22	However,	 several	 examples	 can	 be	 given	
to	 illustrate	 the	 importance	 of	 Newcastle’s	 own	
interest.		
	
John	Butler	was	a	member	of	the	Company	of	Merchant	
Adventurers,	 which	 dominated	 the	 town’s	 trade	 and	
politics. 23 	In	 the	 1610s	 he	 was	 also	 one	 of	 the	
merchants	 who	 represented	 Newcastle’s	 interests	 on	
the	 River	 Tyne	 Improvement	 Commission,	 charged	
with	 ensuring	 clear	 navigation	 from	 the	 town’s	 quays	
downstream	 to	 the	 open	 sea,	 an	 interest	 jealously	
guarded	by	the	town’s	civic	leaders.	In	1629	he	entered	
into	 agreements	 to	 mine	 lead	 ore	 north	 of	 the	 Tyne,	
possibly	at	Fallowfield,	and	also	had	mining	interest	at	
Hunstanworth	to	the	south	from	around	the	same	time.	
In	that	year	he	also	took	a	lease	of	land	by	the	Rowley	
Burn	 in	Hexhamshire	 and	 it	 seems	 certain	 that	 it	was	

                                            
21	Bishop	Cosin’s	Survey	of	the	Bishopric	of	Durham,	1662,	
Durham	UL	Add	MS	1930,	f	59,		
22	Durham	CRO	D/X	654/37,	16	June	1662	
23	John	Brand,	The	History	and	Antiquities	of	the	Town	and	
Country	of	the	Town	of	Newcastle,	(1789),	p.	583	
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he	who	 built	 the	 Blackhall	 smelting	mill	 on	 the	 site.24		
Set	 in	deep	woodland	even	 today,	 the	mill	 lay	close	 to	
an	established	carriage	route	leading	into	Hexhamshire	
from	Allendale	and	onwards	to	the	navigable	reaches	of	
the	Tyne	at	Blaydon.	The	mill	was	roughly	equidistant	
between	Butler’s	mining	leases	to	the	north	and	south.	
It	has	all	the	appearance	of	an	attempt	to	integrate	lead	
mining,	 smelting,	 carriage	 and	 sale	 at	 a	 time	 when	
other	 fragmentary	 evidence	 suggests	 a	 separation	 of	
mining	and	smelting,	with	ore	being	sold	on	direct	from	
the	mines	by	small	operators.			
	
Ralph	Grey	and	James	Briggs	(who	accounted	for	more	
lead	 exports	 from	 Newcastle	 in	 1661	 than	 any	 other	
trader)	were	 established	merchants	 in	 Newcastle	 and	
both	 served	 as	 common	 councillors,	 aldermen	 and	
mayor	 or	 sheriff.	 	 In	 1663	 they	 were	 in	 partnership	
with	George	Bacon	of	Allendale	and	took	mining	leases	
in	 Teesdale.25	Bacon	 had	moved	 up	 from	Derbyshire’s	
mature	lead	mining	district,	probably	in	the	late	1640s	
as	a	 skilled	 smelter,	 although	whether	 this	was	on	his	
own	 initiative	 or	 through	mercantile	 support	 or	 long-
distance	 recruitment	 is	 unclear.	 He	 was	 not	 a	 lone	
skilled	 migrant. 26 	By	 the	 mid-1650s	 Bacon	 had	
interests	 in	 woodland	 immediately	 adjacent	 to	 Red	
Lead	 Mill	 in	 the	 Devil’s	 Water	 so	 it	 is	 surely	 safe	 to	
conclude	that	he	was	operating	the	mill	there,	and	had	
perhaps	constructed	it.	As	the	name	suggests,	red	lead	
was	being	made	there,	probably	for	the	Newcastle	glass	
industry,	and	certainly	no	later	than	1659.27		
	
Bacon	was	ambitious	but	presumably	could	not	afford	
the	Teesdale	leases	on	his	own	and	therefore	accepted	
the	need	for	partnership	with	the	Newcastle	money	of	
Briggs	 and	Gray.	There	were	others,	 not	 least	William	
Blackett	from	the	1660s	–	as	we	will	see	shortly	–	and	
others	 later	 in	 the	 century	 included	 goldsmith	 and	
Alderman	 William	 Ramsay,	 who	 took	 on	 the	
Settlingstones	and	Haydon	Fell	mines	north	of	the	Tyne	
in	 the	 1680s,	 Nicholas	 Ridley,	 and	 Timothy	Davison	 –	
Alderman,	Mayor,	and	son-in-law	of	Blackett.28		
	
It	is	possible	that	the	introduction	of	Newcastle	capital	
in	 the	 seventeenth	 century	 explains	 what	 otherwise	
appears	to	be	the	puzzlingly	slow	adoption	of	smelting	

                                            
24	NRO	SANT/DEE/1/38/111a,	ZMD	147/7	
25	Hutton	 Wood,	 Collection	 of	 Decrees	 in	 Tithe	 Causes…	
(1798),	 Vol	 1,	 Pp	 74-5.	 The	 mines	 in	 Teesdale	 are	
discussed	 in	W.F.Heyes,	 ‘History	of	Mining	 in	Teesdale	 in	
the	16th	and	17th	Centuries’,	British	Mining,	90,	2010	
26	Hercules	 Hill,	 a	 smelter,	 married	 Elizabeth	 Blande,	 in	
Allendale	 in	 1665.	 Both	 of	 them,	 and	 Elizabeth’s	 father,	
“came	out	of	Derbyshire”:	Allendale	Parish	Registers.		
27	G.	Ritschel,	An	account	of	certain	Charities…in	Tynedale,	
(1713),	p.64.	Three	barrels	of	 red	 lead	were	enumerated	
amongst	 the	 possessions	 of	 Gervis	 Gascoyne	 of	 nearby	
Gingleshaugh	 when	 his	 probate	 inventory	 was	 taken	 in	
early	1660:	Durham	Univ	Lib,	DPRI/1/1660/G2/3	7	March	
1659/60	
28	NRO	ZRI	20/17	

mills	 in	 the	 region	 compared	 to	 other	 parts	 of	 the	
country.	We	cannot	be	precise	about	the	exact	form	of	
the	 hearths	 used	 in	 these	 early	 mills,	 and	 they	
presumably	 evolved	 through	 trial	 and	 error	 with	
distinctive	 regional	 characteristics	 based	 on	 the	
prevailing	 qualities	 of	 ore	 and	 fuel.	 However	 the	
introduction	of	water	power	to	generate	a	controllable	
air	 blast	 in	 conjunction	 with	 a	 hearth	 or	 furnace	 to	
obtain	 the	 heat	 needed	 for	 successful	 smelting,	 was	
surely	 superior	 to	 the	 older	 method	 of	 relying	 upon	
prevailing	winds	on	outdoor	bole	or	bale	hills.		
	
Ore	 hearth	 smelting	 mills	 appear	 to	 have	 spread	
quickly	 from	 the	Mendip	 Hills	 to	 Derbyshire	 between	
the	 1560s	 and	 1580s,	 and	 Kiernan	 claims	 a	 45%	
reduction	 in	 fuel	 costs	 in	 addition	 to	 the	 benefits	 of	
much	 more	 predictable	 and	 consistent	 operation. 29	
Adoption	in	the	North	Pennines	never-the-less	appears	
to	 have	 been	 slow.	 In	 the	 1590s	 Sir	 William	 Bowes’	
conducted	 iron	 and	 lead	 smelting	 trials	 at	 a	 mill	 at	
Burtreeford	high	up	Weardale	–a	curious	location	given	
the	scarcity	of	wood	fuel	–	and	his	widow	Lady	Bowes’	
‘leade	mylls’	 are	 shown	at	Egglestone	on	 a	1614	map,	
amidst	 the	 Bowes’	 extensive	 Teesdale	 estates.	30	It	 is	
worth	noting	here	that	Lady	Bowes’	previous	husband,	
Sir	 Godfrey	 Foljambe,	 had	 a	 Derbyshire	 lead	 business	
and	 an	 ore	 hearth	 smelt	 mill	 near	 Chesterfield	 by	
1580.31	Thus	 far,	 however,	 no	 other	 evidence	 of	 lead	
mills	 has	 been	 encountered	 in	 the	 region	 until	 the	
construction	of	Blackhall	in	1629.	The	thorough	survey		
of	 the	manor	 of	 Hexham	 in	 1608,	 which	 included	 the	
Allen	 valleys,	 documents	 several	 mills	 and	 their	
purpose	but	mentions	none	being	used	to	smelt	lead.32		
By	 contrast,	 a	 North	 Pennines	 deed	 of	 1625	 included	
provision	 “for	 boyleing	 places	 on	 the	 said	 Moore	 &	
leave	to	carry	lead	ores	&	minerals	&	wood	for	boyleing	
and	 melting	 the	 same.”	33	The	 clause	 was	 recited	 in	 a	
later	deed	of	1658,	and	although	it	might	by	then	have	
been	 archaic,	 it	was	 only	 a	 year	 later	 than	 a	 fine	was	
handed	 down	 in	 the	 manor	 court	 of	 Hexham	 manor	
court	because	a	bale	hill	had	been	enclosed.34	There	 is	
even	 a	 hint	 from	 the	 Newcastle	 port	 book	 record	 of	
1652	that	ore	was	shipped	out	instead	of	being	smelted	
first.	 In	 that	 year,	 just	2	 tons	of	 lead	was	 recorded	on	
outgoing	coasters,	but	nearly	36	tons	of	lead	ore.	If	this	

                                            
29	D.Kiernan,	The	Derbyshire	Lead	Industry	in	the	
Sixteenth	Century,	(1989),	p.269	
30	Burtreeford:	CCB	B/21/44,	19th	September	1595,	J.Bain	
(ed),	 Calendar	 of	 Border	 Papers:	 volume	 2:	 1595-1603	
(1896),	 November	 1598.	 Eggleston:	 Durham	 County	 RO,	
Plan	of	the	manor	of	Egglestone	by	Richard	Baines,	1614:	
D/Bo/A945.	 I	 am	 grateful	 to	 Bill	 Heyes	 and	 Ian	 Forbes	
respectively	for	these	references.		
31	Kiernan,	Derbyshire	Lead	Industry,	op	cit,		pp.210-1	
32	Hinds,	History	of	Northumberland,	op	cit.,	pp.86-104	
33 	At	 Hunstanworth,	 south	 of	 Blanchland:	 NRO	
SANT/DEE/1/35.	 The	 1625	 deed	 does	 not	 recite	 a	
preceding	 deed	 from	 which	 the	 reference	 to	 ‘boyleing’	
might	have	been	copied.	
34	NRO	2762/E/DEEDS/C61	Abstracts	of	Title	1711-63		
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was	ore	 for	 later	smelting,	as	opposed	to	 ‘potters	ore’,	
small	quantities	of	which	were	shipped	in	the	1670s,	it	
is	a	further	indication	of	the	relative	cheapness	of	lead	
ore	mined	in	the	North	Pennines.	35		
	
The	 Mendip	 Hills	 were	 close	 to	 a	 vibrant	 mercantile	
community	 in	 Tudor	 Bristol,	 and	 Derbyshire	 had	 the	
great	 sponsorship	 and	 industrial	 interest	 of	 George	
Talbot,	the	6th	Earl	of	Shrewsbury.	The	principal	focus	
of	 the	merchants	of	Newcastle	 from	 the	 late	 sixteenth	
century	 was	 the	 dramatic	 growth	 of	 the	 coal	 trade.	
Could	 it	 be	 that	 –	 belatedly	 following	 the	 lead	 of	 the	
Bowes	family	and	their	Derbyshire	connections-	it	was	
only	when	they	started	paying	serious	attention	to	the	
full	 potential	 of	 that	 dull	 grey	 versatile	metal	 in	 their	
hinterland,	 that	 smelting	 technology	 caught	 up	 with	
practices	long	established	elsewhere?		
	
	
4	THE	BLACKETTS	
	
The	 influence	 of	 seventeenth	 century	 mercantile	
involvement	 in	 the	 North	 Pennines	 lead	 industry	 is	
perhaps	best	demonstrated	by	the	activities	of	William	
Blackett,	which	were	arguably	central	to	the	rise	of	the	
industry	 to	 national	 significance.	 He	 was	 already	 an	
established	 and	 wealthy	 merchant	 by	 the	 time	 of	 his	
first	known	direct	involvement	in	lead	mining,	in	1659	
in	the	East	Allen	valley,	although	he	had	been	trading	in	
the	 commodity	 since	 at	 least	 1655.	 In	 taking	 mining	
leases	 from	 1659	 and	 initially,	 it	 seems,	 renting	
smelting	capacity	in	others’	mills,	he	benefited	from	the	
complementarity	 of	 his	 interest	 in	 developing	 mines	
with	 those	 of	 landowners	 who	 preferred	 to	 let	 their	
mining	rights	rather	than	work	them	directly.		
	

	
	

Figure	2.	William	Blackett	I	(1620-80)	
Reproduced	by	permission	of	Sir	Hugh	Blackett	

	
	

                                            
35	As	the	name	suggests,	potter’s	ore	was	used	by	pottery	
makers,	to	give	a	green	glaze	to	their	wares	

Blackett	did	buy	land	and	build	his	own	smelting	mill	at	
Dukesfield	in	1665,	a	mile	downstream	from	Red	Lead	
Mill	on	 the	Devil’s	Water.36		Building	his	own	smelting	
capacity	 was	 possibly	 a	 response	 by	 Blackett	 to	
increasing	 mining	 activity	 by	 others	 and	 consequent	
pressure	 on	 existing	 smelting	mills.	 In	 addition	 to	 the	
Teesdale	partnership	of	1663,	Bacon	took	a	lease	of	the	
Radcliffes	 mining	 rights	 in	 Alston	 Moor	 the	 following	
year.37		
	
Within	a	decade	Dukesfield	had	five	ore	hearths	and	a	
slag	hearth,	 at	 a	 time	when	other	known	mills	had	no	
more	 than	 two	 hearths	 each,	 and	 it	 was	 possibly	
unsurpassed	 in	 size	 elsewhere	 in	 the	 country	 for	 the	
next	 century.	 It	 was	 surely	 capable	 of	 unprecedented	
throughput,	 potentially	 the	 simultaneous	 smelting	 of	
varying	 ore	 quality	 from	 different	mines	 and	 veins	 in	
separate	hearths.	Blackett	was	also	evidently	confident	
of	recruiting	enough	skilled	smelters	to	make	the	most	
of	that	capacity,	and	during	a	period	of	rapid	growth	in	
the	industry.	

	
	
The	mill	at	Dukesfield	was	supplied	with	lead	ore	from	
his	 Allendale	 mines,	 leased	 from	 the	 Fenwicks	 of	
Wallington,	as	 lords	of	 the	manor	of	Hexham.	Blackett	
renewed	 this	 lease	 in	 1667,	 two	 years	 early,	 and	
simultaneously	extended	it	to	include	the	whole	manor,	
rather	 than	 simply	 Allendale,	 which	 brought	 him	 the	
rich	vein	at	Fallowfield,	near	Acomb	north	of	Hexham.	
In	 the	 same	 year	 he	 bought	 the	 Rector	 of	 Stanhope’s	
rights	to	the	Weardale	lead	tithes	–	10%	of	the	dressed	
ore	mined.		
	
The	 timing	 of	 both	 of	 these	 moves	 is	 interesting,	
coming	within	months	 of	 the	 enacting	 of	 a	 law	 to	 tax	
coal	 imports	 into	 London	 in	 order	 to	 raise	 funds	 to	
rebuild	 the	 city	 after	 the	 previous	 year’s	 great	 fire.	
From	 his	 frequent	 visits	 to	 the	 capital	 on	 civic	 and	
private	 business	 Blackett	 will	 have	 seen	 the	 speed	 at	
which	 London	 had	 developed	 over	 fifteen	 years	 or	
more	 and	 doubtless	 predicted	 a	 brisk	 pace	 of	
rebuilding.	 13,000	 houses	 were	 destroyed	 in	 the	 fire	
and	 9,000	were	 built	 in	 the	 late	 1660s	 and	 1670s,	 51	
distinctive	churches	designed	by	Sir	Christopher	Wren	
and	 various	 public	 buildings.	 Under	 the	 building	
regulations	 laid	 down	 in	 the	 1667	 Act	 for	 Rebuilding	
this	 must	 have	 required	 a	 great	 deal	 of	 lead.	 It	 was	
surely	an	enticing	prospect	to	a	merchant	of	Blackett’s	
vision.		
	
There	 is	 as	 yet	 little	 direct	 evidence	 to	 support	 this	
intriguing	 thesis	 that	 some	 of	 the	 tax	 raised	 on	
Newcastle	coal	was	recycled	into	the	region’s	growing	
	

                                            
36 	Much	 of	 this	 section	 is	 summarised	 from	 G.Finch,	
‘William	 Blackett,	 Dukesfield,	 and	 the	 Seventeenth	
century	 lead	 industry’,	Hexham	Historian,	Vol	25,	 (2015),	
in	which	detailed	source	references	may	be	found	
37	G.Dickinson,	Allendale	and	Whitfield:	Historical	Notices	

of	the	Two	Parishes,	(2nd	edn,	1884),	p.54	
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Figure	3.	Lead	mines	and	mills	in	seventeenth	century	Hexhamshire	and	surrounding	area	

	
	

	
lead	 industry,	 but	 snapshots	 in	 1655	 and	 1674	 of	
coastal	 shipments	 of	 lead	 outwards	 from	 Newcastle	
show	 an	 increase	 from	 27	 to	 170	 tons	 between	 these	
two	dates.	Although	 the	destinations	are	not	explicitly	
stated,	 the	cargoes	were	 invariably	 included	alongside	
coal,	 the	 overwhelmingly	 majority	 of	 which	 was	
destined	for	London.	
	
The	 port	 book	 evidence	 summarised	 earlier	 seem	 to	
indicate,	however,	that	it	was	the	export	market	which	
was	 more	 important	 to	 the	 Newcastle	 trade.	 In	 1676	
85%	 of	 the	 3,500	 tons	 of	 lead	 despatched	 from	 the	
region’s	 main	 ports	 went	 overseas.	 Whatever	 the	
attraction	 of	 London	 in	 the	 wake	 of	 the	 great	 fire,	 it	
seems	that	it	was	overseas	markets,	principally	to	ports	
in	north-western	European	coast	of	 the	North	Sea	and	
English	Channel		from	Hamburg	to	le	Havre	which	took	
the	 lion’s	 share	of	 the	 region’s	 lead	production	 in	 that	
year	 (see	 Figure	 4).	 Exports	 to	 the	 Low	 Countries,	
mainly	to	Amsterdam,	increased	from	223	tons	in	1661	
to	 nearly	 1,100	 tons	 in	 1676,	 but	 the	 increase	 in	
exports	 to	 France	 was	 even	 more	 spectacular	 –	 from	
around	20	tons	in	1661	to	just	under	1,000	tons	fifteen	
years	 later,	 over	 half	 of	 which	 was	 imported	 at	 Le	
Havre	and	Rouen	on	the	Seine.			
	

	
In	 recording	 the	 names	 of	 merchants	 responsible	 for	
each	export	cargo	the	port	books	show	how	central	the	
Blacketts	 were	 to	 the	 enormous	 growth	 in	 the	 lead	
trade	 since	 1660.	 Blackett	 family	 members	 exported	
just	under	50	tons	of	lead	from	Newcastle	in	1661,	12%	
of	the	volume	for	which	the	merchant	can	be	identified.	
In	 1676	 the	 1,500	 tons	 shipped	 by	 members	 of	 the	
Blackett	family	–	William,	his	brother	Christopher,	and	
sons	Edward	and	Michael-	 	accounted	for	 just	short	of	
four	fifths	of	the	lead	exports	that	can	be	identified	by	
merchant.		
	
Put	 another	 way,	 it	 seems	 fairly	 clear	 that	 William	
Blackett	 was	 responsible	 for	 nearly	 all	 of	 the	 rapid	
growth	 in	 lead	exports	 from	Newcastle	between	1661	
and	 1676,	 and	 in	 so	 doing	 came	 to	 dominate	 the	
market.		Even	if	the	Blacketts	had	no	hand	in	any	other	
lead	 shipments	 from	 the	 region	 in	 1676	 –and	 the	
records	 do	 not	 identify	 merchants	 responsible	 for	
domestic	 trade-	 they	 still	 accounted	 for	 45%	 of	 the	
total	of	nearly	3,500	tons.		
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Figure	4.	Principal	destinations	of	lead	shipments	from	north-east	England	1676	and	1695	
Based	on	map	template	from	http://www.d-maps.com/carte.php?num_car=2224&lang=en	

	
	

	
However	 there	 is	 evidence	 of	 links	 with	 one	 of	 the	
principal	 traders	 at	 Stockton.	 In	 1676	 Robert	 Jackson	
accounted	 for	 37%	 of	 Stockton’s	 lead	 exports,	 easily	
more	 than	 any	 other	 single	 merchant	 there.	 Michael	
Blackett	wrote	to	him	in	September	1675	to	announce	
that	he	was	starting	to	trade	on	his	own	account,	saying		
	

“pray	 take	 notice	 that	 the	 Companie	 is	
seperated,	 and	 that	 for	 future	 I	 am	 to	 act	 for	
my	selfe,	 soe	direct	your	Letters	 to	each	of	us	
accordingly,	as	you	shall	have	occation,	w[ha]t	
is	 by	 past,	 is	 my	 Fathers	 concerne,	 but	 for	
future	 looke	 upon	 ous,	 as	 two	 severall	
p[er]sons”	38	
	
…	 from	 which	 a	 past	 business	 relationship	
seems	clear.	

	
If	he	was	to	try	his	luck	on	his	own,	young	Michael,	23	
in	1675,	could	surely	not	have	picked	a	better	 time	 to	
sell	 Blackett	 lead	 abroad.	 Newcastle’s	 booming	 trade	
was	part	of	a	wider	picture	of	national	trade	expansion	
in	the	later	17th	century,	supported	by	an	increasingly	

                                            
38	CUL	MS	Add	91,	M	Blackett	to	Robert	Jackson,	7	
September	1675	

sophisticated	 range	 of	 commercial	 instruments.	
Maritime	insurance	reduced	the	financial	if	not	the		
	
physical	 risk	 of	 shipping.	 Widely	 accepted	 ‘bills	 of	
exchange’	 underpinned	a	 credit	 network	which	 linked	
trusted	 associates	 and	 family	 members	 in	 the	 major	
home	 and	 overseas	 ports	 –	 an	 important	 asset	 that	
gave	 established	 traders	 an	 advantage	 over	 new	 and	
unknown	 merchants.	 In	 the	 mid-1670s	 Michael	
Blackett	was	exporting	lead	to	Amsterdam,	Rotterdam,	
Hamburg,	 Le	 Havre,	 Rouen,	 la	 Rochelle	 and	 Bordeaux	
both	on	his	own	account	and	for	his	father.	“As	fast	as	I	
can,	I	will	get	lead	shipped	away”	he	wrote	to	Hamburg	
in	 October	 1675,	 while	 converting	 weights,	 measures	
and	 currencies	 between	 several	 different	 European	
jurisdictions.	 His	 letters	 give	 a	 lively	 picture	 of	
commercial	 life	 between	Newcastle	 and	 the	 continent	
in	the	Restoration	period.	
	
They	 also	 allow	 us	 to	 see	 where	 the	 Blackett’s	 1,500	
tons	of	 lead	exports	 came	 from.	Reporting	back	 to	his	
father	 in	 October	 and	 November	 of	 1675	 and	 in	
February	 1676,	 Michael	 indicated	 that	 consistently	
over	 100	 fothers	 of	 lead	 had	 been	 produced	 at	
Dukesfield	 in	 each	 of	 those	 three	months.	 By	 October	
1675	 4,000	 bings	 of	 ore	 had	 been	 laid	 in	 to	 sustain	
smelting	 through	 the	 winter,	 enough	 to	 support	
production	at	 that	rate	of	100	 fothers	per	month	until	
the	 carriers	 tracks	would	 re-open	 again	 the	 following	



Nenthead Mines Conservation Society Proceedings Volume 1 NAMHO Conference 2015 

 

Section	D	Page	10	of	15	

April	 or	 May.	 Three	 quarters	 of	 the	 ore	 came	 from	
Allenheads	and	from	Fallowfield,	the	latter	presumably	
relying	heavily	upon	the	recently	rebuilt	bridge	across	
the	 Tyne	 at	 Corbridge.	 The	 fairly	 new	mill	 at	 Plankey	
contributed	 a	 further	 37	 fothers	 each	 month.39	It	 is	
risky	 to	 extrapolate	 to	 an	 estimate	 of	 annual	
production	 from	 such	 limited	 data,	 but	 assuming	 that	
this	 level	of	production	was	sustained	over	11	months	
–	 leaving	 one	 month	 for	 hearth	 rebuilding	 and	
maintenance	 -	 then	 Blackett	 produced	 an	 annualised	
total	 of	 over	1,500	 fothers	of	 lead	 in	1675-6,	which	 is	
fairly	consistent	with	the	port	book	evidence	indicating	
shipments	 of	 1,500	 tons	 in	 1676.	 	 The	 purchase	 of	 a	
share	 of	 the	 manor	 of	 Winlaton	 early	 in	 1673	 must	
have	 added	 important	 infrastructure	 to	 sustain	 what	
was	clearly	a	 large	scale	vertically	 integrated	business	
because	 it	 secured	 access	 to	 the	 river	 frontage	 at	
Blaydon.	40	From	 these	 tidal	 reaches	 of	 the	 Tyne	 lead	
could	 be	 keeled	 downstream	 to	 ships	 waiting	 below	
Newcastle	 Bridge.	 Taken	 together	 with	 the	
consolidation	 and	 extension	 of	 mining	 rights	 in	
Northumberland	 and	 obtaining	 a	 share	 of	 Weardale’s	
largesse,	and	the	scale	of	production	at	Dukesfield	and	
Plankey,	 it	 underwrote	 the	 dramatic	 expansion	 of	 the	
Blacketts	lead	business	after	1660,	an	expansion	which	
drove	 the	 whole	 market	 and	 achieved	 a	 dominant	
position	in	the	regional	industry.		
	
Achieving	 such	 rapid	 industrial	 expansion	 and	 then	
sustaining	it	must	have	relied	as	much	upon	disciplined	
management	as	 it	did	on	entrepreneurial	 flair.	Mining,	
ore	 carriage	 logistics,	 fuel	 delivery	 to	 the	 mills,	
smelting	and	lead	carriage	to	the	ports	needed	to	be	co-
ordinated	 over	 40	miles	 of	 difficult	 country,	 and	 then	
sales	 and	 payment	 managed	 between	 much	 more	
distant	 locations.	 Michael	 Blackett’s	 letters	 and	 other	
evidence	 show	 that	 the	 foundations	 of	 the	 elaborate	
management	structure	through	which	the	18th	century	
business	 was	 run	 were	 laid	 by	 the	 mid-1670s.	 His	
periodic	 reports	 on	 the	 mills	 usually	 mention	 John	
Mowbray.	 A	man	 of	 that	 name	 appears	 as	 a	 father	 in	
the	Wolsingham	parish	registers	until	1665,	but	was	at	
Steel,	 near	 Dukesfield	 by	 1668,	 and	 was	 writing	 to	
Blackett	 as	 his	 agent	 from	 Dukesfield	 in	 1674,	 and	
mentions	setting	on	the	lead	carriage.41	It	seems	highly	
likely	 that	he	was	recruited	 from	Weardale	 to	oversee	
the	 construction	 and	management	 of	 the	mill	 and	 the	
lead	transport.	The	present	Dukesfield	Hall	 farmhouse	
is	a	fine	late	17th	century	building	though	substantially	
altered	later:	a	suitable	residence	for	an	agent	of	some	
local	 standing.	 In	 his	 letters	 Michael	 Blackett	 also	
mentions	 a	 Richard	 Mowbray	 (a	 relation	 of	 John?)	 in	
connection	with	the	Allenheads	mines.	Michael’s	cousin	
John	 Blackett,	 son	 of	 Christopher	 Blackett,	 William’s	
younger	 brother,	 was	 installed	 at	 Fallowfield	 House.	

                                            
39	CUL	MS	Add	91,	9	Oct	&	6	Nov	1675,	26	Feb	1675/6	
40	NRO	324/W4/18/3	&	324/W3/19	Abstracts	of	Deeds	–	
Winlaton	Manor	
41 	Wolsingham	 Parish	 Registers,	
https://familysearch.org/pal:/MM9.1.1/JMTT-5MZ:	
accessed	08	Aug	2014;	NRO	324/W3/18/3;	NRO	ZBL	2/9	

The	present	Allenheads	 Inn	–surely	 the	agent’s	house-	
and	Fallowfield	House	also	appear	to	date	from	around	
the	 same	 time.	 With	 Dukesfield	 they	 are	 part	 –an	
unexpected	 part-	 of	 today’s	 visible	 legacy	 of	 the	 17th	
century	 regional	 lead	 industry.	 But	 for	 the	 many	
changes	 to	 the	 urban	 landscape	 of	 Blaydon	 we	 could	
probably	add	a	fourth	such	house,	the	home	of	Michael	
Robinson,	who	was	 in	 charge	 of	 the	 staithes	 there	 for	
the	 Blacketts	 no	 later	 than	 the	 1680s.	 It	 was	 a	
substantial	 enough	 building	 to	 host	 the	 taking	 of	
witness	 depositions	 in	 an	 Exchequer	 Court	 case	 of	
1690.		
	
This	case	itself	reflects	the	importance	of	the	trade.	Sir	
Thomas	 Tempest,	 owner	 of	 Stella,	 just	 to	 the	 west,	
sought	 to	 levy	 a	 toll	 on	 the	 huge	 volumes	 of	 lead	
carried	on	packhorses	across	his	land	from	the	mills	to	
the	west	en	route	 to	 the	 riverside	keels.	The	Blacketts	
took	 Tempest	 to	 court	 to	 challenge	 this	 imposition,	
presenting	 41	 lead	 carriers	 as	 witnesses	 to	 vouch	 for	
the	way	having	been	a	public	highway	since	 the	usual	
‘time	 out	 of	 mind’.	 There	 were	 just	 three	 carrier	
witnesses	 from	 the	 Dukesfield	 area.42	Those	 familiar	
enough	 with	 the	 way	 at	 Stella	 to	 appear	 for	 Blackett	
were	nearly	all	from	the	Stocksfield	area	instead,	which	
suggests	 that	 the	 18th	 century	 division	 of	 the	 high	
volume	 lead	 carriage	 from	Dukesfield	 to	 Blaydon	 into	
two	stages,	with	an	interim	‘depot’	south	of	Stocksfield	
at	 Apperley,	 was	 already	 in	 place	 by	 the	 late	 17th	
century.	 Michael	 Blackett’s	 letters	 indicate	 the	
presence	of	such	staging	points	in	this	area	in	the	mid-
1670s.		
	
Between	them,	the	mills	agent	based	at	Dukesfield	and	
the	man	 at	 the	 Blaydon	 staithes	 took	 care	 of	 the	 two	
stage	 lead	 carriage	 logistics,	 contracting	with	 the	 self-
employed	carriers	each	year.	Along	with	 the	agents	at	
the	 principal	 mines	 the	 main	 elements	 of	 the	 18th	
century	 management	 structure	 can	 therefore	 be	
observed	in	operation	in	the	1670s,	reporting	to	a	chief	
agent.	 In	 the	1670s	 this	 role	 appears	 to	have	 filled	by	
sons	Michael	and	his	capable	younger	brother	William.	
Blackett	 senior	 clearly	 insisted	 on	 his	 sons’	 monthly	
reports	 (of	 which	 sadly	 only	 Michael’s	 are	 currently	
known	to	have	survived)	following	a	standard	pattern.	
They	appear	carefully	designed	to	report	key	measures	
in	a	consistent	and	regular	fashion	–	the	amounts	of	ore	
raised	at	 the	mines	and	 its	cost,	 the	outlook	for	 future	
production	 based	 on	 the	 state	 of	 the	 workings,	 fuel	
delivered,	 ore	 stockpiled	 and	 lead	 produced	 at	 each	
mill	and	the	associated	costs.		
	
	
	
	
	
	
	
	

                                            
42	TNA	 E134/2/WandM	 2/Trin15.	 Transcripts	 available	 in	
‘Dukesfield	Documents’	op	cit	
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Figure	5.	Management	legacy	of	the	seventeenth	century	Blackett	lead	business	

Clockwise	from	top	left:	Dukesfield	Hall,	Allenheads	Inn,	Newhouse,	Fallowfield	House	
	

A	 further	 series	 of	 letters	 have	 recently	 been	
discovered	 which	 indicate	 that	 yet	 another	 relative,	
nephew	William,	was	involved	in	a	joint	venture	in	the	
mid-1670s	 with	 Edinburgh	 merchant	 Sir	 James	
Stansfield	 to	 mine	 for	 lead	 at	 Wanlockhead,	 north	 of	
Dumfries,	 and	 at	 remote	 Glen	 Lyon	 in	 the	 Scottish	
highlands.43	Limited	though	all	these	surviving	records	
are,	 they	are	enough	 to	show	an	 impressive	operation	
at	 work	 during	 this	 great	 expansion	 of	 the	 lead	
industry,	an	operation	of	remarkable	scale	and	reach.	
	
Sir	William	Blackett	I	died	in	1680,	and	most	of	the	lead	
business	was	 left,	astutely	as	 it	 turned	out,	 to	younger	
son	 Wm	 Blackett	 II.44	However,	 the	 rich	 Fallowfield	
mines	went	 to	eldest	 son	Edward,	who	promptly	built	
his	own	smelting	mill	at	Birkey	Burn,	not	 far	 from	the	
mine,	north	of	 the	Tyne	near	Hexham.	Dukesfield	was	
thereby	deprived	of	what	had	been	 its	main	 source	of	
lead	 ore.	 Greater	 exploitation	 of	 the	 Allendale	 lead	
veins	would	have	been	an	obvious	response.	In	the	19th	
century	 a	 datestone	was	 reportedly	 still	 visible	 at	 the	
entrance	 to	 the	 Shield	 Ridge	 drainage	 level	 at	
Coalcleugh	 at	 the	 head	 of	 the	 West	 Allen	 valley	
indicating	 that	 ‘In	 1684	WB	 [William	 Blackett]	 began	
this	 level’	 and	 likewise	 the	 Haugh	 level,	 the	 first	 to	
drain	 Allenheads,	 suggesting	 major	 investment	 in	
pursuit	of	ore	at	depth.45		Blackett’s	mining	rights	in		

                                            
43 	National	 Records	 of	 Scotland,	 Stansfield	 Papers,	
RH15/102.	I	am	grateful	to	Ian	Forbes	for	this	reference	
44 	Durham	 UL	 DPRI	 1/1680/B16.	 Michael	 was	 not	
overlooked	 in	 his	 father’s	 will	 but	 his	 younger	 brother	
appears	 to	have	been	 favoured.	Michael	died	 in	1683,	 in	
his	early	30s.	
45	Dickinson,	 Allendale	 and	 Whitfield,	 op	 cit,,	 p.31;	 The	
claim	 that	 the	 same	 stone	 recorded	 the	 Haugh	 level	 as	
also	starting	in	1684	is	in	Westgarth	Forster,	A	Treatise	on	

	
	
Allendale	were	secured	before	the	end	of	the	decade	by	
his	 purchase	 outright	 of	 the	 Wallington	 estate	 and	
manor	 of	 Hexham	 from	 Sir	 John	 Fenwick,	 shortly	
before	the	termination	of	the	23	year	lease	taken	out	by	
his	father	in	1667.		
	

	
Figure	6.	William	Blackett	II	(1657-1705).	Reproduced	by	

permission	of	the	National	Trust,	Wallington	Hall	

	
	
	
	

                                                                        
a	 section	 of	 the	 Strata…	 (3rd	 edition,	 1883),	 p.147.	 My	
thanks	to	Ian	Forbes	for	this	further	reference.		
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5	WEARDALE	
	
The	 rich	 veins	 of	 Weardale,	 however,	 seem	 to	 have	
been	what	the	younger	William	Blackett	craved.	As	we	
have	 seen,	 his	 father	 had	 bought	 the	 Stanhope	 parish	
tithe	ore	rights	 in	1667,	and	shortly	before	he	died	he	
took	a	 lease	of	Killhope,	Wellhope	and	Spark	Shield	 in	
Weardale,	which	was	passed	on	to	William	II.46	At	some	
point	in	the	early	1680s	he	also	bought	out	an	existing	
lease	of	mining	rights	within	the	enclosed	lands	 in	the	
parishes	 on	Wolsingham	 and	 Stanhope	 owned	 by	 the	
Bishop	 of	 Durham,	which	 effectively	 gave	 the	 right	 to	
mine	 lead	 in	 the	 valley	 floor	 throughout	 much	 of	
Weardale.	 This	 brought	 Blackett	 into	 confrontation	
with	Humphrey	Wharton	(1626-94)	who	in	addition	to	
his	 family’s	 long	 standing	 lead	 interests	 in	 Swaledale,	
had	 the	 mining	 rights	 from	 the	 Bishopric	 to	 the	
unenclosed	 lands	 on	 the	 upland	 fells	 and	 wastes	 in	
Weardale	as	‘moormaster’.		
	
Other	 than	 during	 the	 Civil	 War	 and	 Commonwealth	
period	 the	moormastership	 had	 been	 in	 the	Wharton	
family’s	 hands	 since	 1632.	He	 boasted	 in	 1670	 “that	 I	
am	a	great	trader.	Very	few	in	England	trade	more,	and	I	
think	 in	 the	 best	 commodity	 of	 England,	 in	 which	 I	
consume	of	my	own	growth	at	least	£10,000	and	keep	a	
thousand	men	at	work	every	day.”	47		
	
Lead	 mining	 in	 Weardale	 in	 the	 1670s	 shared	 in	 the	
expansion	 already	 observed	 elsewhere,	 capital	 being	
committed	 to	 sinking	 shafts	 and	 driving	 drainage	 and	
access	 levels,	 and	 a	 noticeable	 increase	 in	 the	
population	 of	 Stanhope	 parish.	 Wharton	 converted	 a	
mill	 at	 Wolsingham	 to	 smelt	 lead	 around	 1663	 and	
built	 smelting	 mills	 at	 Stanhope	 and	 Silvertongue,	 to	
the	 north	 on	 the	 River	 Derwent	 (on	 the	 way	 to	
Newcastle)	 in	 1668. 48 	His	 annual	 payment	 for	 the	
moormastership	had	been	set	at	£60/year	in	lieu	of	the	
Bishop’s	right	 to	 lott	ore,	or	10%	of	 that	mined,	at	 the	
restoration	 of	 John	 Cosin	 as	 Bishop	 in	 1660.	 In	 1673	
the	 equivalent	 figure	 was	 £210/year.	 The	 number	 of	
Weardale	mines	 in	 operation	was	 still	 growing	 fast	 in	
1684.49		

                                            
46	NRO	324/W3/18/3	
47	P.	 A.	 Bolton	 /	 Paula	 Watson,	 ‘WHARTON,	 Humphrey	
(1626-94),	 of	 Gillingwood	Hall,	 nr.	 Richmond,	 Yorks.	 and	
Kirkby	Thore,	Westmld.’,	in	B.D.	Henning	(ed),	The	History	
of	Parliament:	the	House	of	Commons	1660-1690,	(1983)	
48	Wolsingham:	Bishop	Cosin’s	survey	of	1662,	Durham	UL	
Add	 MS	 1930	 f56;	 Stanhope	 &	 Silvertongue:	 Durham	
County	RO:	D/X	1361/1-2	
49	P.Bowes,	 Settlement	 and	 economy	 in	 the	 forest	 and	
park	 of	 Weardale,	 Co.	 Durham,	 1100-1800:	 a	 study	 in	
historical	geography,	unpublished	Durham	University,	MA	
thesis,	 (1979),	 Vol	 1,	 pp.	 103-5;	 A.Blackburn,	 ‘Mining	
without	 laws:	 Origins	 and	 Practices	 of	 the	 Weardale	
Moormasters’,	 Bulletin	 of	 the	 Peak	 District	 Mines	

Historical	 Society,	 Vol	 12,	 (1994)	 p.71.	 I	 am	 grateful	 to	
Alan	for	details	on	the	moormastership	and	related	leases	
during	this	period	

	
Given	 the	 Blacketts’	 formidable	 rise	 to	 a	 position	 of	
dominance	 in	 the	 Newcastle	 lead	 trade	 in	 the	 1660s	
and	 1670s,	 and	 their	 extensive	 lead	 interests	 in	
Allendale,	 it	 is	 hardly	 surprising	 the	 young	 William	
Blackett’s	 move	 into	 Weardale	 was	 not	 welcomed	 by	
Wharton.	 Several	 lawsuits	 followed,	 the	 detailed	
examination	of	which	is	likely	to	reveal	much	more	on	
the	state	of	lead	mining	in	the	valley	during	this	period.	
This	was	one	contest	that	did	not	go	Blackett’s	way,	at	
least	as	long	as	Wharton	was	alive.	Looking	back	on	the	
affair	years	later	Blackett	admitted	that	“he	had	tired	of	
the	contest,	&	owns	that	he	had	found	so	much	difficulty	
in	it	that	he	gave	up	the	cudgeals.	&	I	see	that	in	1687	he	
had	 on	 acco[un]t	 of	 these	 difficulties	 sold	 Sandersons	
Lease	 [ie.	 to	 mine	 lead	 in	 the	 enclosed	 lands]	 to	 Mr	
Wharton	 for	 £150	 tho’	 he	 had	 given	 £350	 for	 it.”	50	
However,	within	two	years	of	Wharton’s	death	in	1694	
Blackett	obtained	the	moormastership	and	re-acquired	
the	lease	to	mine	in	the	enclosed	grounds.		
	
Finally	in	charge	of	the	Weardale	mines,	it	seems	highly	
likely	 that	 Blackett	 built	 the	 grand	 residence	 of	
Newhouse	 at	 Ireshopeburn	 far	 up	 the	 dale,	 surely	 the	
most	lavish	in	the	entire	valley	at	the	time,	to	celebrate	
his	long-sought	victory	and	to	ensure	that	no-one	could	
be	in	any	doubt	as	to	who	was	now	in	charge.	It	was	a	
costly	 victory:	 the	 entry	 fine	 paid	 to	 the	 Bishop	 was	
£950,	and	Newhouse	is	a	far	grander	dwelling	than	the	
Dukesfield,	Allenheads	and	Fallowfield	agent	houses	of	
the	 previous	 generation.	 At	 the	 same	 time,	 it	 is	
reasonable	to	suppose	that	the	cost	of	mining	increased	
once	 the	 easiest	 surface	 outcrops	 of	 lead	 were	 taken.	
Wharton	 and	 Blackett	 were	 presumably	 not	 alone	 in	
investing	in	the	‘dead	work’	of	sinking	deep	shafts	and	
long	 drainage	 levels	 and	 other	 drainage	 charges,	
although	 evidence	 of	 the	 effect	 of	 this	 on	 the	 cost	 of	
mining	has	yet	to	gathered	and	studied.		
	
Meanwhile,	 the	partial	evidence	gleaned	from	the	port	
books	 as	 summarised	 in	 Table	 1	 suggests	 that	 there	
was	 a	 continued	 growth	 in	 shipments	 in	 the	 two	
decades	after	1675.		Exports	were	over	500	tons	higher	
from	 Newcastle	 in	 1695	 than	 in	 1676,	 an	 increase	 of	
27%,	 and	 880	 tons	 were	 shipped	 coastally	 in	 the	
following	 year,	much	higher	 than	 observed	 in	 the	 few	
other	 years	 for	 which	 we	 so	 far	 have	 information.	
However	the	rate	of	growth	was	now	much	lower	than	
during	 the	 spectacular	 expansion	 up	 to	 1675,	 at	 least	
from	Newcastle.	To	the	south,	the	outbound	lead	trade	
from	Stockton-on-Tees	was	dramatically	 higher	 in	 the	
mid-1690s	 than	 in	 1675-6,	 accounted	 for	 by	 a	 huge	
increase	 in	 exports	 to	 the	 Dutch	 ports	 of	 Rotterdam,	
Amsterdam,	 and	 Zuider	 Zee. 51 	This	 more	 than	
compensated	for	the	closure	of	French	markets	by	the	
Nine	Years	War.		Stockton	was	the	natural	outlet	for	the	
lead	 mines	 and	 mills	 of	 Swaledale,	 surely	 also	

                                            
50	Quoted	in	1761	from	a	letter	by	Wm	Blackett	II	of	1704	
(now	unfortunately	lost)	by	the	then	Blackett	chief	agent		
Joseph	Richmond,	NRO	672/E/1E/1,	24	Feb	1761	
51	TNA,	E190/196/6	&	204/8	
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developing	 rapidly	 during	 this	 period,	 and	 it	 would	
have	 been	 a	 more	 logical	 destination	 for	 lead	 from	
Teesdale	 than	Newcastle.	Christopher	Vane,	 later	Lord	
Barnard,	 built	 a	 lead	 mill	 on	 the	 River	 Gaunless	 at	
Cockfield	 Common	 in	 the	 late	 1680s,	 the	 location	 of	
which	 is	 roughly	 en	 route	 from	 the	 Teesdale	 mines	
towards	 Stockton.52	Further	 study	 of	 late	 17th	 century	
Teesdale	will	perhaps	reveal	the	location	of	other	early	
lead	 smelting	 mills	 and	 the	 development	 of	 the	
industry	during	this	period.	
	
Further	 north,	 a	 more	 mature	 industry	 with	 lower	
growth	 rates	 and	 –presumably-	 rising	 mining	 costs	
could	well	have	presented	new	challenges	compared	to	
the	 heady	 days	 of	 expansion	 in	 the	 1660s	 and	 1670s.	
Signs	 can	be	detected	of	 innovation	 in	 fuel	use	during	
the	1690s,	 perhaps	 in	 response	 to	 cost	pressure.	 	 The	
traditional	fuel	was	chopwood,	typically	coppiced	poles	
dried	 in	 a	 kiln,	 and	 its	 use	 was	 a	 key	 factor	 in	 the	
location	 of	 the	 early	North	 Pennines	 smelting	mills	 in	
woodland	away	from	the	open	fells.	A	dispute	over	the	
erection	of	a	 lead	smelting	mill	near	Carrshield	on	the	
West	Allen	in	1694	centred	on	the	intended	use	of	peat	
as	fuel	–	abundant	on	the	fells	and	allowing	mills	to	be	
located	closer	 to	 the	mines,	 thus	 saving	on	 the	 cost	of	
the	 dead	 weight	 inherent	 in	 lead	 ore	 transport.	 The	
Carrshield	mill	was	not	built,	but	it	seems	highly	likely	
that	 Blackett’s	 upland	 mills	 at	 Allenheads	 and	 at	
Rookhope	 were	 constructed	 soon	 afterwards.	 Acton	
and	Ramshaw	in	the	Derwent	Valley	probably	also	owe	
their	origins	to	the	 late	17th	century,	so	too	the	mill	at	
Blagill	 in	 Nentdale	 and	 some	 established	 mills	 were	
being	converted	 from	wood	 to	peat	 fuel	at	around	 the	
same	 time.53	Peat	 was	 the	 predominant	 fuel	 used	 in	
smelting	 lead	 in	 the	 North	 Pennines	 during	 the	
eighteenth	century.		
	
Where	 coal	 was	 available,	 however,	 its	 low	 cost	 was	
highly	attractive,	but	 its	use	 in	 lead	smelting	was	held	
back	by	the	contamination	caused	by	sulphur	released	
in	 the	 furnace.	The	breakthrough	of	 the	 reverberatory	
furnace	 which	 kept	 the	 coal	 and	 lead	 ore	 separate	 is	
thought	 to	 have	 been	made	 in	 the	 1690s	 in	Bristol	 or	
North	Wales,54	and	introduced	to	the	north-east	by	the	

                                            
52	Cornwall	Record	Office	CY	1196/8.	I	am	grateful	to	Bill	
Heyes	for	this	reference.	
53 	G.Finch,	 ‘The	 Carrshield	 lead	 mill	 dispute	 of	 1694’,	
Archaeologia	 Aeliana,	 5th	 series,	 vol	 43,	 (2014).	 Acton	&	
Ramshaw:	R.A.Fairbairn,	Allendale,	Tynedale	and	Derwent	
Lead	 Mines,	 British	 Mining	 No.	 65	 (2000),	 pp.	 119-23.	
Blagill:	 TNA	 ADM	 66/105,	 Walton	 to	 Corbett,	 22	 April	
1737,	 citing	 a	 deed	 of	 1699.	 Deeds	 and	 accounts	 for	
Blackhall,	Hexhamshire,	 indicate	a	change	 to	peat	 fuel	 in	
the	mid-1690s:	TWA	CM/1/90,	NRO	ZRI	20/17	
54	although	 see	 S.Paynter,	 P.Claughton	 and	 T.Dunkerley,	
‘Further	 work	 on	 residues	 from	 lead/silver	 smelting	 at	
Combe	Martin,	North	Devon’,	Historical	Metallurgy	44(2)	
2010,	 for	 interesting	 evidence	 of	 the	 use	 of	 coal	 much	
earlier	in	the	17th	century	in	a	location	close	to	cheap	coal	
from	South	Wales	

Ryton	 Company	 in	 the	 later	 1690s	 at	 Ryton	 or	
Blaydon.55		
	
However	 interesting	experiments	were	also	underway	
at	 Sir	 Edward	 Blackett’s	 Birkey	 Burn	 smelt	 mill	 just	
north	 of	 the	Tyne	 at	Hexham.	The	mill	was	 scarcely	 a	
mile	 from	his	Fallowfield	mine,	and	right	next	door	 to	
coal	 deposits	 at	 Oakwood.	 It	was	 half	 the	 price	 of	 the	
equivalent	weight	 of	 chopwood,	 usually	 brought	 from	
Edward	 Blackett’s	 Williemontswick	 estate	 9	 miles	
away.	 Detailed	 mill	 accounts	 show	 that	 in	 1692,	 as	
much	coal	(by	weight)	was	consumed	at	Birkey	Burn	as	
chopwood,	a	surprisingly	high	ratio.	This	wasn’t	simply	
a	 small	 scale	 experiment	 for	 170	 tons	 of	 lead	 was	
produced	that	year.	It	appears	to	have	been	successful	
for	the	following	year	the	ratio	of	coal	to	wood	was	4:1,	
and,	once	again,	well	over	100	tons	was	produced	and	
carried	down	to	the	Tyne.	Experienced	Swaledale	men	
were	 at	 Birkey	 Burn	 conducting	 smelting	 trials	 in	
1702.56		
	
This	long	period	of	expansion	appears	to	have	ended	in	
a	 severe	 depression	 around	 the	 turn	 of	 the	 century.	
Exports	of	lead	from	Newcastle	and	Stockton	amounted	
to	4,800	tons	 in	1695	and	2,600	tons	were	shipped	to	
English	destinations	in	1696,	but	in	1705	the	combined	
total	 to	 all	 destinations	 was	 under	 5,800	 tons,	 and	
under	4,500	tons	in	1725,	less	than	exports	alone	thirty	
years	 earlier.	 Gates	 found	 that	 profits	 at	 Grinton	 in	
Swaledale	 fell	 dramatically	 after	 1710.57	In	 July	 1711	
Allenheads	miners	petitioned	the	parish	for	relief	from	
parish	rates	on	the	grounds	of	the	closure	of	the	mines	
there,	once	the	mainstay	of	the	Blackett	 lead	empire.58		
A	 year	 later	 the	 Revd	 George	 Ritschel	 of	 Hexham,	
explaining	why	he	was	not	sending	more	money	to	the	
Archbishop	of	York,	said	that	there	would	be	none	from	
the	 country	 until	 there	was	 a	 ‘lead	 pay	 at	Dukesfield’,	
evidently	 by	 then	 a	 rare	 occurrence.59	The	 depression	
might	therefore	mark	the	change	to	the	later	pattern	of	
annual	pays.	Many	of	the	smaller	smelting	mills	appear	
to	have	closed.		
	
We	 read	 nothing	 more	 of	 Hexhamshire’s	 Hathery	
Haugh	 and	 Dalton	 mills	 in	 the	 18th	 century,	 and	 the	
only	 references	 to	 lead	 at	 Red	 Lead	 Mill	 in	 deeds	

                                            
55 	A.Raistrick,	 ‘The	 London	 Lead	 Company	 1692-1905’,	
Journal	of	the	Newcomen	Society,	Vol	14,	(1933)		
56	NRO	ZBL	273/13		Fallowfield	Accounts.	All	this	assumes	
a	load	of	coal	was	a	horse	load,	of	about	2	cwt.	We	know	
from	notes	 to	 the	accounts	 that	a	 ‘sack	of	chops’	was	of	
roughly	the	same	weight,	which	is	again	logical	as	a	horse	
load.	The	total	weight	of	fuel	to	 lead	was	also	within	the	
rough	range	quoted	elsewhere,	at	about	¾	ton	of	fuel	to	a	
ton	of	common	lead.	
57	T.Gates	(ed),	The	Great	Trial':	A	Swaledale	Lead	Mining	

Dispute	 in	 the	 Court	 of	 Exchequer,	 1705-1708,	 (2012),	
p.xvi	
58	Allenheads	miners	petition,	July	1711:	NRO	QSB/34	
59	Rev	Ritschel	of	Hexham,	Borthwick	Inst	Archives,	
Abp.Pec.Hex/2,	24	July	1712	
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appear	 archaic	 by	 the	 early	 1700s.	 Plankey	 and	
Woodhall	Mill	likewise	went	out	of	use,	the	woodlands	
slowly	reclaiming	those	quiet	valleys.		Even	the	mighty	
Blacketts	 were	 encumbered	 by	 debt	 until	 at	 least	 the	
1730s.	 The	 third	 Sir	 William	 Blackett,	 inheriting	 the	
business	 from	 his	 father	 at	 the	 age	 of	 15	 in	 1705,	 is	
often	 portrayed	 as	 an	 unreliable	 spendthrift	 but	 a	
major	 source	 of	 his	 income	must	 have	 taken	 a	 severe	
blow.	 The	 loans	 built	 up	 in	 the	 wake	 of	 his	 father’s	
death	were	perhaps	not	entirely	the	result	of	personal	
extravagance.			
	
	
6	CONCLUSIONS	
	
The	 origins	 of	 many	 of	 the	 classic	 features	 of	 North	
Pennines	lead	industry	appear	to	lie	in	the	seventeenth	
century:	large	scale	investment	in	mining,	peat	burning	
ore	 hearth	 smelting	 mills,	 vertically	 integrated	
companies	encompassing	mining	through	to	lead	sales,	
and	 long	 distance	 transport,	 credit	 and	 commercial	
networks.	 The	 first	 Sir	 William	 Blackett	 and	 his	 son	
were	 central	 to	 these	 developments.	 They	 had	 the	
ruthless	 ambition,	 flair	 and	 disciplined	 determination	
to	achieve	the	increase	in	scale	which	was	at	the	heart	
of	 raising	 this	 local	 industry	 to	 national	 significance,	
and	 the	 ability	 to	 manage	 and	 sustain	 it.	 Elements	 of	
the	 management	 structure	 they	 put	 in	 place	 can	 be	
traced	 in	 that	 adopted	 by	 the	 London	 Lead	 Company	
which,	alongside	the	Blacketts,	dominated	the	regional	
industry	 during	 its	 great	 heyday	 in	 the	 following	
century.	 	 They	 arose	 in	 the	 course	 of	 what	 seems	 to	
have	been	a	 long	boom	in	 lead	mining	and	smelting	in	
the	 later	 17th	 century,	 marked	 by	 particularly	 rapid	
growth	 in	 Newcastle’s	 hinterland	 in	 the	 1660s	 and	
early	 1670s	 and	 later	 in	 the	 century	 in	 the	 country	
served	by	Stockton’s	port.		
	
Doubtless	 there	 were	 adjustments	 along	 the	 way;	
Michael	Blackett’s	notes	on	market	prices	show	a	fall	in	
the	price	of	a	Newcastle	fother	from	£12	in	late	1675	to	
£10.50-11	 by	 the	 following	 summer,	 and	 lead	
production	 at	 Dukesfield	 in	 1678	 was	 around	 70	
fothers/month	 rather	 than	 the	 100	 achieved	 in	 late	
1675.60	Nevertheless	the	overall	picture	suggests	these	
were	 short	 and	 shallow	 cyclical	 dips	 in	 a	 generally	
upwards	trend.		
	
There	 is	 of	 course	 much	 that	 we	 do	 not	 yet	 know.	 It	
would,	for	example,	be	instructive	to	understand	better	
what	 the	 apparent	 rivalry	 between	 Wharton	 and	
Blackett	meant	for	Weardale	in	the	1680s,	and	more	on	
the	 course	 of	 development	 in	 Teesdale	 in	 the	 last	
decades	 of	 the	 century.	 The	 documentary	 records	
explored	thus	far	reveal	nothing	of	the	refining	of	lead	
for	 silver	 and	 litharge.	 The	 Tyneside	 glass	 industry	
presumably	 made	 use	 of	 red	 lead,	 and	 we	 know	 that	
refining	 went	 on	 at	 Red	 Lead	 Mill	 as	 long	 ago	 as	 the	
1650s.	Michael	Blackett’s	letters	are,	however,	silent	on	

                                            
60	CUL	MS.Add	91,	Oct	1675,	July-Sept	1676;	CUL	Dd	7/26,	
Jan-June	1678,	passim	

this	 topic.	 Neither	 he	 nor	 the	 port	 books	 make	 any	
distinction	 between	 common	 and	 refined	 lead,	 and	
there	 is	 no	 mention	 of	 silver	 and	 litharge.	 This	 is	
another	 aspect	 of	 the	 industry	 where	 more	 surely	
remains	to	be	discovered.			
	
The	course	and	causes	of	 the	early	eighteenth	century	
slump	are	also	as	yet	 little	understood.	 It	 is	noticeable	
in	Figure	4	 that	 the	principal	markets	 for	 the	 region’s	
lead	had	become	quite	concentrated	on	the	Dutch	ports	
and	London	by	 the	mid-1690s.	Disruption	 in	either	or	
both	 locations	 could	 have	 had	 a	 profound	 impact	 on	
demand,	 and	 from	 1702	 the	 War	 of	 the	 Spanish	
Succession	 saw	 fighting	 in	 the	 Low	 Countries.	 In	 any	
event	 the	downturn	deserves	much	 closer	 study	 for	 it	
marks	 a	 significant	 break	 between	 the	 previous	 long	
expansion	 and	 the	 more	 cyclical	 nature	 of	 eighteenth	
century	development.		
	
It	would	also	be	worth	comparing	 the	north-east	with	
changes	 in	 the	 other	major	 lead	 producing	 regions	 of	
Britain	during	this	period.		Derbyshire	appears	to	have	
been	 one	 of	 the	 most	 important	 national	 sources	 of	
lead	 from	 the	 16th	 century,	 with	 most	 of	 its	 produce	
being	shipped	from	Hull.	Kiernan	assembled	port	book	
data	 for	Hull.	Over	6,500	tons	of	 lead	was	recorded	as	
leaving	Hull	in	1636.	This	indicates	a	much	larger	trade	
than	 from	Newcastle	 decades	 later	 and	 even	with	 the	
risk	 of	 extrapolating	 from	 a	 single	 year’s	 surviving	
record	it	is	worth	observing	that	it	was	higher	than	the	
figure	 given	by	Burt	 for	 shipments	 from	Hull	 of	 6,379	
tons	 in	1705.	Willies’	 estimate	 that	 lead	production	 in	
Derbyshire	 peaked	 at	 around	 10,000	 tons	 in	 the	 mid	
eighteenth	 century	 was	 higher	 than	 Kiernan’s	 of	
perhaps	 8,550	 tons	 in	 the	 1630s	 but	 not	 dramatically	
so.61		
	
So	 in	 building	 from	 a	 much	 lower	 base,	 it	 seems	
entirely	 possible	 that	 the	 North	 Pennines	 was	 at	 an	
advantage	 in	 being	 able	 to	 respond	 more	 rapidly	 to	
increased	 domestic	 and	 European	 demand	 for	 lead	 in	
the	 later	 seventeenth	 century.	 	 Its	 ore	 deposits	 had	
surely	not	been	as	heavily	worked	out	 in	 the	previous	
century	as	those	in	the	hitherto	vastly	more	productive	
Peak	 District	 of	 Derbyshire.	 They	might	 consequently	
have	been	mined	more	cheaply,	 thereby	attracting	 the	
interest	of	the	merchant	community	of	Newcastle	with	
its	well-developed	 commercial	 connections	 to	 London	
and	the	major	European	ports.	This	set	the	stage	for	the	
rise	of	the	North	Pennines	lead	industry	and	Newcastle	
to	a	position	of	national	dominance	over	the	following	
150	years.	

                                            
61 	D.Kiernan,	 Derbyshire	 Lead	 Industry,	 op	 cit,	 p.228;	
D.Kiernan,	 'Twenty	 Thousand	 Miners	 Can't	 Be	 Wrong',	
PDMHS	(1992),	p.	249.	The	production	estimate	quoted	of	
7,600	 fothers	has	been	converted	here	 to	 tons	based	on	
the	 Derbyshire	 fother	 measure	 of	 22.5	 cwt.	 L.	 Willies,	
‘Technical	 and	 Organisational	 Development	 of	 the	
Derbyshire	 Lead	 Mining	 Industry	 in	 the	 Eighteenth	 and	
Nineteenth	 Centuries’,	 Ph.D	 thesis	 Leicester,	 (1980),	
Section	3,	p.39	
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Britain’s	longest	maze	cave:	Hudgill	Burn	Mine	Caverns,	Cumbria,	UK	
	

Tony	Harrison	
		
An	expanded	version	of	this	paper	was	published	in	2015	in	Cave	and	Karst	Science,	Vol.42,	No.1,	pages	20–41.	

	
	
Abstract	
	
In	 1816	 miners	 in	 the	 Hudgill	 Burn	 Lead	 Mine	 near	
Alston	 broke	 through	 from	 a	 mine	 level	 into	 “a	
[natural]	 cavity,	which	was	 large	 enough	 to	 travel	 in”.	
However	 only	 a	 small	 part	 of	 what	 was	 clearly	 an	
extensive	 maze	 cave	 was	 explored	 before	 the	 mine	
closed	 and	 the	 subsequent	 collapse	 of	 mine	 passages	
rendered	 the	 cave	 inaccessible.	 In	 the	 late	 1990s,	
through	 extraordinary	 efforts,	 the	 Cumbria	 Amenity	
Trust	Mining	History	 Society	 (CATMHS)	 reopened	 the	
mine	 and	 regained	 access	 to	 the	 cave.	 	 Over	 2013-14	
the	Moldywarps	Speleological	Group	(MSG)	has	carried	
out	a	thorough	exploration	of	the	system.	The	phreatic	
network	 cave	 is	 in	 the	 Great	 Limestone;	 it	 is	 two-
dimensional	 comprising	 only	 one	 storey.	 It	 has	 a	
surveyed	 plan	 length	 of	 13.24	 km.	 and	 has	 hypogenic	
rather	 than	epigenic	origins.	The	proximity	of	mineral	
veins	 containing	 galena	 and	 cerussite,	 the	 former	
oxidised	 to	 yield	 the	 latter	 and	 sulphuric	 acid,	 has	
probably	 influenced	 passage	 inception	 and	
development.		
	
	
Exploration	history	of	Hudgill	Burn	Mine	Caverns	
	
The	first	discoveries	
	
Alston	Moor	 covers	 an	 area	 of	 about	 50	 square	miles	
(130km2)	 including	 some	of	 the	highest	ground	 in	 the	
Pennines,	 and	 comprises	 the	 drainage	 area	 of	 the	
headwaters	 of	 the	 River	 South	 Tyne	 and	 River	 Nent.	
The	 lead	 mining	 industry	 of	 the	 region	 has	 operated	
probably	 since	 Roman	 times,	 and	 in	 the	 19th	 century	
there	 were	 over	 100	 mines	 operating	 in	 the	 Moor	
(Fairbairn,	1993).		
	
In	about	1800,	on	the	north	slopes	of	Middle	Fell,	John	
Walton	 and	 James	 Pearson	 drove	 the	 Hudgill	 Burn	
Level	 for	 1500	 feet	 (450m)	 towards	 the	 south-south-
west	 in	 the	 shale	 below	 the	 “Tuft”	 (a	 soft,	 dull-red,	
sandstone	 bed,	 about	 3	 to	 4m	 thick,	 just	 below	 the	
Great	Limestone).	However,	 they	abandoned	 the	work	
in	1808	after	finding	only	weak	veins.		
	
John	and	Jacob	Wilson	then	took	over	the	mine	lease	in	
1812	 and	 drove	 the	 level	 (the	 Waggonway)	 forward,	
following	a	new	direction	towards	the	south-south-	
	
	

	
	
east.	 In	 1814	 the	 Waggonway	 cut	 two	 veins	 that	
converged	on	the	east	side	to	become	the	Hudgill	Burn	
Vein,	 which	 was	 probably	 the	 richest	 and	 most	
productive	vein	on	Alston	Moor.	The	miners	continued	
to	 drive	 the	Waggonway	 onward	 and	 in	 the	 spring	 of	
1816	 the	 level	 reached	 the	 Sun	 Vein,	 391	 fathoms	
(715m)	 from	 the	 mine	 entrance.	 At	 this	 point	 a	 6	
fathom	(11m)	shaft	(Thomas	Shield’s	Rise)	was	driven	
upwards	 into	 the	 limestone	 and	 “revealed	 a	 cavity	
which	was	large	enough	to	travel	in	and	which	extended	
almost	1000	feet”	(Anon,	1822;	Sopwith,	1833;	Wallace,	
1890;	 Nall,	 1904;	 Raistrick	 and	 Jennings,	 1989;	
Fairbairn,	 1993).	 The	 miners	 surveyed	 the	 readily	
accessible	 main	 line	 of	 the	 natural	 passage	 (Fig.1),	
which	proved	to	be	320	yards	(292m)	long	and	arcuate	
in	 plan,	 initially	 trending	 towards	 the	 southeast	 and	
then	swinging	further	towards	the	east	(Jackson,	1977).	
	
The	 early	 1800s	 encompassed	 an	 era	 when	 “show	
caves”	were	developing	rapidly	in	the	United	Kingdom,	
including	 in	 the	 Northern	 Pennines	 (Craven,	 1999).	
Therefore	 it	 is	 perhaps	not	 surprising	 that	 the	miners	
of	Hudgill	Burn	 took	advantage	of	 this	 trend,	 allowing	
access	 to	 the	 recently	 discovered	 natural	 passages	 to	
provide	something	of	a	tourist	trip.	In	his	book	of	1833,	
which	 discusses	 the	 geology	 and	 mines	 of	 the	 Alston	
area,	Sopwith	records	an	account	(first	published	in	the	
Newcastle	Magazine	of	September	1820	and	attributed	
to	a	“military	gentleman”)	of	a	tourist	party	visiting	the	
Hudgill	cave	during	February	1818.	The	account,	which	
provides	 a	 remarkably	 accurate	 description	 of	 the	
readily	 accessible	 part	 of	 the	 cave,	 includes	 the	
sentence,	 “The	 light	 appeared	 dim	 and	 like	 a	 star	
peeping	through	a	dingy	cloud.”	–	the	inspiration	for	the	
modern	 name	 for	 the	 cave’s	 main	 passage	 (Peeping	
Star	 Passage).	 It	 also	 makes	 it	 clear	 that	 the	 cave	
system	 comprised	 not	 a	 single	 passage	 but	 an	
interconnecting	 maze	 (Fig.2).	 However,	 no	 survey	 of	
the	 maze	 was	 completed	 at	 the	 time,	 and	 the	
explorations	 of	 2013–2014	 have	 indicated	 that	 the	
miners	and	Georgian	tourists	explored	only	about	450–
500m	 of	 cave	 in	 total	 (including	 the	 290m	 “main	
thoroughfare”),	and	never	ventured	more	than	25m	or	
so	 from	 the	 walkable	 section	 of	 cave.	 The	 mine’s	
“bonanza”	 days	 were	 from	 1816	 to	 about	 1830,	
although	 it	 continued	 in	 production	 until	 1870.	
Thereafter	 the	 entrance	 level	 collapsed	 and	 the	 mine	
remained	 inaccessible	 until	 the	 late	 1990s

.
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Figure	1	A	copy	of	part	of	a	survey	of	the	mine	made	in	the	19th	century	showing	the	“cavern	in	the	Great	Limestone”.	
	

Figure	2		
Reproduction	of	a	single	paragraph	from	pages	72–73	of	Sopwith’s	book	of	1833	

	
	
	
	
	

	



Nenthead Mines Conservation Society Proceedings Volume 1 NAMHO Conference 2015 

 

Section	E	Page	3	of	14	

In	1993	it	was	suggested	to	the	Cumbria	Amenity	Trust	
Mining	History	Society	(CATMHS)	that	members	might	
like	 to	 try	 and	 reopen	 the	 famous	 Hudgill	 Burn	Mine	
and,	after	receiving	the	permission	of	the	landowner	to	
proceed,	 work	 started	 in	 March	 1994.	 Initially	 effort	
concentrated	 on	 a	 dig	 though	 the	 collapsed	 “cut-and-
cover”	 section	 of	 the	 entrance	 level	 where	 it	 reached	
the	 bedrock,	 but	 after	 steady	 progress	 through	 1994	
and	 1995,	 efforts	 in	 1996	 were	 also	 directed	 at	 and	
near	 the	 portal.	 By	 this	 time	 the	 work	 had	 expanded	
into	 a	 major	 project	 involving	 at	 one	 stage	 a	 large	
mechanical	 digger.	 Success	 was	 achieved	 in	 February	
1998	when	the	team	broke	through	into	the	open	main	

Waggonway	 level.	 After	 a	 thorough	 exploration	 of	 the	
accessible	areas	of	the	mine,	the	team	then		
concentrated	 on	 reopening	 Thomas	 Shield’s	 Rise,	
which	had	also	 collapsed	and	 filled	with	 rubble	 in	 the	
years	 since	 the	 mine’s	 closure,	 in	 order	 to	 reach	 the	
natural	cavern.	This	work	took	from	February	to	April	
in	1998,	when	the	natural	passages	were	once	again	re-
entered	 (Barker,	 2002).	 CATMHS	 explored	 and	 re-
surveyed	 the	 largely	 walking-sized	 main	 passage	
running	from	the	rise	towards	the	southeast	and	placed	
a	survey	line	through	it.	They	did	not,	however,	explore	
the	numerous,	generally	low	and	locally	tight	passages	
branching	 off	 the	 main	 passage	 on	 both	 sides	 (Fig.3)

.
	
	

Figure	3	
Survey	of	Hudgill	Burn	Mine	made	by	members	of	the	Cumbria	Amenity	Trust	Mining	History	Society,	and	first	

published	in	2002.	Reproduced	here	by	kind	permission	of	the	CATMHS	

	
	

In	2000	CATMHS	was	asked	to	take	part	in	a	project	to	
assess	radon	levels	in	disused	mines,	work	that	started	
in	 Hudgill	 in	 August	 of	 that	 year.	 The	 study	 was	
hindered	by	the	outbreak	of	foot-and-mouth	disease	in	
2001	and	was	only	completed	in	2002.	It	revealed	very	
high	concentrations	of	radon	gas	(averaging	10,107	Bq	
m-3	and	up	to	28,589	Bq	m-3	at	the	mine	foreheads)	and	
the	project	has	resulted	in	the	formulation	of	exposure	
guidelines	 for	 explorers	 working	 in	 old	 mines,	
including	a	proposed	time	limit	of	4	hours	per	month	in	
any	mine	where	radon	levels	are	unknown	(Gillmore	et	

al.,	 2011).	 All	measurements	 in	Hudgill	were	 taken	 in	
the	mine	levels	and	workings	and	none	in	the	overlying	
cave	 passages,	 so	 it	 is	 prudent	 to	 query	 whether	
exposure	 precautions	 should	 be	 taken	 by	 those	
working	 in	 or	 visiting	 Hudgill’s	 natural	 caverns.	 An	
extensive	review	of	the	risks	to	cavers	from	exposures	
to	high	222Rn	concentrations	by	application	of	the	linear	
no-threshold	 theory	 of	 radiation	 carcinogenesis	 has	
concluded	 that	 recreational	 cavers,	with	 limited	hours	
per	 month	 exposure	 frequencies,	 will	 probably	 be	
subject	 to	 insignificant	 risks	 (Field,	 2007).	 This	
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conclusion	 is	 in	 line	with	 the	 latest	 guidance	 from	 the	
British	 Caving	 Association	 in	 consultation	 with	 the	
Health	Protection	Agency	(HPA),	which	points	out	that	
for	a	typical	UK	caving	trip	the	estimated	risk	of	death	
from	an	accident	 is	more	than	ten	times	the	 increased	
risk	 of	 lung	 cancer	 from	 exposure	 to	 radon.	 To	 avoid	
exceeding	the	HPA	advisory	annual	exposure	limit	of	4	
mSv,	and	assuming	an	average	radon	concentration	of	
10,000	 Bq	 m-3	 during	 each	 4	 hour	 trip,	 visits	 to	 the	
Hudgill	maze	would	have	to	be	limited	to	about	25	per	
year	(British	Caving	Association	Radon	Working	Party,	
2012).	
	
In	2013	members	of	the	MSG	learned	of	the	reopening	
of	the	mine	by	CATMHS	and	were	given	permission	to	
explore	and	survey	the	natural	cavern.	Thought	at	first	
to	 be	 a	 task	which	would	 occupy	 just	 a	 few	days,	 this	
turned	 out	 to	 be	 a	 major	 undertaking	 involving	 67	
visits	 spread	 over	 17	 months.	 The	 work	 was	
painstakingly	 systematic	 to	 ensure	 a	 thorough	
evaluation	 of	 the	 maze;	 no	 passage	 was	 entered	 and	
explored	unless	it	was	also	surveyed	at	the	same	time.	
A	pattern	of	 exploration	 involving	progress	 in	 a	 “tight	
spiral”	close	to	previously	examined	areas	ensured	that	
there	 are	 unlikely	 to	 be	 any	 significant	 gaps	 in	 the	
surveyed	area,	although	extensions	might	exist	beyond	
the	boundaries	of	the	currently	surveyed	system.	
	
The	 presence	 throughout	 the	 system	of	 dried	mud	 on	
all	 floors	 and	of	 “sooty”	 sediments	deposited	on	walls	
and	 ceilings,	 together	 with	 the	 occasional	 graffiti	
scrawled	 on	 the	 walls,	 has	 enabled	 the	 present	
surveyors	to	assess	the	extent	of	previous	explorations.	
The	main	passage	running	from	northwest	to	southeast	
through	 the	 middle	 and	 south	 of	 the	 system	 (named	
“Peeping	 Star	 Passage”	by	 the	 present	 explorers)	 was	
clearly	well	 visited,	 with	 numerous	 initials,	 dates	 and	
place	 names	 inscribed	 on	 the	 walls,	 most	 written	
between	1820	and	1858.	Deviations	from	this	line	were	
rare,	with	many	open	passages	untouched.	The	farthest	
point	 apparently	 reached	 by	 a	 Georgian	 or	 Victorian	
miner	or	“tourist”	was	only	about	25m	from	and	to	the	
east	 of	 the	main	passage,	where	 “Thos	Wilson”	 left	 his	
name	 in	 1822.	 However,	 in	 addition	 to	 the	 original	
entry	 location	 to	 the	 system	 (Thomas	 Shield’s	 Rise),	
three	 other	 points	 of	 entry	 by	 the	 miners	 have	 been	
discovered.	One	 is	 from	another	rise	on	the	same	vein	
just	10m	northeast	of	Thomas	Shield’s	Rise,	the	mined	
shaft	 up	 into	 the	 caves	 now	 blocked	 by	 a	 fall.	 From	
prints	in	the	mud	it	is	clear	that	a	miner	entered	a	wide	
natural	passage	here,	walked	about	15m	into	the	maze,	
and	 then	 returned	 to	 the	 mine	 workings.	 A	 similar	
breakthrough,	 probably	 from	 workings	 on	 another	
vein,	was	made	on	the	eastern	edge	of	the	system,	90m	
southeast	 of	 Thomas	 Shield’s	 Rise.	 Again	 the	 miners	
crawled	about	10m	from	their	workings	into	a	natural	
chamber	close	by,	but	did	not	appear	to	venture	further	
into	the	maze.	The	third	point	of	entry	was	from	Middle	
Vein	 into	 three	 narrow	 parallel	 rifts	 in	 the	 far	
northwest	 of	 the	 system;	 again	 the	 miners	 crawled	
about	5m	into	the	maze	but	no	further.	The	only	other	
evidence	 of	 mining	 activity	 in	 the	 caverns	 is	 the	

widening	 of	 the	 far	 southern	 end	 of	 Peeping	 Star	
Passage,	presumably	an	unsuccessful	attempt	 to	reach	
the	northern	end	of	the	Galligill	Well	Vein.	
	
The	geomorphology	of	Hudgill	Burn	Mine	Caverns	
	
Geological	aspects	
	
Hudgill	Burn	Mine	Caverns	 lie	 in	 the	Great	Limestone,	
hereabouts	 some	 17.4m	 thick	 with	 a	 base	 at	 about	
410m	OD,	below	Middle	Fell	on	the	southern	slopes	of	
the	Nent	valley.	Namurian	rocks	above	this	stratum,	up	
to	 the	 base	 of	 the	 Little	 Limestone,	 total	 17.7m	 in	
thickness	and	include	three	alternations	of	shale	(total	
14m)	and	sandstone	(total	3.7m)	with	thin	coal	seams,	
repeated	as	 shale-sandstone-coal	 sequences	 (Dunham,	
1990,	p29).	Below	the	Great	Limestone,	in	the	Viséan,	is	
the	 Iron	 Post	 Limestone	 cyclothem	 (10m	 thick),	
comprising,	 in	 ascending	 order,	 a	 thin	 (0.6m)	
limestone,	a	shale	horizon,	and	a	sandstone	bed	known	
as	 the	 Tuft	 (4m)	 (Westgarth	 Forster,	 1821;	 British	
Geological	 Survey,	 1973;	 Dunham,	 1990,	 p.23).	 It	 is	
noted	 that	 the	 vertical	 distance	 from	 the	 top	 of	 the	
Great	 Limestone	 to	 the	 moorland	 above	 the	 cave	
system	ranges	from	about	100m	to	150m	and	that	the	
cave	 bears	 no	 genetic	 relationship	 to	 the	 modern	
landscape;	both	of	 these	 factors	might	be	of	 relevance	
with	 respect	 to	 the	 system’s	 speleogenesis,	 as	
discussed	below.	
	
The	maze,	now	entirely	relict,	lies	in	or	close	to	an	area	
of	vein	mineralization	and	specific	veins	have	had	some	
influence	 on	 the	 extent	 and	 direction	 of	 the	
development	 of	 the	 natural	 passages.	 Towards	 the	
eastern	 and	 central	 part	 of	 the	 system,	 passages	
intersect	 with	 the	 Sun	 Vein,	 one	 of	 a	 series	 of	 linked	
veins	 in	 the	 region	 mostly	 trending	 WSW–ENE	
(Dunham,	1990,	p.138).	(The	cave	was	first	discovered	
via	a	rise	driven	in	this	vein).	The	vein	appears	to	have	
acted	 as	 a	 limiting	 feature	 to	 the	 development	 of	 the	
system	 to	 the	 southeast	 of	 the	 rise,	 but	 not	 to	 the	
northwest,	 as	 the	 vein	 seems	 to	 die	 out	 at	 or	 just	
northwest	of	 the	rise.	Also	 the	cave	has	been	 found	to	
intersect	 a	 vein	 (possibly	 one	 of	 the	 SW	 Strings	
branching	 off	 the	 Sun	Vein)	 at	 another	 location	 about	
100m	southeast	 of	 the	 rise,	 and	 this	provides	 another	
boundary	to	the	maze.	It	therefore	seems	probable	that	
the	eastern	limit	of	speleogenesis	for	a	large	part	of	the	
system	was	dictated	by	the	Sun	Vein	and	its	branches.	
The	 northern	 limit	 of	 the	 maze	 is	 also	 defined	 by	
mineralized	faults:	that	of	Middle	Vein	to	the	west	and	
the	continuing	Hudgill	Burn	Vein	to	the	east.	All	of	the	
narrow	 natural	 rifts	 reaching	 this	 fault	 line	 from	 the	
south	terminate	in	either	a	blank	limestone		
wall	 or	 against	 vein	 material.	 However,	 there	 is	 no	
direct	evidence	that	mineral	veins	have	limited	passage	
development	 at	 the	western	 and	 southern	 boundaries	
of	 the	 maze;	 the	 system	 limits	 here	 might	 have	 been	
dictated	 by	 the	 failure	 of	 essential	 conditions	
supporting	 transverse	 or	 lateral	 speleogenesis	 (as	
described	 below).	 For	 example,	 the	 thickness	 of	 the	
confining	 strata	 has	 possibly	 been	 reduced	 due	 to	
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surface	 downcutting	 or	 (more	 probably)	
stratigraphical	 weaknesses	 might	 have	 allowed	 local	
discharge	from	the	speleogenic	aquifer	system.	
	
It	 is	 noted	 that	 across	 the	 Alston	 Moor	 area	 the	 Iron	
Post	 Limestone	 bed	 (0.6m	 thick),	 a	 few	metres	 below	
the	 Great	 Limestone,	was	 known	 to	 be	 impervious	 or	
highly	 resistant	 to	 penetration	 by	 water	 (a	 feature	
indicated	by	 its	name	and	a	cause	of	problems	 for	 the	
Georgian	 miners	 working	 in	 the	 Great	 Limestone).	
Meteoric	 water	 was	 therefore	 likely	 to	 “sit”	 in	 the	
overlying	 clastic	 beds	 of	 the	 Iron	 Post	 cyclothem,	
providing	 opportunities	 for	 the	 aqueous	 attack	 of	
primary	minerals	 in	veins	within	the	Great	Limestone,	
as	discussed	below.	
	
Cave	structure	
	
The	reticulate	network	geometry	of	Hudgill	Burn	Mine	
Caverns	 (Fig.4)	 appears	 straightforward.	 In	 plan	 the	
system	 is	 arcuate,	 the	 main	 axis	 running	 for	 about	
500m	 from	 the	 middle	 of	 its	 northern	 boundary	
initially	 towards	 the	 southeast	 and	 then	 towards	 the	
east.	At	its	northern	edge	the	maze	is	about	220m	wide,	
decreasing	 to	 70m	 in	 the	 middle	 of	 the	 system	 and	
widening	 slightly,	 to	 about	 90m,	 in	 the	 southeast.	 In	
most	 of	 the	maze	 area	 the	 passages	 are	 aligned	 along	
three	major	fracture	trends:	150°–330°,	125°–305°	and	
60°–240°.	 In	 the	northern	part	 the	150°–330°	 fracture	
alignment	 dominates,	 but	 in	 the	middle	 of	 the	 system	
the	 125°–305°	 alignment	 becomes	 more	 pronounced,	
thus	giving	 the	system	 its	arcuate	structure.	 In	 the	 far	
south-eastern	 area	 of	 the	 cave	 another	 alignment	
becomes	 apparent,	 on	 110°–290°,	 giving	 further	
emphasis	 to	 the	 arcuate	 appearance	 of	 the	 cave	 plan.	
Rift-shaped	 passages	 are	 common	 on	 the	 150°–330°	
and	125°–305°	alignments,	and	those	on	the	dominant	
150°–330°	 fracture	 in	 the	 far	 north	 of	 the	 system	 are	
particularly	impressive,	locally	up	to	5m	high	and	0.5m	
wide.		
	
Passages	 with	 narrow	 “playing	 card”	 diamond-	 and	
spade-shaped	 cross-sections	 are	 also	 to	 be	 found	 on	
these	alignments,	 as	are	wide,	 square	passage	profiles	
modified	 by	 the	 collapse	 of	 thin	 rock	 ribs	 between	
adjacent	passages	and	the	amalgamation	of	previously	
separate	 narrower	 passages.	 The	 60°–240°	 alignment	
is	common	in	the	north	and	central	parts	of	the	system	
and	supports	a	preponderance	of	circular	cross-section	
passages,	 many	 with	 a	 slot	 at	 floor	 level.	 V-shaped	
(triangular)	 passages	 are	 also	 common	 on	 this	
alignment.	Many	passage	shapes	are	difficult	to	discern	
in	 totality	 because	 of	 the	 generally	 thick	 layer	 of	
sediment	in	the	lower	parts	of	the	passages.		
	
Some	 of	 these	 fracture	 directions	 fit	 well	 with	 the	
known	orogenic	details	of	 the	Alston	Block.	The	strain	
effects	 of	 Hercynian	 tectonic	 upheavals	 (late	 in	 the	

Carboniferous)	that	followed	the	intrusion	of	the	Whin	
sills	(dated	radiometrically	to	around	290Ma)	resulted	
in	 major	 joints	 trending	 NNW–SSE	 with	 subsidiary	
WSW–ENE	 joints	 (Dunham,	 1990,	 p.62).	 Passage	
morphology	is	discussed	further	below	with	respect	to	
related	speleogenetic	characteristics.	
	
For	 the	 purposes	 of	 description	 and	 exploration	 the	
maze	 system	 has	 been	 divided	 into	 5	 sectors.	 In	 the	
middle	of	 the	 system,	 to	 the	 east	 and	west	 of	Peeping	
Star	 Passage,	 which	 runs	 south-eastwards	 from	 the	
entrance	 shaft	 (Thomas	 Shield’s	 Rise),	 are	 the	
Kamchatka	 and	Kirghiz	 sectors	 respectively.	 To	 the	
southeast	of	 these	 is	 the	Caucasus	 sector,	 split	by	 the	
far	end	of	Peeping	Star	Passage,	beyond	which	 is	 “The	
Thin	 Red	 Line”	 at	 the	 far	 east	 of	 the	 system.	 This	
passage	appears	 to	be	within	50m	of	 the	western	end	
of	 the	 Galligill	 Well	 Vein,	 which	 was	 exploited	 by	
Galligill	 Sike	 Mine,	 1.5km	 southeast	 of	 Hudgill	 Burn	
Mine.	
	
For	much	of	 the	 recent	period	of	 exploration	 the	 area	
north	 of	 the	 cave’s	 entrance	 shaft	 (Thomas	 Shield’s	
Rise)	 was	 accessible	 only	 via	 the	 “Iron	 Curtain”,	 a	
narrow,	 vertical,	 rock	 intrusion	 partially	 blocking	 a	
passage,	 and	 found	 to	 comprise	mainly	multiple	 types	
of	 iron	 oxide	 with	 an	 outer	 coating	 of	 manganese	
oxides.	 In	 this	 northern	 area	 are	 the	 Urals	 sector,	
which	lies	westward	of	the	line	of	the	underlying	mine	
level.	Eastward	of	this	area	is	the	final	part	of	the	cave,	
the	Siberia	sector,	which	again	was	initially	accessible	
only	via	 the	 Iron	Curtain,	 the	 feature	 that	 inspired	 the	
naming	of	the	various	sectors	of	the	maze.	
	
One	 of	 the	 most	 impressive	 passages	 in	 the	 cave,	 in	
remote	Siberia,	is	the	“Trans-Siberian	Highway”,	which,	
although	only	 about	 50m	 long,	 has	 an	unusually	 large	
width	and	height,	each	averaging	4	to	5m.	Here	also	is	a	
large	 area	 of	 collapse,	 the	 hazardous	 “Stalingrad”,	
about	 300m2	 in	 extent,	 where	 fallen	 ceiling	 and	 wall	
blocks	 appear	 to	 fill	 the	 available	 space	 almost	
completely.	
	
The	 system	 is	 two-dimensional,	 i.e.	 it	 comprises	 only	
one	 storey,	 in	 contrast	 to	many	maze	 caves	 that	 have	
formed	 on	 multiple	 levels.	 The	 planar	 surface	 of	 the	
entire	 area	 of	 the	 maze	 is	 essentially	 horizontal,	
reflecting	 the	base	of	 the	Great	Limestone,	which	dips	
at	 about	 1°	 towards	 the	 northeast	 under	 Middle	 Fell.	
On	 the	north-eastern	 edge	of	 the	maze,	 passages	 tend	
to	 be	 wider	 than	 elsewhere	 in	 the	 system	 and	 they	
commonly	 open	 into	 block-strewn	 chambers	 where	
walls	 and	 ceilings	 have	 collapsed	 to	 form	 dangerous	
boulder	ruckles	
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.	Figure	4:	A	survey	of	Hudgill	Burn	Mine	Caverns	by	the	Moldywarps	Speleological	Group	
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Many	passages	end	 in	 chambers,	 and	 indeed	 the	main	
“thoroughfare”	 initially	entered	by	 the	miners	 is	not	a	
continuous	 passage	 but	 one	 that	 twice	 widens	 into	
collapse	 chambers	 (both	 of	 which	 force	 the	 walking	
route	onto	a	slightly	different	alignment).	
	
Most	 of	 the	 floors	 throughout	 the	 system	 are	 covered	
with	 dried,	 allochthonous,	 argillaceous	 sediments,	
generally	of	unknown	thickness.	All	upper	passage	and	
chamber	 walls	 and	 ceilings	 are	 coated	 with	 “sooty”,	
fine-grained	deposits	 laid	down	when	 the	 system	was	
drained.	The	floor	sediments	are	laminated	and	exhibit	
desiccation	 cracks;	 they	 are	 water-lain,	 and	 were	
transported	 by	 translocation.	 Fluvial	 sediments	 are	
absent.	Many	of	the	“sooty”,	black	or	brown	deposits	on	
the	 cave’s	 walls	 and	 ceilings	 are	 “banded”,	 with	
horizontal	 breaks	 or	 “tide	 marks”	 and/or	 subtle	
changes	in	colour	indicating	deposition	during	the	slow	
drainage	of	the	cave.		
	
The	 system	 is	 almost	 entirely	 devoid	 of	 common	
infiltration	speleothems	due	to	the	protective	shale	cap	
rock	 over	 the	 entire	 cave	 area.	 An	 exception	 is	 the	
presence	of	a	limited	amount	of	calcite	flowstone	and	a	
few	 stunted	 helictites	 in	 tall	 rift	 passages	 known	
collectively	 as	 “Murmansk”	at	 the	western	 edge	 of	 the	
Urals	 sector	 of	 the	maze.	 These	 locations	 are	 directly	
below	 the	 northern	 edge	 of	 a	 sandstone	 bed	 –	 the	
Firestone	 Sill	 –	 above	 the	 Great	 Limestone,	 at	 a	 point	
where	the	sandstone	is	incised	by	the	eastern	branch	of	
Hudgill	Burn,	a	likely	point	for	the	infiltration	of	surface	
water.	
	
Currently	 the	 surveyed	 plan	 length	 of	 the	 maze	
passages	 and	 chambers	 is	 13.24km,	 making	 the	 cave	
the	 longest	 maze	 cave	 in	 Britain	 and	 the	 seventh	
longest	 cave	 of	 any	 type	 yet	 explored	 in	 England.	
Probably	 there	 is	 scope	 to	 increase	 this	 total	 length,	
because	 all	 exploration	 to	 date	 has	 been	 carried	 out	
without	 recourse	 to	 serious	 digging	 or	 determined	
attempts	 to	 remove	 obstructions	 such	 as	 boulders	 by	
either	mechanical	or	chemical	means.	
	
Geomorphological	features		
	
Attempts	 have	 been	 made	 to	 characterize	 passage	
morphologies	 quantitatively,	 and	 resultant	
morphometric	analyses	can	be	helpful	in	speleogenetic	
studies,	 as	 described	 below.	 Typical	 parameters	 are	
passage	network	density	(the	ratio	of	the	cave	length	to	
the	area	of	the	cave	field)	and	areal	coverage	(the	area	
of	 the	 cave	 itself	 divided	 by	 the	 area	 of	 the	 cave	 field	
expressed	 as	 a	 percentage)	 (Klimchouk,	 2005a).	 For	
Hudgill	 Burn	 Mine	 Caverns	 these	 parameters	 are,	
respectively,	 386	 km/km2	 and	 38%,	 both	 a	 little	
greater	 than	 other	 maze	 caves	 in	 the	 Northern	
Pennines.	 A	 third	 metric	 sometimes	 used	 in	
morphometric	analyses	is	cave	porosity	(the	fraction	of	
a	cave	block	occupied	by	the	mapped	cavities),	but	this	
has	 not	 been	 measured	 for	 Hudgill	 because	 the	
unknown	 thickness	 of	 sediment	 in	 most	 passages	

throughout	the	system	prevents	accurate	measurement	
of	passage	volumes.	
	

Speleogenetic	aspects	of	Hudgill	Burn	Mine	Caverns	
	
Maze	cave	models		
	
The	 geometry	 of	 “common”	 or	 meteoric	 limestone	
caves	 is	 dictated	 by	 the	 porosity	 of	 the	 rock	 and	
hydraulic	 boundary	 conditions,	 normally	 resulting	 in	
linear	 or	 branch	 work	 caves	 with	 point-to-point	 flow	
routes,	 whereas	 maze	 caves	 consist	 of	 “flow	 nets”	
evolving	from	simultaneous	dissolution	of	all	available	
fractures	at	similar	rates.		
	
Therefore	 mazes	 have	 commonly	 been	 regarded	 as	
more	enigmatic	in	their	origin,	producing	a	wide	range	
of	speleogenetic	theories	that	have	recently	stimulated	
vigorous	academic	debates.	Palmer	(2007,	p.197,	2011)	
proposed	 one	 or	 more	 of	 five	 conditions	 for	 the	
development	of	maze	caves:	high	discharge	along	many	
alternative	 routes;	 short	 flow	 distances	 through	 the	
soluble	 rock;	 a	 sustained	 steep	 hydraulic	 gradient;	
uniform	 recharge	 to	 all	 major	 openings;	 and	
production	of	aggressiveness	within	the	soluble	aquifer	
itself.	Some	of	 these	are	necessary,	 for	example,	 in	 the	
development	of	floodwater	mazes,	developed	around	a	
constriction	 or	 blockage	 in	 a	 stream	passage	 followed	
by	severe	flooding,	as	high	flows	are	ponded	upstream.	
He	 also	 proposed	 another	 epigenic	 model	 –	 diffuse	
recharge	 through	 overlying	 or	 underlying	 insoluble	
rock,	enlarging	all	major	fractures	at	comparable	rates	
owing	to	the	governing	of	flow	by	the	insoluble	rock.		
	
In	 recent	 years,	 however,	 the	 concept	 of	 hypogenic	
cave	 origin	 has	 become	well	 established,	 promoted	 in	
particular	 by	 Klimchouk,	 initially	 in	 the	 1980s	 with	
respect	to	massive	gypsum	maze	caves	in	the	Western	
Ukraine.	 This	 concept	 overturned	 earlier	 views	 that	
these	caves	were	formed	either	by	underground	lateral	
flow	 between	 sub-parallel	 river	 valleys,	 or	 under	
vadose	 conditions	 from	 swallow	 holes	 on	 plateaus	
above.	 Klimchouk’s	 alternative	 theory	 proposed	 that	
the	 caves	 were	 formed	 under	 confined	 conditions	 in	
artesian	 systems	 due	 to	 dispersed	 upward	 recharge	
from	underlying	aquifers	(Klimchouk,	1992).	This	now	
well-developed	 concept	 is	 known	 as	 the	 transverse	
hypogenic	 cave	 origin	model,	 and	 involves	 the	 rise	 of	
water	across	strata	in	the	distal	portions	of	large-scale	
groundwater	 systems	 where	 soluble	 rock	 is	
sandwiched	 between	 less	 permeable	 insoluble	 beds.	
The	 insoluble	 strata	 limit	 the	 flow	 rate	 such	 that	 all	
fissures	 in	 the	 soluble	 rock	 enlarge	 uniformly	
(Klimchouk,	 2005b,	 2007,	 2012).	 The	 concept	 differs	
from	 the	 diffuse	 recharge	 model	 by	 relying	 upon	
aspects	 of	 regional	 flow	 patterns	 and	 by	 requiring	
identification	 and	 inclusion	 of	 a	 characteristic	 suite	 of	
dissolution	features	(Palmer,	2011)	
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Hypogenic	or	epigenic?	
	
Before	 considering	 the	 speleogenesis	 of	 Hudgill	 Burn	
Mine	 Caverns	 it	 is	 important	 to	 understand	 fully	 the	
distinctions	 between	 epigenic	 and	 hypogenic	 maze	
caves.	Most	karst	geologists	define	hypogenic	caves	as	
those	formed	by	water	in	which	the	aggressiveness	has	
been	 produced	 at	 depth	 beneath	 the	 surface,	 in	
contrast	 to	 epigenic	 caves,	which	 are	dependent	upon	
surface	 or	 soil	 CO2	 or	 other	 near-surface	 acid	 sources	
(Palmer,	 2000).	 Epigenic	 maze-cave	 development	
typically	 occurs	 in	 areas	 of	 substantial	 groundwater	
recharge	 and	 is	 normally	 related	 to	 the	 present	
landscape,	commonly	forming	in	the	vicinity	of	narrow	
entrenched	 valleys.	 It	 tends	 to	 be	 concentrated	
between	thin	permeable	but	insoluble	beds	and	occupy	
the	upper	parts	of	well-jointed	soluble	rock	units	such	
as	limestone	beds.	Most	such	caves	are	limited	in	areal	
extent	because	favourable	conditions	tend	to	be	rather	
localized.	 Many	 such	 caves	 terminate	 laterally	 where	
the	cap	is	thick	or	of	low	permeability,	and	are	related	
to	 the	 present	 pattern	 of	 vadose	 infiltration.	 They	 do	
not	require	a	lengthy	period	of	gestation;	speleogenetic	
mass	balance	calculations	imply	the	development	time	
required	 for	 epigenic	 diffuse	 infiltration	 caves	 is	
relatively	 short,	 commonly	 being	 completed	 within	
1Ma,	and	for	the	epigenic	floodwater	model	it	can	be	as	
low	 as	 20,000–100,000	 years.	 (In	 contrast	 the	
transverse	hypogenic	model	requires	far	longer,	unless	
the	molar	solubility	of	the	rock	is	high	or	there	is	local	
production	 of	 dissolutional	 aggressiveness.	 The	
solubility	of	gypsum	is	about	10	times	that	of	limestone	
(Palmer,	 2011),	 and	 thus	 gypsum	 is	 more	 amenable	
than	 carbonate	 rocks	 to	 hypogenic	 maze	 cave	
development.)	
	
The	 criteria	 for	 hypogenic	 transverse	 origin	 caves	 are	
now	 similarly	 well	 established.	 The	 model	 requires	 a	
source	of	recharge	from	below	–	a	laterally	conductive	
bed	 –	 and	 an	 overlying	 aquifer	 bed,	 acting	 as	 a	
governor	for	outflow.	The	overall	 layouts	of	hypogenic	
cave	 systems	 (and	 the	 positions	 of	 their	 entrances)	
show	 no	 genetic	 relationship	 to	 modern	 landscapes,	
and	 the	 cave	 patterns	 are	 strongly	 guided	 by	 the	
primitive	 permeability	 structure	 within	 the	 cave-
bearing	 rock	 unit.	 Three-dimensional	 (multi-storey)	
mazes	are	common	and	may	be	horizontal	or	 inclined,	
stratiform,	 or	 discordant	 to	 bedding.	 If	 the	 recharge	
from	below	is	uniformly	distributed,	passages	that	are	
guided	 by	 the	 same	 set	 of	 fractures	 are	 commonly	
uniform	in	size	and	morphology,	and	there	is	normally	
a	 high	 passage	 density.	 Other	 characteristic	 features	
are	 numerous	 blind	 terminations	 of	 passages	 in	 the	
lateral	 dimension	 and	 abrupt	 variations	 in	 passage	
cross-sections.	 Hypogenic	 cave	 sediments	 are	 almost	
inevitably	 partly	 or	 largely	 autochthonous	 and	 fluvial	
sediments	 are	 absent	 (Klimchouk,	 2007).	 The	 key	
diagnostic	 feature	 in	 determining	 the	 hypogenic	
transverse	 origin	 of	 a	 maze	 cave,	 however,	 is	 its	
passage	 morphology,	 developed	 by	 different	
dissolutional	 mechanisms	 and	 resulting	 in	 a	
characteristic	 group	 of	 dissolution	 features,	 known	 as	

the	 morphological	 suite	 of	 rising	 flow,	 or	 MSRF	
(Klimchouk,	2007,	p.36,	2012b,	p.16).	
	
The	 MSRF	 indicates	 the	 type	 and	 regime	 of	
groundwater	 flow	 and	 the	 modes	 of	 recharge	 and	
discharge,	 and	 consists	 of	 three	 major	 components:	
feeders	 or	 inlet	 features;	 transitional	 wall	 and	 ceiling	
features;	 and	 outlet	 features.	 Inlet	 features	 are	 basal	
input	points	 to	hypogenic	 transverse	 systems	 through	
which	water	 rises	 from	 the	 source	 aquifer.	 Commonly	
they	are	rift-like	features	at	the	floor	of	passages,	which	
extend	down	to	the	contact	with	the	underlying	aquifer	
bed.	 Many	 feeders	 are	 obscured	 by	 the	 presence	 of	
sediment	 fill.	 Transitional	 wall	 and	 ceiling	 features	
include	 rising	 wall	 channels,	 rising	 sets	 of	 coalesced	
ceiling	 cupolas	 (rounded	 pockets)	 or	 upward-convex	
arches,	 and	 separate	 ceiling	 cupolas.	 Cupolas	 on	 the	
ceiling	 are	 commonly	 arranged	 in	 a	 linear	 series,	
comprising	 a	 kind	 of	 channel,	 but	 they	 can	 occur	
separately.	Ceiling	channels,	often	called	half-tubes,	are	
highly	typical	for	hypogenic	caves	that	have	never	been	
filled	with	sediment	to	the	ceiling.	In	large	passages	or	
chambers	where	multiple	 feeders	 are	 present,	 several	
ceiling	 channels	may	 braid	 in	 close	 proximity,	 leaving	
ceiling	 pendants	 in	 between.	 Outlet	 features	 are	
cupolas	 and	 dome-pits	 (vertical	 tubes)	 that	 rise	 from	
the	 ceiling	 of	 passages	 and	 connect	 to	 the	 next	 upper	
storey	or	 to	 the	discharge	boundary	–	 the	 floor	of	 the	
overlying	aquifer	bed,	which	in	many	caves	is	exposed	
at	 the	 outlet	 apex.	 Blind	 terminations	 of	 passages	 are	
inherent	 elements	 in	 almost	 all	 maze	 caves;	 in	 most	
instances	 they	 are	 “dead-ends”	 only	 from	 a	 lateral	
perspective	but	in	the	transverse	flow	scheme	they	are	
open	to	recharge	or	discharge.	Partitions	–	thin	ribs	of	
rock	between	closely	adjacent	passages	–	are	common	
in	 many	 densely	 packed	 maze	 caves,	 where	 bedrock	
separations	 between	 passages	 are	 relatively	 thin	
(Klimchouk,	2007,	p.36).		
	
The	hypogenic	origin	of	Hudgill	Burn	Mine	Caverns	
	
It	 has	 been	 suggested	 that	 the	 maze	 caves	 in	 the	
Yoredale	 limestones	 of	 the	 English	 Pennines	 might	
have	developed,	wholly	or	partially,	either	by	hypogene	
speleogenesis	 or	 under	 sub	 glacial	 speleogenetic	
conditions	 with	 meltwater	 impounded	 by	 wet-based,	
topographically	 directed	 glacier	 flow	 (Waltham	 and	
Murphy,	 2013).	 The	 latter	 mechanism	 requires	 ice	
contact	 conditions	 coupled	 with	 high	 hydraulic	
gradients	and	glacial	hydrology	(Skoglund	et	al,	2010),	
and	has	been	cited	as	the	origin	of	marble	stripe	karst	
maze	caves	in	Norway	(Skoglund	and	Lauritzen,	2011).	
However,	 it	 is	most	 unlikely	 to	 have	 any	 relevance	 to	
Hudgill	 Burn	 Mine	 Caverns	 in	 view	 of	 the	 system’s	
topographical	and	hydrological	positions,	quite	remote	
from	Pleistocene	or	modern	drainage	areas.	There	are	
few	authoritative	references	to	the	origins	of	the	maze	
caves	 of	 the	Northern	 Pennines,	 other	 than	 for	 Knock	
Fell	Caverns.	These	have	been	quoted	as	an	instructive	
example	of	a	densely	packed	hypogenic	maze	(despite	a	
substantial	 overprint	 of	 water	 table	 and	 vadose	
features)	 because	 of	 the	 easily	 recognizable	
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morphological	 suite	 of	 rising	 flow	 (Klimchouk,	 2007,	
p.61;	2012,	p.18).	
	
From	the	above	it	is	immediately	apparent	that	Hudgill	
Burn	 Mine	 Caverns	 display	 many	 features	
characteristic	of	maze	caves	of	hypogenic	origin.	These	
include	 the	 lack	 of	 a	 genetic	 relationship	 with	 the	
present	 landscape,	and	the	absence	of	 fluvial	deposits,	
speleothems	 and	 directional	 flow	 markings	 (scallops)	
from	 vigorous	 flow	 regimes.	 The	 passage	 density	 and	
areal	 coverage	 data	 for	 Hudgill	 confirm	 the	 tightly	
confined	 setting	 of	 the	 maze,	 and	 are	 typical	 of	
hypogenic	 speleogenesis	 (Klimchouk,	 2005a).	
However,	it	is	the	presence	of	many	recognizable	MSRF	
forms	 that	 suggests	 a	 per	 ascensum	 hydrothermal	
origin	of	 the	maze.	The	 feeders	 in	 the	maze	appear	 to	
be,	 at	 least	 primarily	 or	 possibly	 solely,	 rift-like	
features	in	the	floor	of	the	passages,	extending	down	to	
the	 contact	with	 the	 underlying	 aquifer	 bed.	 They	 are	
largely	 obscured	 by	 sediment	 fill.	 The	 extensive	
passage	 development	 relates	 to	 lateral	 flow	
components	 that	reflect	discordance	 in	 initial	porosity	
structure	between	different	horizons.	Transitional	wall	
and	ceiling	 features	of	hypogenic	mazes	 include	rising	
wall	 channels,	 upward-convex	 arches,	 and	 ceiling	
channels	(half	tubes),	all	of	which	are	very	common	in	
Hudgill.	MSRF	outlet	features	commonly	include	dome-
pits	 and	 cupolas,	 neither	 of	 which	 is	 observed	 at	
Hudgill,	 and	 connections	 to	 the	 discharge	 boundary	
generally	comprise	narrow	rising	rifts.	Abrupt	changes	
in	 morphology	 (mostly	 at	 passage	 junctions),	 blind	
terminations	of	passages	and	pillars,	also	 indicative	of	
hypogenic	 cave	 origins,	 are	 found	 throughout	 the	
system	 and	 they	 illustrate	 largely	 independent	 rising	
development	along	numerous	flow	paths.	
	
Influence	 of	 mineral	 veins	 and	 sulphuric	 acid	
speleogenesis	
	
Hudgill	Burn	Mine	Caverns	and	other	maze	caves	in	the	
English	Pennines	are	located	in	either	the	Alston	Block	
or	along	the	northern	edge	of	 the	Askrigg	Block	of	 the	
Northern	 Pennine	 Orefield	 (Dunham,	 1990;	 Dunham	
and	Wilson,	1984),	and	it	is	instructive	to	consider	the	
influence,	 if	 any,	 of	 mineral	 veins	 on	 maze	 cave	
inception	 and	 development	 in	 the	 area.	 The	 idea	 of	
limestone	 and	 sulphidic	 groundwater	 interactions	
playing	a	role	in	cave	development	was	formalized	as	a	
speleogenetic	 mechanism	 by	 Egemeier	 (1973,	 1981)	
and	 Jagnow	 (1979),	 who	 proposed	 that	 caves	 could	
form	 by	 the	 abiotic	 oxidation	 to	 sulphuric	 acid	 of	
mineral	 sulphides	 (for	 example	 pyrite,	 common	 in	
shale	beds)	or	hydrogen	sulphide	(H2S),	processes	now	
termed	 sulphuric	 acid	 speleogenesis	 (Palmer,	 2007,	
p.216).	 The	 sulphuric	 acid	 theory	 of	 speleogenesis	
developed	 largely	 from	 studies	 of	 caves	 in	 the	
Guadalupe	 Mountains	 of	 New	 Mexico	 during	 the	
1970s–1990s,	 but	 the	 process	was	 known	 to	 be	more	
widely	applicable,	and	a	paper	published	in	2000	listed	
six	 caves	 or	 cave	 systems	 elsewhere	 in	 the	 world	
known	or	suspected	to	be	sulphuric	acid	caves	(Jagnow	
et	al.,	2000).	 The	 development	 of	 some	maze	 caves	 in	

particular	 has	 been	 attributed	 to	 a	 component	
sulphuric	 acid	 dissolution	 process	 (Thompson	 et	 al.,	
2011).	 The	 list	 of	 “sulphuric	 acid	 caves”	 has	 now	
expanded	 dramatically;	 for	 example	 a	 recent	 report	
records	 36	 known	 or	 presumed	 such	 caves	 in	 Italy	
alone	(De	Waele	et	al.,	2014a).	
	
The	 role	 of	 inception	 horizons	 –	 stratigraphical	
intervals	 that	 favour	 early	 void	 creation	 –	 is	 also	well	
established	(Lowe,	2004).	These	may	be	related	to	and	
influenced	 by	 thin	 shale	 beds	 and	 also	 by	 subtle	
contrasts	 in	 details	 of	 the	 limestone	 lithology,	
combinations	 of	 which	 can	 provide	 favourable	
conditions	for	the	first	phase	of	dissolutional	activity.	It	
has	 been	 suggested	 that	 shale	 beds	 in	 the	 Yorkshire	
Dales	might	 not	 only	 facilitate	 slip	 during	 faulting	 (so	
increasing	 permeability	 within	 zones	 along	 the	
contacts),	 but	 may	 also	 provide	 atypical	 chemical	
conditions	 that	 enhance	 early	 dissolution	 within	
carbonate	 successions,	 notably	 with	 contained	
minerals	 that	 undergo	 chemical	 breakdown	 (Lowe,	
2013;	Lowe	and	Waters,	2014).	
	
Hudgill	Burn	Mine	Caverns	lie	within	a	complex	zone	of	
epigenetic	mineral	 veins	 rich	 in	galena	 (lead	 sulphide,	
PbS)	 and	 the	 presence	 of	 this	 mineral	 has	 probably	
enhanced	 the	 aggressiveness	of	 rising	 groundwater.	 It	
is	 certainly	 feasible	 that	 sulphuric	 acid	 has	 played	 a	
significant	 role,	 if	 not	during	 the	 inception	 stage,	 then	
in	 subsequent	 hypogenic	 speleogenesis.	 This	 might	
apply	not	 just	 to	 the	Hudgill	Burn	Caverns	but	 also	 to	
other	maze	 caves	 in	 the	 Northern	 Pennines	 including	
Knock	 Fell	 Caverns,	 Faggergill	 Mine	 Caves	 and	 Devis	
Hole	Mine	Caverns.	
	
The	oxidation	of	primary	minerals,	a	process	known	as	
secondary	mineralization,	is	well	known	in	some	parts	
of	the	Northern	Pennine	Orefield.	Galena	can	be	altered	
by	 oxygen-rich	 water	 to	 anglesite	 (lead	 sulphate,	
PbSO4)	 and	 by	 carbon	 dioxide-containing	 water	 to	
cerussite	 (lead	 carbonate,	 PbCO3)	 (Dunham	 and	
Wilson,	 1985,	 p.88).	 The	 18O/16O	 and	 13C/12C	 isotope	
ratios	 of	 carbonate	 minerals	 (including	 cerussite)	
formed	 by	 supergene	 oxidation	 of	 Zn–Pb	 sulphide	
deposits	 have	 been	 studied,	 with	 the	 aim	 of	
characterizing	 the	 conditions	 for	 non-sulphide	 ore	
formation	 (Gilg	 et	 al.,	 2008).	 Study	 results	 allow	
calculation	 of	 an	 average	 formation	 temperature	 of	
20±5°C	for	secondary	mineralization	processes	such	as	
the	formation	of	cerussite.	
	
Much	 of	 the	 lead	 ore	 extracted	 from	 the	 Old,	 Galligill	
Well	 and	 Sun	 veins	 in	 Hudgill	 Burn	 Mine	 was	 in	 the	
form	 of	 cerussite;	Wallace	 (1861,	 p.197)	 states	 of	 the	
mine	 that,	 “by	 driving	 levels	 on	 the	 line	 of	 the	 veins,	
detached	 masses	 of	 rock	 were	 found	 containing	 much	
sulphide	 of	 lead,	 which	 was	 found	 changed	 into	 a	
carbonate	 of	 lead,	 where	 placed	 in	 actual	 contact	with	
the	 clay;	 the	 central	 part	 of	 the	 masses,	 however,	
remained	 a	 sulphide”,	 and	 Dunham	 (1990,	 p.139)	
writes:	 “the	veins	[of	Hudgill	Burn	Mine]	are	unique	 in	
the	 orefield	 not	 only	 for	 their	 structure	 but	 for	 the	
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abundance	 of	 cerussite	 in	 them”.	 The	 observations	
supporting	 these	 statements	 confirm	 that	 there	was	 a	
high	degree	of	secondary	mineralization	in	this	location	
and	 hence	 the	 potential	 release	 of	 large	 quantities	 of	
sulphur	 as	 a	 soluble	 acid,	 probably	 involving	 the	
following	chemical	reactions:	
	
PbS	+	CO2	+	H2O	=	PbCO3	+	H2S	
H2S	+	2O2	↔	H+	+	HSO4−	↔	2H+	+	SO42−	
2H+	+	SO42−	+	CaCO3	=	Ca2+	+	SO42−	+	CO2	+	H2O	

(or	possibly	via	anglesite	as	an	intermediate:	
PbS	+	2O2	=	PbSO4	
PbSO4	+	H2CO3	=	PbCO3	+	H2SO4	

or	via	hydrocerrusite:		
3PbSO4	+2H2O	+	2H2CO3	=	Pb3(CO3)2(OH)2	+3SO42−	+	
6H+	)	

On	 balance	 it	 seems	 more	 likely	 that	 at	 Hudgill	 the	
galena	 altered	 directly	 to	 cerussite,	 a	 process	 that	
occurs	in	areas	where	ground	water	displays	a	high	CO2	
content	and	has	unrestricted	movement	(Olson,	1966).	
	
Hudgill	 Burn	 Mine,	 worked	 from	 1814	 to	 1870,	
produced	a	total	of	54,642	tonnes	of	lead	concentrates	
(of	71.5%	Pb	content	over	1854–70	and	probably	of	a	
similar	content	during	the	earlier	period),	equivalent	to	
about	39,000	tonnes	of	elemental	lead	(Dunham,	1990,	
p.139).	 If	 it	 is	 assumed,	 arbitrarily,	 but	 probably	 not	
unrealistically,	that	two-thirds	of	the	lead	was	mined	as	
cerussite;	 this	 is	 equivalent	 to	 the	 release	 of	 some	
4,200	 tonnes	 of	 sulphur	 in	 acid	 form.	With	 respect	 to	
sulphuric	 acid	 cave	 development	 in	 the	 Guadalupe	
Mountains,	Palmer	and	Palmer	(2000)	have	calculated	
that	 dissolution	of	 1m3	of	 calcite	would	 require	 about	
0.86	 tonnes	 of	 sulphur	 in	 acid	 form.	 Such	 calculations	
include	various	assumptions	(e.g.	that	sufficient	oxygen	
is	 available	 to	 convert	 all	 the	 released	 sulphur	 to	
sulphuric	 acid).	 Nevertheless,	 using	 the	 above	
dissolution	 formula,	 a	 calculation	 of	 amount	 of	
sulphuric	 acid	 (around	 25,000	 tonnes	 expressed	 as	
sulphur)	 required	 to	 dissolve	 the	 estimated	 cave	
volume	(c.30,000m3)	of	the	Hudgill	maze	shows	it	to	be	
of	 the	 same	 order	 of	 magnitude	 as	 that	 possibly	
released,	 thus	 providing	 support	 for	 the	 hypothesis	
that	sulphuric	acid	aided	speleogenesis	in	Hudgill	Burn	
Mine	 Caverns.	 Additional	 support	 is	 provided	 by	 the	
results	 of	 stereomicroscopic	 examination	 of	 the	
limestone	 surface	 in	 several	 areas	 of	 the	 cave;	 these	
show	deeply	pitted	structures	that	differ	from	“normal”	
(carbonic	 acid)	 etched	 surfaces	 but	 which	 are	 as	
expected	from	attack	by	strong	acids.	Studies	of	several	
sulphuric	 acid	 caves	 in	 the	 Americas	 and	 elsewhere	
suggest	 that	 the	 process	 can	 be	mediated	 biologically	
(Barton	 and	Northup,	 2007);	 however,	 the	 extent	 of	 a	
biogenic	 component	 in	 the	 probable	 sulphuric	 acid	
speleogenesis	of	Hudgill	Burn	Mine	Caverns	has	not	yet	
been	investigated.	
	
The	 juxtaposition	 of	 economic	 cerussite	 deposits	 and	
large	 limestone	 caves	 has	 been	 observed	 elsewhere,	
notably	at	the	Ahumada	Lead	Mine	in	the	Sierra	de	los	

Lamentos,	 Chihuahua,	 Mexico	 where	 the	 floor	 of	 a	
natural	cave	600m	long	and	45–75m	wide	was	covered	
with	a	3m-	to	9m-thick	layer	of	anglesite	and	cerussite	
(Joralemon,	 1976).	 Caves	 were	 also	 found	 in	 the	
Sacramento	 Mine,	 Leadville,	 Colorado,	 where	 large	
deposits	of	cerussite	and	silver	were	mined	in	the	 late	
19th	century.	Although	it	was	noted	that	the	caves	had	
formed	 after	 the	 deposition	 of	 the	 ore,	 the	 probable	
role	 of	 sulphuric	 acid	 in	 the	 genesis	 of	 the	 caves	does	
not	appear	to	have	been	considered	(Emmons,	1886).	
	
It	 is	 feasible	 that	 primary	 iron-bearing	minerals,	 such	
as	 pyrite	 (iron	 sulphide,	 FeS2),	 pyrrhotite	 (Fex-1Sx)	 or,	
more	 probably,	 ankerite	 or	 siderite	 (amorphous	 iron-
bearing	carbonates),	within	the	shale	(“grey	beds”)	and	
sandstone	 (“Tuft”)	 strata	 below	 the	 Great	 Limestone	
(Dunham,	 1990,	 p.90)	 could	 also	 have	 contributed	
acidity	 to	 the	 system,	 through	 their	 oxidation	 to	
limonite	 (FeO(OH)·nH2O)	 or	 other	 iron	 oxides.(It	
should	be	noted	that	most	of	the		
limonites	 in	 the	 Northern	 Pennine	 Orefield	 contain	
manganese	 as	 a	 subsidiary	 constituent,	 commonly	 at	
the	3−5%	level;	the	implications	of	this	with	respect	to	
speleogenetic	 deposits	 in	 Hudgill	 Burn	 Mine	 Caverns	
are	discussed	below.)	
	
It	 has	 been	 observed	 that	 transverse	 hypogenic	
processes	 can	 form	 limestone	 cave	 fissures	 up	 to	 a	
metre	 wide	 within	 1Ma	 only	 under	 highly	 favourable	
hydraulic	 conditions,	 unless	 there	 is	 a	 deep-seated	
source	 of	 aggressiveness.	 Thus,	 for	 most	 limestone	
caves,	development	by	such	processes	would	require	a	
local	 hypogenic	 source	 of	 aggressiveness	 (Palmer,	
2011).	 This	 observation	 also	 supports	 the	 thesis	 that	
development	 of	 the	 Hudgill	maze,	 and	 specifically	 the	
enlargement	 to	 the	 large	 volumes	 of	 some	 of	 its	
passages,	 has	 been	 assisted	 by	 the	 elevated	
aggressiveness	of	 solvent	waters	 caused	by	 secondary	
mineralization	 processes	 related	 to	 the	 occurrence	 of	
galena	and	possibly	iron	sulphide.	
It	 has	 been	 argued	 (for	 the	 development	 of	 the	
Guadalupe	 caves)	 that	 rifts	 formed	 along	 fractures	
below	 the	 water	 table	 by	 the	 mixing	 of	 oxygenated	
meteoric	 water	 and	 H2S-rich	 water	 from	 below,	 and	
that	 large	 rooms	 and	 passages	 formed	 at	 the	 water	
table	 above	 the	 rifts	 at	 sites	 of	 rapid	 H2S	 oxidation	
(Palmer	and	Palmer,	2000).	Such	a	hypothesis	can	also	
be	applied	to	Hudgill	Burn	Mine	Caverns.	
However	 it	has	also	been	argued	(from	studies	of	 four	
sulphuric	acid	 caves	 in	France,	 Italy	and	Austria),	 that	
most	 of	 the	 cave	 enlargement	 in	 sulphuric	 acid	 caves	
occurs	above	 the	water	 table,	being	 intimately	related	
to	 the	 contact	 zone	 between	 the	 water	 level,	 from	
which	 H2S	 arises,	 and	 the	 air.	 These	 caves	 have	 been	
called	sulphuric	acid	water	table	caves	in	which,	above	
the	 water	 level,	 condensation	 or	 corrosion	 processes	
create	 a	 set	 of	 rounded	 morphologies	 such	 as	 ceiling	
cupolas	and	mega-scallops	(De	Waele	et	al.,	2014b).	As	
the	 Hudgill	 Burn	 maze	 exhibits	 few,	 if	 any,	 of	 these	
features,	 it	 is	 presumed	 that	 the	 cave	 formed	
principally	below	or	at	the	water	table	and	not	above	it.	
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It	 is	 noted	 that	 the	maze	 has	 formed	 to	 the	west	 and	
south	 of	 the	 main	 known	 locations	 of	 lead	 veins	 on	
Middle	Moor	and	that	the	wider	passages	and	rooms	in	
the	 cave,	 and	 the	 areas	 of	 most	 breakdown	 and	
wall/roof	 collapse,	 are	 in	 the	 northern	 and	 eastern	
sectors	of	the	maze,	where	the	dissolving	waters	would	
probably	have	been	at	 their	most	aggressive.	Finally	 it	
should	 be	 recorded	 that	 the	 proposal	 that	 sulphuric	
acid	 was	 involved	 in	 Hudgill’s	 speleogenesis	 is	 not	 to	
say	 that	 carbonic	 acid	 did	 not	 also	 play	 a	major	 part,	
especially	considering	that	sulphuric	acid	dissolution	of	
limestone	 produces	 large	 quantities	 of	 carbonic	 acid	
(e.g.	 Palmer	 and	 Palmer,	 2012).	 An	 example	 of	 a	
hypogenic	cave	formed	in	two	distinct	phases,	firstly	by	
thermal	CO2-rich	waters	and	subsequently	by	sulphuric	
acid	dissolution,	has	been	described	(Temovski,	2013).	
	
Caves	formed	by	the	most	widely	studied	speleogenetic	
process,	 carbonic	acid	dissolution	of	 limestone,	do	not	
normally	 contain	 remnant	 by-products	 of	 the	process.	
In	 contrast,	 sulphuric	 acid	 speleogenesis	 can	 produce	
by-product	materials	by	alteration	of	sediments	or	the	
limestone,	 or	 by	 precipitation	 of	 dissolved	 species	
(Polyak	 and	 Provencio,	 2001).	 An	 example	 of	 this	 at	
Hudgill	 is	 the	 widespread	 presence	 of	 efflorescences	
and	acicular	crystals	of	selenite	(gypsum,	CaSO4·2H2O)	
on	the	walls	both	of	the	mine	levels	below	the	cave	and	
of	 the	 cave	 passages.	 These	 delicate	 formations,	
presumed	to	result	 from	the	secondary	mineralization	
process	of	the	action	of	sulphuric	acid	on	calcite	when	
the	passages	were	drained	of	water,	again	indicate	the	
probability	 that	 sulphuric	 acid	 played	 a	 role	 in	 the	
cave’s	speleogenesis.	
	
It	 is	 possible	 to	 put	 some	 limited	 timeframe	 on	 the	
development	 of	 the	 maze	 system.	 The	 balance	 of	
evidence	 –	 both	 chemical	 (primarily	 isotope	 ratio	
studies)	 and	 geological	 –	 favours	 a	 Hercynian	 age	 for	
primary	 mineralization	 in	 the	 Alston	 Block,	
commencing	 soon	 after	 the	 cooling	 of	 the	 Whin	 sills	
and	 continuing	 into	 Permian	 time	 (Dunham,	 1990,	
p.97).	 The	 mineralization	 resulted	 from	 depositions	
during	 the	 circulation	 of	 hypersaline	 waters,	
convection	driven	by	 residual	heat	 conducted	 through	
the	 Weardale	 Granite	 (age	 of	 crystallization	 about	
410±10Ma).	 According	 to	 Dunham	 (1990,	 p.89),	
subsequent	 to	 this	 “the	 circulation	 of	 meteoric	 waters	

carrying	 carbon	 dioxide	 in	 solution	 led	 not	 only	 to	 the	
chemical	changes	in	the	mineral	deposits	[i.e.	secondary	
mineralization],	 but	also	 to	 the	 formation	of	 caverns	 in	
the	limestones,	the	origin	of	which	is	independent	of,	and	
later	 than,	 the	 primary	 mineralisation”.	 The	 present	
study	of	Hudgill	Burn	Mine	Caverns	 supports	 the	 idea	
that	 secondary	 mineralization	 and	 cavern	
speleogenesis	 in	 the	 Northern	 Pennines	were	 broadly	
contemporaneous,	 and	 also	 that	 speleogenesis	 was	
assisted	 by	 the	 secondary	mineralization	 process	 due	
to	 the	 release	 of	 sulphur	 (from	 primary	 minerals)	 in	
the	form	of	a	soluble	acid.	This	thesis	is	also	supported	
by	 earlier	 observations	 (related	 to	 the	 Carlsbad	 caves	
in	 the	USA)	 that	during	periods	of	water-table	decline	
through	 sulphide	 ore	 zones,	 cave	 passages	 probably	
form	along	pre-existing	water	tables	and	that	oxidation	
of	 sulphides	 also	 occurs	 simultaneously	 along	 pre-
existing	water	tables	(Polyak	and	Provencio,	2001).	
	
Conclusions	
	
Currently	the	Hudgill	Burn	Mine	Caverns	are	distinctive	
and	unique	with	respect	to	many	aspects	of	speleology	
in	 Britain.	 Among	 these	 aspects	 is	 its	 exploration	
history;	 probably	 there	 is	 no	 other	 example	 where	
almost	200	years	has	elapsed	between	a	cave’s	original	
discovery	 and	 its	 systematic	 exploration	 and	
examination.	 Equally	 distinctive	 for	 maze	 caves,	
certainly	 in	 Britain,	 are	 its	 size,	 complexity	 and	
geomorphology.	 The	 cave	 displays	 a	 reticulate	
geometry	 guided	 by	 four	 major	 fracture	 sets,	 with	 a	
notably	high	passage	network	density	 of	 386	km/km2	
and	a	total	surveyed	plan	length	of	13.24km.	Hypogenic	
transverse	 origins	 are	 suggested	 by	 the	 presence	 of	
many	 “morphological	 suite	 of	 rising	 flow”	 (MSRF)	
dissolution	features.	
	
Maze	 caves	 in	 limestone	 can	 form	within	 geologically	
feasible	timescales	only	 if	 there	 is	an	enhanced	source	
of	 local	aggressiveness	(additional	 to	carbonic	acid)	 in	
the	 phreatic	 waters.	 Hudgill	 might	 be	 unique	 in	
possibly	 having	 at	 least	 three	 such	 sources:	 sulphuric	
acid	 resulting	 from	 the	 secondary	 mineralization	 of	
galena	 to	cerussite	 in	adjacent	mineral	veins,	 and	also	
from	similar	breakdown	of	sphalerite	in	the	veins,	and	
the	same	acid	arising	 from	oxidation	of	 iron	sulphides	
in	 surrounding	 sandstone	 and	 shale	 strata.
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Cautions	
	
Hudgill	Burn	Mine	Caverns,	although	devoid	of	hazards	relating	to	rainfall	and	water	levels,	are	not	without	risk.	The	
possibility	of	becoming	lost	is	very	real	(a	copy	of	the	survey	and	a	compass	are	vital	accompaniments	to	a	visit)	and	
the	 presence	 of	many	 loose	 boulders	 on	walls	 and	 ceilings	 is	 also	 a	 potentially	major	 problem.	 Visitors	 to	 the	 cave	
should	be	aware	both	of	the	presence	of	radon	in	the	mine’s	atmosphere	and	of	the	health	risks	associated	with	this	gas.	
The	high	content	of	zinc	in	the	“sooty”	deposits	throughout	the	system	might	also	pose	a	health	hazard	if	 ingested	or	
inhaled.	
		
Access	to	the	cave,	which	is	on	private	land,	is	highly	restricted.	The	Cumbria	Amenity	Trust	Mining	History	Society	
manages	access	on	behalf	of	the	landowner.
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Photo	1:	A	fallen	roof	block	in	Peeping	Star	Passage.	The	wall	ledges	illustrate	the	lithological	variations	
within	the	Great	Limestone	(photo:	J	Dale).	

	
	

	
	
	

Photo	2:	The	Trans-Siberian	Highway	(photo:	J	Dale).	
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Industrial	Narrow	Gauge	Railways	on	Alston	Moor	and	the	South	Tyne	Valley	
	

Alastair	Robertson	
	

	
Almost	 all	 of	 the	 extractive	 industries	 of	 Alston	Moor	
have	 vanished,	 along	 with	 their	 tramways,	 and	 today	
there	are	only	two	railways	operating	on	Alston	Moor,	
one	 is	 the	 South	 Tynedale	 Railway	 that	 serves	 an	
entirely	 different	 industry	 -	 the	 modern	 industry	 of	
tourism	-	and	the	other	is	to	be	found	at	one	of	the	few	
remaining	 coal	 mines	 in	 the	 country,	 Ayle	 Pit,	 on	 the	
county	 boundary	 between	 Cumbria	 and	
Northumberland.	 	 	 	
	
The	 idea	 of	 narrow	 gauge	 railways	 at	 first	 seems	
completely	 out	 of	 place	 in	 the	 north	 of	 England,	 the	
home	 of	 the	 ‘Stephenson	 gauge’.	 The	 first	 reaction	 is	
that	narrow	gauge	has	no	business	to	be	here;	it	should	
be	in	Wales	where	it	belongs.	But,	on	reflection,	narrow	
gauge	railways	were	all	over	the	north,	mainly	unseen	
down	the	mines,	including	those	here	on	Alston	Moor.	
	
Anyone	 visiting	 this	 area	 can’t	 fail	 to	 be	 aware	 of	 the	
many	 spoil	 heaps,	 mostly	 from	 lead	 mines	 but	 also	
from	 coal	 mines.	 At	 all	 of	 these	 sites	 there	 were	
railways,	or	tubways,	or	tramways,	call	them	what	you	
like,	and	all	of	them	were	narrow	gauge,	usually	around	
the	 2	 ft.	 or	 60	 cm.	 mark.	 One	 of	 the	most	 interesting	
aspects	 of	 railways	 is,	 of	 course,	 their	 motive	 power,	
and	here	 on	Alston	Moor	we	had	 the	 lot	 -	manpower,	
horsepower,	 gravity	 inclines,	 stationary	 engines	 and	
even	 locomotive	 engines.	 There	 were	 also	 aerial	
ropeways.	
	
The	tramways	don’t	have	a	very	exciting	history	but	it’s	
worth	recording	them	all	the	same,	or	at	least	some	of	
them,	because	a	 lot	of	small	 lead	mines,	 too	numerous	
to	 be	 of	 individual	 interest,	 had	 just	 a	 single	 track	
leading	from	the	mine	entrance	to	the	spoil	heap.	Most	
of	 the	 remaining	mines	 had	 one	 or	 two	 sets	 of	 points	
and	 perhaps	 a	 passing	 loop,	 while	 a	 select	 few	 were	
more	 elaborate.	 All	 of	 the	 lines	 in	 existence	 when	 I	
examined	 them	 in	1996,	when	 the	photos	were	 taken,	
were	colliery	lines.		
	
For	 the	 sake	 of	 convenience	 I’ll	 call	 the	 railways	
‘tramways’,	 and	 for	 this	 account	 of	 them,	 with	 their	
associated	 mines	 and	 quarries,	 the	 First	 Edition	
Ordnance	 Survey	map	 of	 1860	was	 used	 as	 a	 starting	
point,	 because	 this	 was	 the	 time	 of	 their	 heyday.	 The	
Second	Edition	map	of	1899	was	also	used.	Some	of	the	
oldest	 systems	 are	 not	 described	 because	 there	 is	 no	
written	record,	or	oral	record,	or	any	illustration	other	
than	 their	 track	 plan	 on	 the	 map.	 Documentary	
information	 is	hard	 to	come	by	because	 the	 tramways	
were	 an	 everyday	 feature,	 they	 came	 and	 went	 and	
were	 taken	 for	 granted.	 A	 lot	 of	 information	 was	
gathered	 in	 1996,	 when	 Ayle	 and	 Clarghyll	 collieries	
were	working,	Tows	Bank	and	Blagill	had	only	recently	
closed	and	Flowedge	still	had	a	lot	of	rolling	stock	on		

	
	
site.	After	 a	period	of	 closure	Ayle	Colliery	 came	back	
into	operation	some	years	ago.	
	
Railway	Locations	
	
Tows	Bank		 	 	 Coal	Mine	
Slaggyford	Fell	End		 	 Limestone	Quarry	
Barhaugh		 	 	 Coal	Mine	
Whitelea		 	 Lead	Mine	and	Crushing	Mill	
Ayle		 	 	 	 Coal	Mine	
Clarghyll		 	 	 Coal	Mine	
Goodfellow		 	 	 Coal	Mine	
Blagill		 	 	 	 Lead	Mine	
Blagill		 	 	 	 Coal	Mine	
Flowedge		 	 	 Coal	Mine	
Rotherhope		 	 	 Lead	Mine		
Newshield	 								Limekilns	and	Limestone	Quarry	
Woodlands		 	 	 Ironstone	Mine		
Alston	Station	 	 									Standard	gauge	railway	
Haggs	Bank		 	 	 Lead	Mine	
Nentsberry		 	 	 Museum	
Nenthead		 	 	 Lead	Mines	
	
	
TOWS	BANK	(686563)			

	
Tows	Bank	was	a	coal	mine	near	the	hamlet	of	Eals	on	a	
site	where	 there	 had	 been	 previous	 unrecorded	 small	
workings.	 In	 1986	 the	 colliery	 started	working	 a	 coal	
seam	 12”	 thick	 with	 a	 lot	 of	 water	 further	 in.	 In	 a	
review	 of	 coalmines	 of	 the	 area	 in	 1988,	 Tows	 Bank	
was	 described	 as	 being	 in	 the	 early	 stages	 of	
development	and	during	its	working	life	the	maximum	
number	of	men	employed	was	about	twenty.	When	the	
operation	 finished	only	a	 few	years	 later	 in	1996,	one	
of	 the	 reasons	 for	 closure	was	 that	 the	 pit	was	 so	 far	
underground	 that	 by	 providing	 lighting	 and	 pumping	
air	and	water	the	generator	had	reached	its	maximum	
capability	 and	 mains	 electricity	 would	 have	 been	 too	
costly	to	install.	
	
At	first	the	pit	was	worked	from	two	drift	entrances	but	
in	the	later	stages	the	upper	entrance	was	used	only	for	
air	circulation	and	emergency	access.	For	the	first	three	
or	 four	 years	 a	 four-wheel	 drive	 dumper	 truck	 was	
used	to	transport	the	coal	up	the	steep	hillside	from	the	
drift	mouth	at	the	bottom	of	the	valley	overlooking	the	
river	 to	 the	 screens	 at	 the	 top,	 assisted	 at	 times	 by	 a	
tractor,	but	the	surface	of	the	track	became	too	difficult	
in	 bad	 weather	 and	 in	 general	 it	 was	 a	 cumbersome	
system,	so,	as	output	was	increasing,	the	tramway	was	
installed.	
The	decision	 to	 install	 a	 tramway	system	was	a	major	
investment,	as	the	dumper	truck	had	been	adequate	for	
the	 expected	 and	 actual	 output	 in	 the	 early	 days	 and	
the	 operation	 took	 only	 one	 man.	 The	 inclined	 plane	
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tramway,	 on	 the	 other	 hand,	 had	 to	 have	 one	man	 at	
the	top,	one	at	the	bottom	and	one	in	the	middle,	which	
put	a	strain	on	the	economics	of	the	anticipated	output.		
				

	
Figure	1	Tows	Bank	adit	and	Incline	

			 	
	
Apart	 from	 the	 South	 Tynedale	 Railway,	 in	 the	 early	
1990’s	 the	 track	 at	 Tows	 Bank	 was	 the	 longest	
overground	 narrow	 gauge	 railway	 in	 the	 valley,	
running	 for	 a	 distance	 of	 about	 300	 yards	 (275m).	
There	 were	 never	 any	 loco’s,	 an	 electric	 stationary	
engine	at	 the	bottom	of	 the	hill	hauled	 the	 tubs	out	of	
the	pit,	 and	a	diesel	 engine	at	 the	 top	hauled	 them	up	
the	incline.		
	 	
	
The	rails	were	probably	bought	secondhand	and	laid	to	
a	 gauge	 of	 1’11”	 or	 2’0”.	 The	 track	 was	 single	
throughout.	 Being	 mechanically	 hauled	 rather	 than	
gravity,	 the	 railway	 had	 no	 need	 for	 a	 passing	 loop.	
Points	near	to	the	bottom	of	the	 incline	were	 installed	
for	an	escape	lane	in	case	of	a	runaway,	but	they	were	
found	 to	 be	 unnecessary	 and	 were	 removed.	 The	
scissors	crossover	as	seen	in	the	photograph	is	a	work	
of	 art,	 built	 in	 situ	 by	 the	miners.	 The	 construction	 of	
the	 points	 with	 the	 single	 blade	 was	 inspired	 by	 an	
ancient	wooden	example	found	in	another	mine.	
	
	
As	to	the	rolling	stock,	side-tipping	trucks	(V-skips	with	
a	 gauge	 of	 1’7”),	were	 first	 used	 in	 about	 1990,	 to	 be	
tipped	manually	into	the	screens	at	the	top	of	the	line.	
These	 were	 exchanged	 for	 square	 tubs	 to	 use	 in	 the	
rotary	 tippler	 for	 ease	 of	 handling.	 The	 square	 tubs	
were	 obtained	 secondhand	 from	 New	 Brancepeth	
Colliery	 and	 re-gauged.	 Five	 or	 six	 tubs	 made	 a	 rake,	
each	tub	weighing	14	cwt.	when	empty.	
	

	
	
	
	
	
	
	
	
	
	

Figure	2	Tows	Bank	hauler	

	
						 	
	 	
SLAGGYFORD	FELL	END	QUARRY	(677522)		
	
Unfortunately	not	much	is	known	about	this	limestone	
quarry	 situated	 to	 the	 southwest	 of	 Slaggyford	 on	 the	
Hope-Wallace	 estate.	 A	 twenty-one	 year	 lease	 was	
drawn	 up	 in	 December	 1906	 for	 Mr	 Cowens	 of	
Newcastle	 and	 Mr	 Arkle	 of	 Rothbury.	 A	 lease	 was	
revived	in	1917	for	the	extraction	of	limestone	and	for	
coal	to	burn	lime.	This	could	have	been	the	renewal	of	
an	 agreement	 made	 on	 10th	 April	 1915	 between	 the	
Anthracite	 and	 Coal	 Company	 and	 the	 North	 Eastern	
Railway	 for	 a	 siding	 and	 a	 gantry	 over	 the	 railway	 at	
Slaggyford.	 Under	 the	 new	 company,	 a	 tramway	 was	
laid	 from	 the	 railway	 at	 Slaggyford	 to	 newly	 built	
limekilns	on	the	valley	side.		
	
The	motive	power	for	this	attractive	little	railway	is	not	
known,	but	the	route	ran	from	its	terminus,	the	gantry	
over	the	Alston	branch,	through	a	very	shallow	cutting,	
then	 for	about	½	mile	uphill	 through	 the	 fields	before	
turning	a	sharp	bend	to	the	north	and	then	reversing	to	
the	quarry.		
	
The	line	appears	on	the	3rd	Edition	O.S.	Map	and	today	
the	gantry	abutment	and	the	short	shallow	cutting	can	
be	seen	on	the	west	side	of	the	old	railway	track	bed.		
	
References:	
NRO:	ZMD	44/7;	24/12/1906	Draft	 lease	from	J.	Hope	
Wallace	to	Messrs’	Cowens	&	Arkle	
ZMD	 44/6;	 Draft	 agreement	 of	 above.	 ZMD	 44/9;	
Correspondence	1884-1919		
Beavis	 Collection	 2307/7.	 Jackson’s	 Slaggyford	 Coal	
and	Ochre	c1913-1917	–	on	map.	
	
	
BARHAUGH	(698507)		
	
This	coal	mine	lies	high	on	the	valley	side	between	Ayle	
and	 Barhaugh.	 The	 older	 workings	 of	 the	 coal	 seam	
overlooking	 the	Barhaugh	Burn	were	opened	 in	1952,	
possibly	 by	 a	 company	 called	Robson’s	 after	 they	 had	
abandoned	Blagill	mine,	with	an	aerial	ropeway	to	the	
main	 line	at	Slaggyford.	The	aerial	 ropeway	was	not	a	
success	 -	 it	 was	 unintentionally	 self-tipping	 so	 that	
Barhaugh	Hall	got	a	lot	of	free	coal.	A	local	miner	once	
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took	a	ride	 in	one	of	 the	 tubs,	which	would	have	been	
rather	alarming	as	well	as	scenic!		
	
The	mine	was	sold	in	about	1962	after	which	it	worked	
only	a	 few	years	before	 it	closed	 in	about	1966.	While	
in	operation	the	mine	 tubs	were	hauled	to	 the	surface	
using	a	stationary	haulage	engine.	
	
Many	 years	 later	 the	 son	 of	 the	 original	 mine	 owner	
worked	 the	 same	 seam	 but	 with	 a	 new	 entrance	
overlooking	 the	 South	 Tyne	 valley.	 By	 this	 time	
Planning	 Regulations	 and	 the	 Area	 of	 Outstanding	
Natural	 Beauty	 (AONB)	 had	 come	 into	 being	 and	
permission	to	operate	was	at	first	refused.	Consent	was	
only	 obtained	 when	 the	 owner	 agreed	 to	 make	 the	
entrance	 blend	 in	 with	 the	 AONB	 conditions.	 Mining	
started	 about	 1989	 but	 closed	 only	 a	 few	 years	 later.	
The	mine	building	beside	the	road	is	so	well	disguised	
as	a	barn	that	it	is	hard	to	recognise	as	a	mine.		
	

Figure	3	Barhaugh	coal	mine	building	

	
	
The	operation	consisted	of	rope	hauled	tramway.	Tubs	
were	 taken	 in	 empty	 by	 a	 stationary	 engine	 operated	
by	 compressed	 air	 and	 brought	 out	 full	 by	 stationary	
diesel	engine.	The	4	cwt.	tubs	were	from	Settlingstones	
mine,	via	Flow	Edge	pit	and	then	to	Barhaugh.	Later	on,	
6	 cwt.	 tubs	were	used	which	were	 standard	NCB	 size.	
The	 chassis	 were	 bought	 from	 a	 brickworks	 on	
Tyneside	and	had	to	be	re-gauged	but	they	were	much	
better	 to	 work	 because	 they	 had	 individual	 wheel	
bearings.	
	
	
WHITELEA	CRUSHING	MILL	(727497)	
	
This	served	a	 lead	mine	on	the	boundary	between	the	
old	 county	 of	 Cumberland	 and	 Northumberland	 and	
although	I	made	the	rule	that	a	tramway	with	no	points	
was	not	to	be	included	this	is	the	exception.	The	site	is	
included	because;	apart	from	the	standard	gauge	main	
line	down	in	the	South	Tyne	valley,	Whitelea	is	the	only	
railway	 on	Alston	Moor	 to	 cross	 a	 county	 boundary	 –	
from	Cumberland	into	Northumberland.	The	site	can	be	
inspected	from	the	road	and	it	is	interesting	because	it	
had	 all	 the	 necessary	 lead	 mine	 and	 crushing	 mill	
workings	 in	 miniature.	 There	 is	 a	 reservoir,	 an	
undershot	water	wheel	 pit,	 the	 building	 platform	 of	 a	
small	 crushing	 mill	 and	 a	 tramway	 across	 the	 Ayle	

Burn,	which	 forms	 the	county	boundary,	 and	 the	 road	
to	 the	 lead	 mine	 entrance	 at	 what	 later	 became	 Ayle	
Colliery.		
	
	
AYLE	(729498)	
	
Situated	 on	 the	 boundary	 between	 Cumbria	 and	
Northumberland,	 this	 was	 a	 drift	 coal	 mine	 that	 had	
previously	 been	 a	 lead	mine,	 and	on	 same	 site	 can	be	
seen	 the	 remains	 of	 a	 limestone	 quarry	 and	 two	
limekilns.	 It	 closed	 in	 the	 spring	 of	 2005	 but	 for	 the	
past	 few	years	 it	 has	 been	working	 again.	 Please	note	
that	this	is	a	private	industrial	site	to	which	there	is	no	
public	access.		
	
The	Shepherd	family	worked	the	coal	seam	until	about	
1938	 from	 an	 entrance	 upstream	 from	 the	 later	
workings.	 In	 a	 later	phase	of	 operation	 the	Shepherds	
worked	 from	 the	 same	 entrance	 before	 opening	 the	
present	level	nearer	to	the	road.		
	
In	 1996	 only	 about	 ten	 yards	 of	 track	 were	 above	
ground	 at	 the	mine	 and	 they	were	under	 the	 cover	 of	
the	coal-screening	shed.	On	reaching	‘out-bye’	the	tubs	
were	emptied	 into	 the	screens	by	a	rotary	 tippler.	But	
what	is	of	special	interest	was	the	motive	power.	Up	to	
the	 closure	 of	 the	 mine	 there	 were	 two	 battery	
locomotive	 engines	 in	 operation	 at	 any	 one	 time,	 one	
going	to	and	from	the	coal	face	and	the	other	on	charge,	
which	 took	 about	 seven	 or	 eight	 hours.	 The	 engines	
were	 Clayton	 battery	 loco’s,	 built	 probably	 in	 the	
1960’s.		
	
Standing	 idle	 there	 used	 to	 be	 a	 ‘Pony’	 loco	made	 by	
Oldhams;	 it	 was	 powerful	 but	 the	wheelbase	was	 too	
short	 for	 smooth	 running.	 The	 short	 wheelbase	 was	
designed	to	make	the	loco	suitable	to	be	hauled	up	and	
down	 in	 the	 cage	 of	 a	 mineshaft.	 There	 was	 also	 a	
petrol-driven	 loco	 named	 ‘Tiny	 Tim’	 which	 was	 for	 a	
time	preserved	at	the	South	Tynedale	Railway	but	later	
returned	to	the	colliery.	
	

Figure	4	Battery	locomotive	at	Ayle	Coal	mine	

	
	
	
Disused	 loco’s	 were	 on	 site	 in	 1996,	 one	 of	 which	
possibly	 came	 from	 Hatfield	 that	 had	 rubber	 tyres,	
designed	 in	 an	 attempt	 to	 increase	 traction	 on	
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gradients	of	1	in	15	down	the	mine,	but	the	tyres	wore	
out	 quickly	 and	 in	 any	 case	 were	 found	 to	 be	
unnecessary.	 Instead,	buckets	of	 sand	balanced	on	 the	
engine	were	used	instead	for	extra	traction.		
	
To	 transport	 the	 coal,	 some	12	 cwt.	 tubs	were	bought	
from	 Blenkinsopp	 Colliery	 further	 down	 the	 South	
Tyne	 valley	 near	Haltwhistle,	 but	 they	were	 not	 used.	
More	 tubs	 were	 bought	 from	 Cornsay	 Colliery	 in	
County	 Durham	 and	 these	 were	 not	 used	 either,	 but	
they	did	serve	a	purpose	when	they	were	cut	down	by	
a	 fitter	 at	 the	 colliery	 to	 make	 9	 cwt.	 tubs.	 This	
modification	was	possibly	done	on	 site	or	 somewhere	
else	 on	 the	 Moor.	 In	 the	 mine	 another	 piece	 of	
machinery	of	interest	was	an	AB15	coal	cutter	powered	
by	a	side-valve	engine	from	an	old	Morris.	
	
During	the	Second	World	War,	on	the	uphill	side	of	the	
road	west	 of	 the	 Ayle	 pit	 towards	 the	 hamlet	 of	 Ayle,	
there	was	a	gravity-worked	incline	for	a	ganister	mine	
or	 quarry,	 but	 nothing	 more	 is	 known	 about	 this	
operation.		
	
With	grateful	acknowledgements	for	the	thoroughness	
and	generosity	for	making	this	information	available	to	
the	public,	the	following	statistics	from	Durham	Mining	
Museum	can	be	viewed	on	the	internet:	
	
Year	 	 No.	employed	
	 	 u/g	 above	
1935	 	 		8	 4	 	
F.G.	Heads,	managing	director,	secretary	and	fitter	
1937	 	 14	 5	 	
Director	T.	Heads,	Manager	S.	Shepherd	until	1947,	W.	Heads	
1940	 	 14	 5	
1940	 	 10	 -	
East	Drift,	Manager	S.	Shepherd.		
1950	 	 		5	 1	
1960	 	 12	 6	
1972	 	 15	 2	
1980	 	 		6	 2	 	
Manager	J.	Shepherd	
1985	 	 		8	 2	
1987	 	 12	 2	
1988	 	 10	 1	
1989	 	 11	 1	
1990	 	 11	 1	
1991	 	 --	 -		
	
	
CLARGHYLL	(729495)		
	
This	coal	mine	is	on	the	opposite	side	of	the	Ayle	Burn	
from	Ayle	 Pit	 and	 can	 be	 seen	 from	 the	A686	 road	 to	
Hexham.	This	early	mine	was	in	production	some	time	
in	 1800’s,	 but	 later	 than	 the	 Enclosure	 Map	 of	 1820.	
The	 modern-day	 operation	 was	 established	 in	 1940	
and	 lasted	 until	 the	 early	 1990’s,	 only	 to	 reopen	 in	
1996	 then	 close	 again	 seven	 or	 eight	 years	 later.	 As	
with	all	coalmines	on	Alston	Moor	this	was	a	drift	mine,	
that	is,	it	had	a	horizontal	entrance	rather	than	a	shaft.	
The	drift,	or	tunnel,	was	1.8m	high	by	1.8m	wide,	along	
which	 the	 tubs	 were	 cable-hauled	 in	 and	 out	 by	 a	
stationary	engine	with	two	cable	drums	on	the	surface	

outside.	For	 ‘shunting’	the	tubs,	the	motive	power	was	
manpower.	

	
The	short	siding	seen	in	the	photo	is	a	stone	dump	for	
rubbish	 unintentionally	 included	 with	 the	 coal.	 The	
coal	 screens	 had	 possibly	 been	 brought	 in	 from	 a	
nearby	 abandoned	 colliery	 called	 High	 Row,	 a	 mile	
away	 between	 Ayle	 and	 Barhaugh.	 The	 track	 was	
possibly	 obtained	 from	 Haggs	 Bank	 lead	 mine	 near	
Nenthead.	The	tubs,	which	had	been	made	on	site,	were	
formed	into	sets	of	eight	or	twelve.	The	maximum	load	
was	400kg	per	tub	and	the	maximum	speed	was	5	mph.	
A	 telephone	 lockout	 was	 used	 for	 haulage	
arrangements.	In	the	nearby	storage	area	there	were	a	
couple	 of	 stray	 metalliferous	 side-tipping	 tubs	 with	 a	
‘U’	shaped	cross	section,	not	the	rectangular	section	of	
the	coal	tubs.	
	

Figure	5	Clarghyll	coal	mine	

	
	
	
GOODFELLOW	PIT	(724485)			
	
This	coal	mine	was	situated	uphill	from	the	minor	road	
not	 far	 from	 the	 Clargill	 road	 junction	 to	 Blagill.	
Goodfellow	Pit	was	a	coal	mine	noted	in	1889	as	having	
a	3’6”	seam	and	in	1901	it	employed	ten	or	eleven	men.	
It	was	nicknamed	 ‘Linger	and	Die’	because	of	 its	habit	
of	 repeatedly	 opening	 and	 closing	 –	 lingering	 and	
dying.	 After	 the	 general	 strike	 of	 1926	 the	men	went	
back	 to	 work	 but	 the	 pit	 closed	 again	 in	 1933,	
temporarily	 as	 it	 turned	 out	 because	 it	 was	 worked	
again	 in	 the	 1950’s,	 perhaps	 supplying	 coal	 to	 the	
limekilns	at	nearby	North	Lonnen.		
	
A	 tramway	 is	 shown	 on	 the	 2nd	 edition	 O.S.	 map	 of	
1899	and	 the	3rd	edition	map	of	1922.	The	 route	 can	
be	 traced	 quite	 plainly	 today	 along	 the	 hillside	 at	 a	
surprisingly	 easy	 gradient.	 There	 is	 one	 minor	 civil	
engineering	 work	 where	 a	 ditch	 is	 bridged	 by	 an	
embankment.	The	track	left	the	mouth	of	the	drift	and	
soon	divided	in	two	as	a	siding	went	to	the	spoil	heap.	
The	 line	 continued	 downhill	 for	 a	 distance	 dividing	
again	 at	 the	 drops	 for	 the	 coal	 to	 be	 taken	 away	 by	
road.	Apart	from	the	photograph	no	record	is	available	
of	the	rolling	stock,	or	the	means	of	haulage,	etc.	
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Figure	6	Goodfellow	Pit	

	
	
	
BLAGILL	LEAD	(740473}	
	
This	 lead	mine	 below	 the	 hamlet	 of	 Blagill	 beside	 the	
River	 Nent	 just	 qualifies	 for	 inclusion	with	 one	 set	 of	
points,	 the	 simplest	 of	 layouts	 after	 a	 single	 track,	 it	
would	 have	 been	 man-hauled	 or	 horse-hauled.	 The	
rails	left	the	adit,	or	entrance	level,	then	ran	for	several	
yards	 and	 divided,	 one	 siding	 to	 the	waste	 dump,	 the	
other	 to	 the	 bingsteads	 where	 the	 bouse	 was	 tipped.	
The	site	is	now	a	very	pleasant	little	dell,	the	heaps	are	
overgrown	 and	 the	 valley	 sides	 covered	 with	 mature	
trees.	 It	takes	some	careful	study	from	the	roadside	to	
pick	out	the	industrial	remains.	
	
	
BLAGILL	COAL	(742477)		
	
	
The	coal	seam	worked	above	the	hamlet	of	Blagill	is	the	
same	 as	 that	worked	 at	 Ayle,	 Clargill,	 Goodfellow	 and	
the	 others.	 When	 the	 seam	 was	 worked	 during	 the	
nineteenth	 century,	 by	 the	 Alston	 Lime	 Company,	 it	
was	entered	from	Mount	Hooley	(728474)	to	the	west	
of	Blagill,	where	spoil	heaps	can	be	seen	over	the	wall	
by	 the	 roadside.	 This	 was	 the	 mine	 that	 would	 have	
been	 served	 by	 a	 3ft	 gauge	 tramway	 from	 the	
limeworks	proposed	in	1880.	The	company	abandoned	
the	mine	in	1906;	it	was	reopened	in	1937	by	Walton’s	
Alston	Lime	and	Coal	Company,	only	to	be	closed	again	
in	1952.	
	
	
The	 latest	working	of	 the	 seam	started	 in	1986	above	
Blagill	 on	 the	 other	 side	 of	 a	 geological	 fault	 under	
Mount	Hooley	and	 in	1988	 the	mine	was	described	as	
being	in	the	early	stages	of	development.	Unfortunately	
operations	 soon	ceased	 in	about	1990	when	 the	 seam	
was	 found	 to	 be	 narrowing,	 or	 else	 it	 hit	 a	 fault.	 The	
entrance	to	mine	was	then	walled	up.		
	
Like	the	mine	at	Ayle,	the	rails	of	the	tramway	only	just	
appeared	above	ground	before	passing	under	the	farm	
track	to	Blagill	Head	and	then	into	the	screening	shed.		

	
The	machinery	and	equipment	for	the	mine	was	bought	
second-hand,	while	the	tubs	were	bought	new	in	about	
1985.	Approximately	twenty-eight	tubs	were	 in	situ	at	
the	 railhead	 in	 1996,	which	was	 then	 gradually	 filling	
with	 silt.	 Also	 present	 in	 1996	 was	 an	 Eimco	 Rocker	
shovel	12B	in	poor	condition.	The	Eimco	Rocker	shovel	
is	 an	 interesting	machine,	 it	 was	 invented	 in	 1931	 in	
Utah	 in	 the	 USA	 and	 machines	 were	 made	 in	 this	
country	at	Gateshead.	Type	11	was	 in	service	by	1932	
and	Types	12	and	20	were	introduced	in	1936.	Type	12	
took	 11’s	 place,	 Type	 20	 was	 developed	 for	 larger	
tunnels	 and	 a	 Type	 21	 was	 at	 the	 Bowes	 Railway	 in	
County	 Durham.	 The	 Rocker	 shovel	 worked	 on	
compressed	air	and	had	a	little	bit	of	lateral	movement,	
but	not	a	lot.	
	

Figure	7	Blagill	Colliery	after	closure	in	1990	

	
	
The	 site	 has	 now	 (2015)	 been	 completely	 reclaimed	
with	no	trace	remaining	except	scraps	of	the	perimeter	
fence.	
	
	
FLOWEDGE	(738441)		
	
Situated	to	the	southeast	of	Alston,	off	the	B6277	road	
to	 Teesdale,	 the	 last	 working	 at	 this	 site	 was	 a	 coal	
mine,	 but	 it	was	 formerly	 a	 lead	mine,	 and	 in	 fact	 the	
1860	 First	 Edition	 O.S.	 Map	 of	 Nattrass	 Burn	 shows	
several	 coal	 pits,	 lead	mines	 and	 zinc	 mines	 between	
Farnberry	and	Flowedge,	each	with	their	own	piece	of	
trackwork.	
	
After	 a	 period	 of	 closure,	 when	 Flowedge	 mine	
restarted	 in	 the	 1940’s,	 possibly	 just	 after	 the	 war,	 a	
local	 lorry	 driver	 surprised	 everyone	 when	 he	
delivered	 the	 first	 load	of	coal	 in	what	appeared	 to	be	
record	 time,	 but	 in	 fact	 a	 coal	 dump	 had	 been	
discovered	 just	 inside	 the	mine	entrance.	A	 local	mine	
owner	worked	 there	 for	 about	 thirty	years,	 running	 it	
for	about	twenty	of	those	years,	 then	he	sold	it.	Under	
the	new	owners	the	pit	went	bankrupt	and	closed	only	
two	 years	 later	 in	 spring	 1987.	 The	 closure	 was	
thought	 to	 be	 temporary	 but	 in	 fact	 the	 mine	 never	
reopened.	
	
In	 operation,	 the	 upper,	 older	 level	 of	 the	 mine	 was	
rope-hauled	 out,	 as	 could	 be	 seen	 in	 1995	 by	 nearby	
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sleepers	with	grooves	rubbed	 in	 them	by	 the	cable.	 In	
1947	 the	 tubs	 were	 also	 rope-hauled,	 probably	 on	 a	
self-acting	 incline,	 to	 staithes	 at	 the	 screen	where	 the	
first	 hopper	was	made	 of	wood.	 The	 track	 gauge	was	
1’10”	with	the	rails	spiked	to	timber	sleepers,	of	which	
several	 were	 still	 in	 place	 in	 1995,	 with	 others	
scattered	around.	
	
The	 lower,	 newer	 level	 was	 also	 rope-hauled.	 A	
winding	 engine	 to	 one	 side	 of	 the	 track	 brought	 the	
tubs	to	the	railhead	where	a	rotary	tippler	loaded	coal	
into	a	dumper	truck	beneath.	Here	the	track	gauge	was	
narrower	at	1’7”.	In	1995	there	were	remains	of	a	set	of	
Y	points	at	the	entrance	to	drift,	serving	one	siding	for	
fulls,	 the	 other	 for	 empties.	 	 An	 experiment	was	 tried	
when	 the	 colliery	 possessed	 two	 battery	 locomotives,	
but	only	one	of	the	loco’s	was	ever	used	in	the	pit	and	
then	only	for	about	six	months.	It	pulled	the	empties	in	
and	then	it	was	hauled	out	by	the	rope,	along	with	the	
full	tubs.	Another	innovation	was	made	when	a	remote	
control	was	adapted	from	an	ex-milk	float.	
	
In	 1995	 there	was	 a	 large	 quantity	 of	 rolling	 stock	 in	
the	 scrap/storage	 yard	 including	 an	 Eimco	 Rocker	
shovel,	 Model	 12B.	 Some	 of	 the	 tubs	 came	 from	 the	
Settlingstones	witherite	mine	in	the	Tyne	valley,	others	
with	 a	 wider	 wheel	 gauge	 came	 from	 brickworks	 on	
Tyneside,	 they	had	 the	benefit	of	wheel	bearings.	Also	
present	were	the	two	home	made	battery	loco’s.	
	
From	Durham	Mining	Museum	online:	
	
Year	 	 No.	employed	

u/g	 above	
1956	 	 14	 5	
1957	 	 14	 5	
1959	 	 14	 5	
1960	 	 		7	 4	
	

Figure	8	Eimco	at	Flowedge	

	
	 	
	
	
ROTHERHOPE	(702428)		
	
On	the	west	side	of	the	South	Tyne	valley	Rotherhope,	
or	Rodderup	as	it	is	also	known,	was	a	lead	mine	beside	
the	Black	Burn.	From	the	photo	it	can	be	seen	that	the	
mine	entrance	seems	far	too	big	for	an	ordinary	horse	

level,	which	 leads	 to	 speculation	 that	 it	was	made	 for	
locomotives	 of	 some	 description,	 but	 there	 are	 no	
known	 records	 to	 show	 this.	 The	 mine	 was	 a	 very	
profitable	concern	and	 the	single	 largest	 lead	mine	on	
Alston	Moor.	The	last	manager	of	the	mine	was	Charlie	
Martin,	a	Swiss	who	was	also	a	watch	mender	and	the	
last	person	 to	 live	 in	 the	mine	house	before	 its	 recent	
renovation.	
	

Figure	9			Rotherhope	Fell	Mine	

	
	
After	 its	 heyday	 the	 waterwheel	 was	 taken	 for	 scrap	
during	 the	 Second	World	War	 then	 in	 1949	 the	 spoil	
heaps	were	worked	for	fluorspar	for	use	as	flux	in	steel	
making	 and	 a	 gravity	 incline	 was	 installed	 above	
Rotherhope	 to	 transport	 ganister.	 The	 ganister	 went	
for	brick	making	at	Crook	in	County	Durham.		
	
	
NEWSHIELD,	NORTHLONNEN,	WALTON’S,	BENSON’S	
LIME	COMPANY	(721476)		
	
Not	 far	 along	 the	 minor	 road	 from	 Goodfellow	 Pit	
towards	Alston	 is	 the	 top	of	 the	minor	road	known	as	
North	 Loaning,	 where	 there	 were	 limestone	 quarries	
and	 limekilns.	 This	 large	 complex	 had	 its	 origins	 in	 a	
typical,	 small	 agricultural	 field	 kiln,	 which	 was	
expanded	 in	 the	 1870’s	 to	 become	 an	 industrial	 site.	
The	 rail	 system	 serving	 the	works	 is	 of	 great	 interest	
because	it	was	in	two	completely	separate	sections,	the	
line	along	 the	valley	side	 from	the	quarry	 to	 the	kilns,	
and	the	line	worked	by	gravity	from	the	kilns	downhill	
through	 a	 tunnel	 to	 the	 standard	 gauge	 ‘main	 line’	 in	
the	valley	bottom.	 	The	first	of	the	two	main	phases	of	
operation	 began	 in	 1875,	 which	 was	 reported	 in	 the	
Alston	Herald	of	the	4th	of	August:-	

	
“NEW	LIMESTONE	QUARRIES	AT	ALSTON	
	 A	 new	 industry	 has	 just	 been	 added	 to	 the	 fine	
old	 town	of	Alston	by	 the	 opening	out	 of	 very	 extensive	
lime	 quarries	 by	 the	 Alston	 Lime	 Company.	 The	 Alston	
Lime	 Company	 promoted	 and	 formed	 by	 Messrs.	
Pattinson	builders	of	Newcastle.	 In	making	their	branch	
line	 the	 company	 have	 encountered	 considerable	
difficulty,	as	a	tunnel	of	about	150	yards	in	length	had	to	
be	 made	 before	 the	 line	 was	 completed.	 The	 railway	
works	of	the	company	are	now	almost	ready	for	traffic.		
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	 Limekilns	 have	 been	 erected	 at	 the	 quarry	 to	
such	 an	 extent	 that	 sixty	 tons	 of	 lime	 per	 day	 can	 be	
made	and	trucked.”		
The	business	prospered,	for	in	the	Alston	Herald	of	the	
14th	February	1880,	it	was	reported	that	an	application	
had	 been	 made	 to	 the	 Board	 of	 Guardians	 of	 Alston	
Moor	by	Mr	Jackson,	manager	of	Alston	Limeworks,	for	
a	3ft	gauge	tramway	to	be	built	on	the	west	side	of	the	
Blagill	 to	 Whitfield	 road,	 beginning	 near	 ‘Mr	
Richardson’s	 allotments’	 and	 extending	 350	 yards	
south	and	east.	This	was	 to	 facilitate	 transportation	of	
coal	from	the	drift	mine	at	Blagill	along	the	road	to	the	
kilns	 and	 also	 to	 prevent	 damage	 to	 the	 road	 by	 the	
current	 method	 of	 horse	 and	 cart.	 The	 Guardians	
agreed	 to	 this	 but	 for	 some	 reason	 the	 tramway	 was	
not	built.	The	Coatlith	quarry	nearest	the	kilns	became	
worked	 out	 and	 an	 old	 one	 was	 re-opened	 a	 short	
distance	 away	 at	 Newshield	 where	 seventeen	 men	
were	employed.		

	
At	the	bottom	of	the	lower	section	the	tubs	ran	through	
a	shed,	which	 is	 supposed	 to	be	 the	one	still	 standing,	
around	a	loop	of	track	on	a	high	level	wharf,	the	stone	
wall	of	which	is	also	still	in	existence,	and	tipped	down	
a	 chute	 to	 the	 waiting	 standard-gauge	 trucks	 below.	
The	2nd	Edition	O.S.	map	of	1899	shows	screens	for	the	
limestone	chippings	straddling	the	main	railway	line.	
	
The	2ft	gauge	inclined	plane	was	worked	by	gravity	to	
lead	 the	 lime	 and	 stone	 away	 down	 the	 hill.	 The	 line	
had	a	passing	place	half	way	down	and	went	for	some	
distance	through	a	cut-and-fill	tunnel	beneath	the	main	
Hexham	road,	which	can	be	seen	from	the	STR	train,	if	
you	know	where	 to	 look,	 then	out	 again	 to	 staithes	 at	
the	 standard	 gauge	 railway	 at	 the	 foot	 of	 the	 hill.	 A	
band	 brake	 out	 in	 the	 open	 at	 the	 top	 of	 the	 incline	
controlled	 the	movement	 of	 the	 rakes	 of	 tubs,	 two	 or	
three	fulls	going	down	hauling	eight	or	nine	empty	tubs	
coming	up,	the	two	rakes	passing	each	other	at	the	loop	
at	 the	 halfway	 point.	 By	 the	 time	 of	 its	 closure,	
probably	 after	 the	 First	 World	 War,	 only	 ground	
limestone	 and	 road	 and	 ballast	 chippings	 were	
produced.	 Although	 by	 one	 account	 the	 lime	was	 also	
used	 for	 the	manufacture	of	 calcite	bricks.	 	The	upper	
section	 of	 the	 line	was	worked	 by	 horse	 traction	 and	
ran	 from	 the	quarry	across	quite	a	 large	embankment	
then	along	the	contour	of	the	valley	side	to	the	crushing	
plant	and	kilns.	
	
The	second	phase	of	operation	began	in	1938	when	the	
depression	 hit	 Alston	 Moor	 particularly	 hard	 and	 a	
third	 of	 its	 population	 had	 had	 to	 move	 away	 in	 the	
space	of	ten	years.	The	local	vicar,	who	had	a	more	than	
passing	interest	in	geology,	re-opened	the	limeworks	at	
the	 top	of	North	Lonnen	as	 ‘Walton’s	Alston	Lime	and	
Coal	Company’.	
The	limestone	was	quarried	at	Newshield	quarry	only.	
Coatleyhill	had	by	 this	 time	been	worked	out	and	was	
used	as	a	storage	yard.	The	stone	was	broken	manually	
into	manageable	blocks	at	the	quarry,	then	brought	by	
rail	 to	 the	 lime	 kilns	 in	 trains	 of	 up	 to	 nine	 tubs,	 or	
however	many	were	ready	at	the	time	and,	for	railway	

enthusiasts,	 the	 most	 exciting	 part	 was	 that	 the	 tubs	
were	 hauled	 by	 a	 six	 or	 eight	 ton	 Barclay	 0-4-0	well-
tank	 steam	 locomotive.	 This	was	 bought	 second-hand	
after	 it	 had	 worked	 as	 one	 of	 a	 fleet	 of	 loco’s	 on	 the	
construction	 of	 Burnhope	 Reservoir	 at	 the	 top	 of	
Weardale.	 The	 contents	 of	 the	 side-tipping	 V-shaped	
skips	that	 it	hauled	took	three	men	to	tip	on	arrival	at	
the	top	of	the	kilns.	The	operation	of	the	inclined	plane	
was	not	continued	by	Walton’s,	the	burnt	lime	was	led	
away	by	road	and	with	 the	onset	of	 the	Second	World	
War	 the	 sidings	 on	 the	main	 line	 at	 the	 bottom	were	
used	as	a	refuge	for	storing	locomotives.	
	

	
Figure	11			Barclay	Loco	1453	

	
	

Sadly,	 during	 the	 war,	 so	 the	 story	 goes,	 one	 frosty	
night	 someone	 forgot	 to	 drain	 the	 locomotive	 boiler	
and	 the	 pipes	 froze	 and	 burst.	 This	 would	 have	 been	
too	 expensive	 to	 repair,	 so	 the	 engine’s	 duties	 were	
taken	over	by	a	Ford	tractor,	the	first	tractor	on	Alston	
Moor,	which	ran	until	the	limeworks	closed	in	the	late	
1950’s.	While	 the	 tractor	was	 no	 doubt	 very	 practical	
and	convenient,	one	Alston	resident,	who	as	a	little	boy	
rode	 on	 the	 engine,	 remembers	 that	 it	 was	 the	
locomotive	 that	 made	 a	 visit	 to	 the	 limeworks	
worthwhile.	Today	the	track	bed	of	the	upper	level	and	
that	 of	 the	 inclined	 railway	 can	 be	 seen	 from	 several	
vantage	 points	 on	 the	 road,	 but	 the	 site	 of	 the	
limeworks,	including	the	kilns,	has	been	landscaped	so	
that	nothing	remains.	
	
	
WOODLANDS	(715469)		
	
While	Alston	Moor	 is	 famous	 for	 its	 lead	mines,	 other	
minerals	 were	 also	 extracted,	 one	 of	 them	 being	
ironstone.	Ironstone	was	mined	quite	extensively	near	
to	Alston	station	in	the	1850’s	and	even	after	that	time	
the	prospects	 for	 further	 extraction	were	 still	 thought	
to	be	good.	Even	though	the	ironstone	on	Alston	Moor	
was	 of	 good	 enough	 quality	 to	 be	 smelted,	 the	
remoteness	of	 the	area,	even	 in	 the	railway	age,	put	 it	
at	 a	 disadvantage	 and	 reduced	 its	 financial	
competitiveness.		
	
‘Woodlands’	was	an	ironstone	mine	situated	in	a	copse	
on	the	opposite	side	of	the	river	from	where	the	South	
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Tynedale	Railway	locomotive	shed	is	now.	The	obvious	
difficulty	 was	 transporting	 the	 ore	 to	 the	 railway	
station,	 which	 involved	 a	 long	 circuitous	 route	 to	 the	
bridge	over	the	Tyne	near	the	Brewery	and	back	down	
to	 the	 railway.	 Then	 on	 Saturday	 July	 4th	 1874	 the	
Alston	Herald	contained	a	lengthy	anonymous	letter	to	
the	 editor	 suggesting	 the	 establishment	 of	 an	 iron	
works	 at	 Alston.	 The	 visitor	 to	 the	 area	 had	 observed	
ironstone	worked	on	the	outskirts	of	the	town	that	was	
then	carted	“at	great	cost	to	the	railway	station”.	Coke	
was	 to	 be	 had	 twelve	miles	 away	 at	Haltwhistle,	with	
unlimited	 limestone	 nearby.	 The	writer	 suggested	 the	
formation	of	 a	 limited	 liability	 company	 to	 build	 blast	
furnaces	 for	 Alston	 ore.	 The	 quality	 of	 ironstone,	 he	
observed,	was	possibly	not	 sufficiently	 good,	 in	which	
case	it	could	be	mixed	it	with	pig	iron.	He	also	claimed	
that,	 “the	 wealth	 of	 the	 district	 will	 never	 be	 known	
until	 the	 present	 railway	 is	 connected	 with	 the	
Darlington	 section	 of	 the	North	Eastern	Railway”,	 and	
that	he	knew	of	people	of	means	who	had	“a	warm	side	
for	the	prosperity	of	Alston”.			 	
Events	 must	 have	 moved	 very	 quickly	 for	 in	 a	
newspaper	 of	 August	 it	 was	 reported	 that	 a	 bridge,	
which	 became	 know	 as	 “the	 ironstone	 bridge”,	 had	
been	built	over	the	River	South	Tyne	with	a	line	of	rails	
and	that	the	first	waggon	had	gone	across	the	river	on	
Wednesday	afternoon,	July	29th	1874.		
	
In	the	Alston	Herald	of	Saturday	August	1st	1874	it	was	
reported,		

“The	 prospects	 of	 the	 district,	 so	 far	 as	
remunerative	 labour	 is	 concerned,	 are	 far	 from	
encouraging,	work	being	slack.	There	is	still	a	little	being	
done	 in	 the	 production	 of	 ironstone	 but	 owing	 to	 the	
heavy	 item	 of	 carriage,	 not	 on	 the	 railway	 but	 to	 the	
railway,	such	operations	are	of	a	limited	nature.	We	are	
glad	 to	 see	 that	 the	proprietors	 of	 the	Woodlands	mine	
are	 manifesting	 more	 than	 usual	 activity.	 To	 save	 the	
heavy	and	roundabout	conveyance	from	the	mine	to	the	
railway	station	a	bridge	has	been	thrown	over	the	Tyne	
and	 a	 line	 of	 rails	 laid,	 so	 that	 the	 stone	 can	 be	 tipped	
into	the	railway	trucks.	
		 We	had	the	pleasure	of	seeing	the	 first	waggon	
conveyed	over	the	bridge	and	new	line	on	the	afternoon	
of	 Wednesday	 last.	 This	 mine,	 which	 is	 under	 the	
management	of	Mr.	William	Phillipson,	has	done	good	to	
the	 district	 by	 keeping	 a	 number	 of	men	 in	 good	work,	
and	we	are	glad	of	any	 indication	of	permanency,	or	an	
extension	of	operations.”	
	 	
The	railway	had	been	laid	overground	for	a	distance	of	
about	250	yards	from	the	mine	on	the	west	side	of	the	
river	 to	 main	 line	 on	 the	 east	 side.	 Unfortunately	
nothing	else	 is	known	about	 it.	The	 line	was	probably	
using	horses	for	haulage	over	such	a	short	distance,	or	
perhaps	 a	 stationary	 engine	 could	have	been	 installed	
with	 an	 incline	 since	 the	 standard	 gauge	 line	 was	 so	
much	 higher	 than	 the	 little	 line	 from	 the	mine.	 Today	
the	 site	 of	 the	 mine	 can	 just	 be	 seen	 as	 overgrown	
waste	heaps	 in	 a	 clump	of	 trees	 across	 the	 river	 from	
the	footpath	beside	the	South	Tynedale	Railway,	while	
both	of	the	bridge	abutments	can	still	be	seen	on	close	

inspection	on	the	river	banks	near	the	engine	shed.	The	
estimated	 height	 of	 the	 bridge	 above	 summer	 water	
level	was	 fifteen	 feet.	The	 railway	does	not	 appear	on	
Second	Edition	O.S.	map	of	1899,	so	it	must	have	closed	
after	a	life	of	less	than	twenty	years.	
	
	
ALSTON	STATION	
	
See	 ‘The	 Alston	 Branch’	 by	 Stanley	 C.	 Jenkins,	 The	
Oakwood	Press	No.80,	2nd	Edition	2001	
	
	
NENTSBERRY	HAGGS	(766450)		
	
The	gated	entrance	to	this	lead	mine	is	right	beside	the	
A689	 road	 at	 Nentsberry	 between	 Alston	 and	
Nenthead.	The	rails	left	the	mine	entrance	and	crossed	
the	road	to	the	bingsteads	and	washing	floors.	
	

Figure	12			Nentsberry	Haggs	mine	entrance	

	
	
After	 a	 long	history,	Nentsberry	Haggs	was	one	of	 the	
last	 lead	mining	sites	on	Alston	Moor,	producing	 large	
tonnages	 of	 very	 rich	 ore	 from	 the	 Northumberland	
side	 of	 the	 county	boundary	between	1925	 and	1930.	
An	 aqueduct	 across	 to	 the	washing	 floor	was	 only	 11	
feet	above	the	road	level	and	on	one	occasion	a	loaded	
hay	 waggon	 demolished	 it.	 The	 mine	 was	 used	 again	
during	 the	 1950’s.	 In	 about	 1958,	 the	 Anglo	 Austral	
Mining	Company,	the	company	working	the	mine,	gave	
it	 up.	Most	 of	 the	 buildings	were	 demolished	 and	 the	
site	was	cleared.	
	 	
Haulage	for	the	line	was	horse	power	and	it	is	possible	
that	 some	 of	 the	 surviving	 waggons	 are	 at	 Beamish	
Museum.	
	
	
	
NENTSBERRY	‘MUSEUM’	(764451)	
	
This	was	a	museum	that	didn’t	quite	make	 it.	Situated	
by	 the	 side	 of	 the	 River	 Nent,	 the	 museum	 opened	
about	1987	and	operated	only	for	a	year	or	two	with	a	
short	running	track	of	a	little	over	100	yards	in	length	
but	it	possessed	a	good	selection	of	lead	ore	waggons	of	
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several	 types	 and	different	 periods.	R.A.	 Fairbairn	has	
described	 these	 in	 his	 book	 ‘Lead	 Mine	 Waggons’,	
British	 Mining	 No.	 54	 published	 in	 1995.	 There	 was	
also	 a	 battery	 locomotive,	 purpose-built	 by	 a	 local	 pit	
owner	 and	miner	 and	 a	 local	 electrician.	 The	wagons	
were	 eventually	 bought	 by	 the	 North	 Pennines	
Heritage	 Trust	 and	 are	 now	 owned	 by	 the	 Nenthead	
Mines	Conservation	Society.	
	
	
NENTHEAD	(781437)	
	
The	most	complex	and	the	longest	tramway	system	on	
Alston	Moor	was	to	be	found	at	Nenthead.	The	network	
shown	 on	 the	 First	 and	 Second	 Edition	 O.S.	 maps	
served	 several	 lead	 mines	 and	 it	 had	 the	 longest	
continuous	 stretch	 of	 track	 of	 almost	 a	mile	 in	 length	
from	 the	 Rampgill	 mine	 entrance,	 past	 quite	 a	
marshalling	 yard	 of	 sidings,	 to	 the	 crushing	 mill	 and	
settling	tanks	in	the	village	itself,	then	past	the	tailings	
dams	to	Wellgill	and	the	Brownleyhill	mine.		
	
Although	 this	 is	 the	 largest	 system	 of	 tramways	 of	
Alston	Moor	there	is	little	information	on	record.	In	its	
later	days,	the	administration	of	the	mining	companies	
sometimes	 appeared	 in	 the	minutes	 of	 the	 local	Rural	
Sanitary	 Board.	 On	 the	 14th	 November	 1891,	 the	
minutes	 of	 the	 Board	 meeting	 recorded	 that	 the	
Nenthead	 &	 Tynedale	 Lead	 &	 Zinc	 Company,	 in	
expanding	 their	 operations,	 had	 altered	 the	 track	 at	
Wellgill.	The	minutes	read:	
	 “Waggonway	 at	 Nenthead:	 The	 Highway	
Surveyor	 having	 reported	 to	 this	 meeting	 that	 the	
Nenthead	Lead	and	Zinc	Company	had	made	a	tramway	
across	 the	 highway	 at	 Wellgill	 washing	 floors,	 and	 in	
doing	which	had	considerably	raised	the	level	of	the	road	
which	 rendered	 it	 necessary	 that	 about	 70	 yards	 in	
length	of	other	parts	of	the	road	should	be	equally	raised	
and	made	good.	Further	that	about	one	half	of	the	above	
length	 of	 road	 had	 been	 satisfactorily	 made	 good	 with	
the	best	material	and	that	Mr	Holmes	the	Manager	had	
informed	him	he	had	no	doubt	 but	 the	Company	would	
do	 the	 remainder	 of	 the	 road	 to	 the	 satisfaction	 of	 this	
Board.”	
	
The	 Vieille	 Montagne	 Company	 of	 Belgium	 took	 over	
the	mineral	 lease	of	most	of	Alston	Moor	 in	1896	and	
soon	found	itself	in	hot	water.	On	26th	March	1898	the	
Alston	with	 Garrigill	 Rural	 District	 Council,	 formed	 in	
1894,	received	a	report	from	the	Highways	Surveyor:-	
	 “I	wish	to	report	on	the	very	dangerous	state	of	
the	road	between	the	pavement	end	Overwater	and	East	
Nenthead,	this	portion	of	the	road	is	liable	to	be	repaired	
by	 the	 Nenthead	 Company	 on	 account	 of	 having	
appropriated	 a	 large	 portion	 of	 the	 road	 for	 their	 own	
use.	A	few	years	ago	the	Alston	Highway	Board	passed	a	
resolution	to	the	effect	that	the	pavement	be	repaired	up	
to	the	Bridge	which	I	understand	was	put	up	by	the	Old	
Lead	Company.	 Since	 that	 time	 this	portion	of	 road	has	
been	maintained	 by	 the	 Alston	Highway	Board	 and	 the	
Alston	Rural	District	 Council.	 The	 road	 referred	 to	 is	 in	
the	 most	 dangerous	 state	 that	 I	 have	 ever	 seen	 it	

especially	at	the	entrances	on	to	the	Railroad,	additional	
Railroads	 have	 been	 laid	 down	 since	 the	 new	 Company	
commenced	 operations	 causing	 the	 slope	 from	 the	
Railroads	to	be	steeper	and	more	dangerous	than	it	ever	
has	 been	 previous;	 in	 fact	 it	 is	 impossible	 for	 any	
Vehicular	 traffic	 to	get	over	without	doing	 injury	 to	 the	
Vehicle	and	running	great	risk	to	injure	the	horse,	as	well	
as	foot	passengers	who	complain	of	the	state	of	this	road	
especially	 on	 dark	 nights.	 These	 persons	 say	 it	 is	 no	
uncommon	 thing	 to	 find	 such	 a	 number	 of	 waggons	
standing	 on	 the	 railroads	 so	 as	 to	 block	 the	 main	
thoroughfare	 to	 such	 an	 extent	 that	 it	 is	 very	 near	
impossible	to	get	over.	I	may	say	that	I	waited	upon	the	
Agents	of	the	Company	several	times	and	they	promised	
to	repair	it	but	nothing	has	been	done	as	yet.”	
	
The	 Council	 firmly,	 “resolved	 that	 the	Vieille	Montagne	
Co.	Nenthead	be	requested	to	remove	within	one	month	
the	obstruction	on	the	road	at	Overwater,	Nenthead,	and	
that	 they	 also	 be	 requested	 to	 prevent	 their	 workmen	
leaving	waggons	 on	 the	 said	 road	 to	 the	 danger	 of	 the	
public	at	once”.	 Presumably	 the	 Company	 complied	 as	
nothing	more	is	heard	of	the	matter.	
	
It	 is	 at	 Nenthead	 that	 the	 unusual	 sight	 of	 narrow-
gauge	 locomotives	on	Alston	Moor	appears.	According	
to	the	“Life	and	Work	of	the	Northern	Lead	Miner”,	by	
A.	 Raistrick	 and	 A.	 Roberts,	 the	 first	 loco’s	 were	
erroneously	 recorded	 as	 being	 made	 by	 Schram,	 and	
that	 “These	 were	 steam	 locomotives	 using	 a	 patent	
water-tube	 boiler	 fired	 by	 paraffin.	 Unfortunately	 the	
fumes	 proved	 to	 be	 too	 dangerous	 underground	 so	 the	
locomotives	had	 to	be	 restricted	 to	outdoor	work”.	 It	 is	
thought	 that	 these	 locos	may	 have	 been	made	 for	 the	
Hydroleum	Company.	
	

Figure	13	Hydroleum	locomotive	at	Nenthead	

	
	
	
In	 1911	 the	 motive	 power	 on	 the	 tramway	 changed	
over	 again	 when	 the	 Vieille	 Montagne	 Company	
introduced	a	locomotive	from	Ruhrthaler	of	Germany.		
	
More	details	of	the	transportation	of	the	ore	come	from	
“Nenthead	 Lead	 Mines	 and	 Works	 of	 the	 Vieille	
Montagne	Zinc	Co.”	in	the	Transactions	of	the	North	of	
England	 Institute	 Mining	 and	 Mechanical	 Engineers,	
1912-1913	(p.42):	
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“The	 mineral	 from	 below	 the	 water	 level	 in	
Rampgill	 and	 Barney	 Craig	mines	 is	 filled	 into	wagons,	
run	 to	 Rampgill	 shaft,	 and	 hoisted	 up	 to	 the	 Rampgill	
horse	 level	 by	 a	 35	 horsepower	 double	 acting	 winding	
engine.	 It	 is	 then,	 with	 the	 mineral	 from	 the	 workings	
above	 the	horse	 level,	 drawn	 to	 the	 surface,	 in	 trains	of	
sometimes	 as	 many	 as	 twenty-five	 wagons,	 by	 a	 12-
horsepower	 single	 cylinder	 petrol	 driven	 locomotive.	 In	
the	 Capelcleugh	 and	Middlecleugh	mines	 the	mineral	 is	
drawn	 by	 horses	 to	 the	 dressing	 floor;	 whilst	 in	 the	
Gudhamgill	 and	Brownleyhill	mines,	which	 are	 situated	
about	½	 a	 mile	 down	 the	 valley,	 the	 mineral	 is	 tipped	
into	 hoppers,	 re-loaded	 into	 wagons	 and	 drawn	 to	 the	
dressing	 floors,	 as	 required,	 by	a	 second	12-horsepower	
single	 cylinder	 petrol	 driven	 locomotive,	 which	 (on	
account	 of	 its	 having	 to	 climb	 a	 steady	 incline)	 draws	
only	about	6	tons	of	crude	ore	per	journey.”	

	
Figure	13	Ruhrthaler	Loco	at	Rampgill	Mine	

	
	

The	 full	 route	 today	 is	 a	 pleasant	 walk	 by	 the	 River	
Nent,	and	near	to	Gudhamgill	there	are	still	one	or	two	
sleepers	to	be	seen	in	situ.	
	
	
APPENDIX	
	
GAZETTEER	 OF	 TRAMWAYS	 ON	 MAPS	 OF	 ALSTON	
MOOR		
	
A	lot	of	mine	sites	show	the	mine	entrance	with	a	single	
track	leading	out	to	the	spoil	heap.	These	have	not	been	
included	 in	 the	 list.	 Any	 railway	 on	 the	 Ordnance	
Survey	maps	with	at	least	one	or	two	sets	of	points	has	
been	 recorded	 and	 a	 site	 with	 more	 than	 two	 sets	 is	
labelled	a	‘system’.	
	
	
1st	EDITION	O.S.	MAP	1860	
	 	
1.	 Hudgill	 -		 system	 	 Lead	
2.	 Haggs	 -		 system	 	 Lead	
3.	 Hayring	-		 one	set	of	points	Lead	
4.	 Bloomsberry	 	system	 	 Lead		
5.	 Nenthead-	system	 	 Lead		
6.	 Smallcleugh	 	system	 	 Lead		
7.	 Firestone-	two	sets	of	points	 Lead	
8.	 Dowgang		one	set	of	points	 Lead		

9.	 Rotherhope	 -	system		 Lead		
10.	 Farnberry	&	Holyfield-	system	 Lead	&	Zinc	
11.	 Flowedge-	one	set	of	points	 Lead?	
12.	 Crag	Green-	one	set	of	points	 Lead	
13.		 Thortergill	 	 	 Lead	
	
2nd	EDITION	O.S.	MAP	1900	
	
1.	 Goodfellow-	two	sets	of	points	 Coal	
2.	 Blagill	 -	one	set	of	points	 Lead	
3.	 Haggs	 -	system		 	 Lead	
4.	 Nenthead			 system	 							Lead	and	Zinc	
5.	 Smallcleugh		 	system	Lead	and	Zinc	
6.	 Rotherhope			one	set	of	points	 Lead	
7.	 Loaning	Head				system,	including	incline		
	 																				 	 Lime/Limestone	
	
3rd	EDITION	1”	O.S.	MAP	1932	
	
1.	 Goodfellow-	two	sets	of	points	 Coal	
2.	 Nenthead			system	 Lead	and	Zinc	
3.	 Rotherhope	 -	system		 Lead	
4.	 Loaning	Head	 	system,	including	incline	
	 	 	 	 Lime/Limestone	
5.	 Slaggyford	Fell	End-	one	set	of	points	
	 	 	 	 Lime/Limestone		


