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Abstract
By 1850 the iron industry in Britain had already extended the range of ores it used to satisfy demand for a quality product.  Yet it remained largely located on those sites which were defined as having favourable ore/fuel resources after the introduction of coke smelting some one hundred years earlier.  With the development of bulk-production techniques in steel making, and the response to early failures in technique, came a demand for ores with particular qualities not readily satisfied from local resources.
This paper examines the changes which ensued; the response of the steel and mining industries in securing suitable supplies; the organizational and technological changes required to exploit the new ore resources, including transportation and location.  Using the significant range of statistical sources available to the industrial historian in the UK the development of mining is charted, allowing for a detailed examination of those innovations which changed the course of the industry.  The whole being considered against the background of increased steel production in Western Europe.

It is an overview; the prelude to a study of iron mining and quarrying in Britain, which might be expanded as part of a continuing research programme.  
Introduction

For the British iron industry the second half of the 19th century was a period of change; major change which would have an impact beyond its shores.  With the development of bulk steel production movements were put in place which would transform the industry not only in scale but in its location and its demands on raw materials.

During the 18th century, with the development of coke fired smelting, the British iron industry relocated to areas with accessible resources, including the clay ironstones of the coal measures, in areas like Staffordshire and the north-eastern rim of the south Wales coalfield. In the early 19th century there were further developments in techniques, for example, the introduction of the hot blast which improved fuel efficiency and expanded the industry’s resource base to include the blackband ironstones.  The industry also explored the use of other ores to supplement the furnace charge and improve the quality of the iron. By mid century some producers, including those in south Wales which accounted for 35% of all British pig iron, were sourcing over 15% of their ores from outside the immediate area [1].  The price of ores had also become a factor.  It was cheaper to import the richer hematite ores from mines on the West Coast of England (North Lancashire, i.e. Furness, and Cumberland – now Cumbria) into south Wales than it was to work the local clay ironstone, and increasing amounts of those ores were being used.
When the Bessemer process for bulk steel production was introduced in 1856 it quickly became clear that it would only work with pig iron produced from ores low in phosphor. Such ores were already available to the industry in south Wales and elsewhere in the form of hematite, largely from the West Coast, 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 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.
Basic lining of the Bessemer converter after 1879, the Gilchrist-Thomas process, did open up steel production using iron with a high phosphoric content, although it was still dogged by problems of quality control. The subsequent introduction of the basic lining to the Siemens open-hearth had a much greater impact; allowing it to process iron made using the bulk of ores available in Britain.
The Ores

In Britain a wide range of iron ores were available, the majority of which had been worked by the medieval period and were known to the 19th century iron masters.  Those ores were, of course, not a homogenous product; they vary considerably in their iron content and their chemical composition, with ‘impurities’, some of which might be beneficial and some which might not, depending on the way they were processed.

	Table I.  Iron ores used commercially in Britain [2].

	

	

	
	
	
	
	

	Ore type
	Chemical name
	Location
	% metal


	As mined

	Magnetite

	Ferrous oxide Fe3O4
	S. W. England
	72.4
	65

	Red hematite
	Ferric oxide  Fe2O3
	West Coast (Cumbria), Cornwall

	70
	55-60

	Specular and

micaceous 

hematite

	Crystallised ferric oxide
	Devon
	70
	55

	Brown hematite or limonite


	Hydrated ferric oxide  Fe2O3.xH2O
	S. W. England, Wales, Forest of Dean. 
Jurassic Scarp*.

	60
	30-45

	Spathose ore
	Crystallised ferrous carbonate Fe CO3

	Weardale, Somerset
	48
	45

	Clay ironstone
	Argillaceous ferrous carbonate

	Coal measures, Cleveland


	20-37
	20-32

	Blackband
	Argillaceous ferrous carbonate with coaly matter
	Coal measures
	17-30
	17-30

	
	
	
	
	

	* Resulting from the alteration of carbonates through weathering – 30% or less metal content.



Clay ironstones, the principal source for the industry prior to 1850, were relatively low in iron content but were found in conjunction with coking coal and limestone. Their phosphor content was transferred to the pig iron but was not an impediment to its conversion to wrought iron. It did, however, prevent their use in the early Bessemer process. The oxide ores, with the notable exception of the ores from the Jurassic Scarp, were generally low in phosphor. Hematite from the West Coast mines provided the most productive source and had been exploited since the early years of the 19th century. The iron masters recognised its value, shipping it to the coalfields as a rich supplement to the local ironstone; improving the quality of the iron product.  Development of the Bessemer process stimulated the search for similar ores with renewed interest in the south-west of England, particularly when the manganese content of ores was recognised as a valuable de-oxidising agent, but interest was not matched by production. Between 1863 and 1889 a total of 30 companies were registered to work iron ores in the south-west, the bulk of them (26) in the mid 1870s (fig. 1 below). Of these only about half a dozen produced significant amounts of ore [3].

The Statistical Sources

Any study of mining in Britain during the late 19th / early 20th centuries can call upon some useful statistical resources. Collection of data on production had started in the 1840s on a voluntary basis under the auspices of the Geological Survey and, with government support, was continued by their Mining Record Office; published as the Mineral Statistics from 1855. The office was later transferred to the Home Office; joining the Mines Inspectorate which had also been collecting and publishing data, initially under the Coal Mine Inspection Act  of 1850 and, later, under the Coal and Metalliferous Mines Regulation Acts of 1872. Not until the latter Acts were mines formally required to provide data on production and employment [4]. After 1913 publication of detailed mineral statistics was discontinued although a précis was incorporated in the Mines and Quarries: General Report and continued by the Mines Department of the Board of Trade.

The extraction of data for iron mining is, however, complicated. Some production came from mines governed by Metalliferous Mines Regulation, working non-bedded deposits, where output for individual mines was published.  Others, coal measure ironstones and the Cleveland mines, were governed by Coal Mines Regulation where the Act of 1872 forbade publication of individual returns and output was published on a county basis. Voluntary returns for the Cleveland mines did continue for a while, until the Mining Record Office was transferred to the Home Office in 1881. 

Collection and publication of data, on a county basis, for iron ores extracted from ‘openworks’ started in the 1880s. This was formalised under the Quarries Act of 1894 but, as the Act only applied to workings of over 20 feet in depth, collection of some data had to continue on a voluntary basis. Once quarrying moved to underground working, the mine would be governed by Coal Mines Regulation, incorporating the Stratified Ironstone Mines Act of 1881. Fortunately, as none of the major iron ore producers on the Jurassic Scarp were in counties containing coal measure deposits it is possible to differentiate between them and the mining of clay ironstone.

In addition to data published by the government, this study can call on various reports, official and private; along with statistics collected and published by the British iron and steel industry [5].

The Changing Pattern of Ore Supply

The increased demand for hematite pig for steel production is very evident in the mineral statistics. Output from the West Coast mines increased significantly from the late 1850s, reaching a peak at over 3 million tons in 1882.  From the 1870s the majority of that was used locally to make pig for the steel industry; and the ore available for shipment to other iron and steel producers fell back from a peak of over 1 million tons in the mid-1860s to less than half that by 1870 [6].  Sources of  ores low in phosphor, some with a significant manganese content, were also found elsewhere, in Devon, Cornwall, and Somerset, and by expanding production in the Forest of Dean, but their combined output at its peak in the early 1870s averaged at less that 300,000 tons per year. The principal alternative source of supply was imported ore.

Imports had reached over 2.5 million tons per year by 1880, having risen steeply since 1870, with the vast majority coming from Spain (Fig. 2 below).  These ores, near Bilbao and Santander in the north and Malaga in the south, were spathose, hematite, and magnetite. All were high in iron content and very low in phosphor [7].  They were also, initially at least, easy to work.  The price of the ores fell as the deposits there were opened and transport to shipping points was improved. Shipping costs also fell, so that ore could be delivered at 13s 4d (£0.67) per ton in 1885 [8].

British companies formed to work iron ores prior to the late 1870s were predominantly interested in developing resources in Britain.  Thereafter, the interested shifted to overseas sources and amongst the mining companies were a number which were controlled by British steel producers.  Not all were successful but, for those that were, the levels of investment required was not as great as for non-ferrous mining and the increased demand for steel provided a ready market [9].


[image: image1.emf]Figure 1, British mining companies formed to work iron ores [10]
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By 1882 Bessemer steel output was 1,673,649 tons, double the figure in 1878, with production concentrated in south Wales, Sheffield, Middlesborough and close to the West Coast hematite mines. Steel made using the open-hearth had risen from 174,000 to 436,000 tons over the same period; dominated by producers in Scotland and south Wales.  In the latter region the Siemens works at Landore had the greatest capacity and, in this early period, relied entirely on hematite pig shipped into the site along with small amounts of hematite ore for preparing the hearths.  Three years later increases in output from south Wales had contributed to the rise in open-hearth production to 613,220 tons.  On the other hand, Bessemer steel production had fallen to 1,247,001 tons.  In 1885 steel produced using the Thomas-Gilchrist process amounted to 147,707 tons, a fall of nearly 35,000 tons over the previous year [11].  

The Gilchrist-Thomas process, however, was quickly taken up by continental producers.  Using the process, steel makers in Germany and France could utilise pig made from the high phosphorus minette ores of Lorraine and Luxembourg to good effect, soon outstripping British production. The location of the principal German producers in the Ruhr basin also allowed for the import of suitable ores from Sweden and, with a heavy dependence on the process, they were motivated to improve the quality control [12].  For Britain, with limited access to suitable ores from home resources, the ‘acid’ processes, Bessemer and Siemens, dominated production. 

Steel production in Middlesborough, in the north-east of England, developed on imported ore, nearly 1.3 million tons in 1895 [13]. Some ore was available to it, and other producers in the north-east, from the Weardale mines along with ore and hematite pig brought by rail across the Pennines from the West Coast; the transport cost of which was no doubt offset by the movement of coke in the opposite direction.  Middlesborough was close to the Cleveland mines yet unable to fully exploit their ores for steel production.  By mixing them with imported high phosphor ores, the Cleveland ores could make an iron capable of use in the Gilchrist-Thomas process but results were not necessarily consistent. Similar problems of quality attended the introduction of the basic open-hearth and it was not until the early part of the 20th century that production of steel, using that process, expanded [14]. 

The pattern of supply at the turn of the century is shown in the following table.

	Table II, Supply of iron ores, selected years [15]

	
	
	
	

	
	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


From this it will be seen that both imports of ore and production from workings on the Jurassic Scarp had increased significantly.  The latter had been worked from the mid 1850s with small amounts being shipped as far as south Wales, but it found its biggest market as a substitute for the increasingly expensive ironstones of the Midland coalfields, in the production of forge iron.  Iron works were erected close to the ore deposits at an early stage and by 1876 six companies, with total of 21 furnaces, were established at Frodingham in north Lincolnshire [16].  With the expansion of the railway system in the latter part of the 19th century the relatively low grade ores of the Jurassic Scarp could be moved at a low cost, allowing for the mixing of ores to provide a self fluxing charge at the furnaces. Using opencast methods of working also allowed for a semi-skilled skilled workforce and the potential for increased productivity thereby reducing production costs over the mined ores. By 1900 the price, at the mine, for ore from the Jurassic Scarp in the Midland counties had fallen to nearly 2s (£0.10) per ton, compared with over 14s (£0.70) for ore from the West Coast mines [17].  The iron produced was suitable for steel making in the basic open-hearth and its use was to be a turning point both for the steel industry, and for the supply of ore from home resources, when faced with the demands of the 1st World War.  

Response to Changes in Demand - the 1st and 2nd World Wars
At the opening of the 1st world 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 [18].  Although the Basic Iron Programme ensured that there was change, ‘acid’ processes continued to dominate all forms of steel production up 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 only accounted 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 [19].

The inter-war years were a period of uncertainty for the steel industry and for the supply of iron ores. Production in all areas fell dramatically in 1926 as a result of the General Strike but, by 1929, steel production had recovered to near 1918 levels. Imports of ore had fallen by around 2.5 million tons and home ore supply fell by 1.4 million tons. The difference being made up by increased use of scrap in steel production; a practice encouraged during the war along with the use of the open-hearth process.  With recession in the early 1930s the demand for ores again fell with steel production. In 1931 the work force in English and Welsh iron ore mines and quarries stood at 9207, with a further 3735 unemployed [20].  For steel production, recovery began in 1933 with ore supply, led by imports, recovering in the following year.  With rearmament, production of pig iron for the steel industry increased significantly as did home ore supply.  Jurassic ores, including Cleveland, accounted for 93% of the 14.215 million tons of ore supplied from home sources in 1937.  Production from quarries in the Midland counties was increasingly mechanised using rail mounted excavators and loading belts; a practice, begun in the late 19th century and accelerated during the 1st world war. Mechanisation dramatically increased productivity; reaching around 2,400 tons per year in the 1930s, compared with about 430 tons for Cleveland which had been at its best, at around 850 tons, in the 1880s. Imports of iron ores, however, contributed significantly to supply; briefly soaring to 6 million tons in 1937 [21].


[image: image2.emf]Figure 2, Iron ore imports (five year intervals) [22]
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With the outbreak of the 2nd world war in 1939 imports of ores into Britain were severely restricted. As fig. 2 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 the loss of imports. The increase came primarily from the Jurassic Scarp, in particular from workings on the Inferior Oolite ironstones 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. Output from all three continued to fall after the war. 
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 [23]. The non-stratified deposits were nearly worked out. By 1950 home ore supply came from the Jurassic Scarp in 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 [24].

Summary and Conclusions
Between 1850 and 1950 the supply of iron ores made a transition from multiplicity to reliance on one major source in Britain and substantial imports.  The introduction of the ‘acid’ processes for bulk steelmaking demanded ore low in phosphor, accelerating the production of hematite ores, and drawing on increasing amounts of imported ore. With the inability of the West Coast mines in particular to expand their output of hematite after the 1882, supply was dominated by imported ore and the steel industry relocated to coastal centres. 

The introduction of basic processes failed to make a significant contribution to production until the demand for steel during the 1st world war forced a greater use of easily accessible phosphoric ore reserves. Thereafter the use of ores from the Jurassic Scarp in the Midland counties predominated and, during the 2nd world war, only they were capable of expansion to compensate for a much reduced supply of imported ore.

References

1.  M. Atkinson and C. Baber, The Growth and Decline of the South Wales Iron Industry 1760-1880, (Cardiff: University of Wales Press, 1987), 5, 32.

2.  Based on Atkinson and Baber, Growth and Decline, 20, Table 5.

3.  Companies registered in Truro - Public Record Office (Kew), BT286; see also M. Atkinson, “Iron ore mining in mainland Britain in the nineteenth and early twentieth centuries and its links with the iron and steel industry, with particular reference to Cleveland, Cumbria and the south western counties of England,” (Exeter: unpublished PhD thesis, 1981).

4.  R. Burt and P. Waite, “An Introduction to the Mineral Statistics of the United Kingdom,” British Mining 23 (1983), 40-58.

5.  See, for example, Report on the Sources and Production of Iron and other Metalliferous Ores used in the Iron and Steel Industry, (London: HMSO, 1918), and Iron and Steel Annual Statistics for the United Kingdom, (London: Iron and Steel Statistics Bureau, 1959).
6.  See M. Atkinson, “Iron ore mining”, 112, Table 22, and 126, Table 23.

7.  J. D. Kendall, The Iron Ores of Great Britain and Ireland … with a notice of some of the iron ores of Spain, (London: Crosby Lockwood, 1893), 263-275.

8.  Annual Statement of the Trade and Navigation of the United Kingdom, later Annual Statement of the Trade of the United Kingdom, (London: HMSO, 1863 onwards).
9.  G. Tortella, The Development of Modern Spain, (Cambridge, Mass: Harvard University Press, 2000), 213; and C. Harvey and P. Taylor, “Mineral wealth and economic development: foreign direct investment in Spain, 1851-1913,” Econ. Hist. Rev., 40 (1987), 185-207.

10.  Public Record Office, Kew, BT31 and BT286.
11.  Mining and Mineral Statistics of the United Kingdom of Great Britain and Ireland, later Mineral Statistics of the United Kingdom of Great Britain and Ireland, with the Isle of Man, (London: HMSO, 1884-1914).

12.  D. Burn, The Economic History of Steelmaking, 1867-1939, (Cambridge: University Press, 1940, reprinted 1961).

13.  Trade and Navigation.

14.  D. Burn, Steelmaking, 169-182.
15.  Mining and Mineral Statistics; and Mines and Quarries: General Report, with Statistics, (London: HMSO, 1915 onwards).

16.  G. W. Lamplugh, C. B. Wedd, and J. Pringle, Memoirs of the Geological Survey, Special Reports on the Mineral Resources of Great Britain, Vol. XII, Iron Ores (contd.) – bedded ores of the Lias, Oolites and later formations in England, (London: HMSO, 1920), 79.

17.  M. Atkinson, “Iron ore mining”, 83, Table 14.
18.  F. H. Hatch, The Iron and Steel Industry of the United Kingdom under War Conditions, (London: privately printed, 1919), 7-12.

19.  Mines and Quarries: General Report; and F. H. Hatch, Iron and Steel Industry, 66-87.
20.  General Register Office, Census 1931, (London: HMSO, 1931-33).

21.  Iron and Steel Annual Statistics, (1959), 3-5; Census 1931; and Reports of the Inspectors of Mines, (London: HMSO, 1884-1897).

22.  Trade and Navigation.

23.  A. W. Groves, Wartime Investigations into Haematite and Manganese Ore Resources of Great Britain and Northern Ireland, Ministry of Supply, Monogram 20-703 (London: HMSO, 1952).

24.  The Iron Ore Industry of Great Britain, (Kettering: National Council of Associated Iron Ore Producers, 1960); and Iron and Steel Annual Statistics, (1959), 3-5.
_1174054906

_1174049386

