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What is the surviving surface evidence of metal mining at Frongoch Mine? 
What has been and should be done to limit pollution at Frongoch? 

Site Summary:
The landscape surrounding the Frongoch mine in northeast Ceredigion is typical of the west Welsh countryside, with short shrubland on varying gradients of the hillside, with the site situated upon a sloping hill and working down to the areas of main activity and the remains of the spoil heap. Throughout the 18th and 19th centuries, the area had been extensively mined by many different companies for both its lead and its zinc content, due to this, any underground remains of any pre-industrial era workings on the site have been removed, backfilled, or flooded over. Currently, the site contains six disused mine shafts scattered across the zones of activity, with remains of many of the stone buildings surviving and standing high and dominating the landscape, the site also contains many metal structures, including things such as oil tanks, the remains of headframes, carts, and tramways on the surface. The local councils and Natural Resources Wales have been part of the maintenance of the site, however, the Welsh Mines Preservation trust also have influence in the upkeep of the site, following a potentially harmful shaft collapse in 2012.[footnoteRef:2]   [2:  Welsh Mines Preservation Trust. (2012) Frongoch Mine Reported Collapse [online]] 

The site is significant because of its extensive mining and economic value to the area, creating up to £600,000 in profit and employment lead to early industrial towns and a boost in local economies. Another reason the mine site is important is due to its links from the Lisburne company to other large mines such as Cymwystwyth mine which help to define the archaeology of the upland areas and show the importance of industry in the Cambrian countryside. 
Surviving Archaeological Record:  
Above ground archaeological record consists mainly of the main working houses of the breakers yard, the engine buildings, remains of the winching equipment and surface tramways. There are six main areas of the site in question, the lower, bottom and middle mill areas with associated processing sites, the shafts and surrounding winch structures with crushing floors and the remains of water wheelhouses. The shafts from the later owners of the site [John Taylor & Sons, 1834] sank straight into the metal veins to 130 fathoms deep. In 1875 the second series of shafts and Vaughan's shaft were added up to 90 fathoms deep, with the mine closing after operating at 154 fathoms in 1897. The underground archaeology of any pre-industrial era mining e.g. Roman influences that are evident in other regions of Wales such as Carmarthenshire with Dolaucothi. 
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Figure 1: Frongoch Lead Mine, plan of complex produced by Tony Parkinson, undated
The structures are stone built in traditional Welsh styles to house the inner workings of engine houses and winch houses; essential buildings in any mine works and surviving the longest with periodic collapses due to weathering and age, thus making them potentially dangerous to the public who are allowed free flow through the site. Much of the above ground archaeological record comprises of the foundations of stone buildings, outlining the square base of up to 15 associated buildings including the aqueduct and winch houses near the shaft entrances. These buildings include mine worker houses, store buildings, smithy house, crushing houses and water wheel and pump houses.[footnoteRef:3] Later additions to the site include the Barracks that were built to house Italian workers when the Society Anonyme des Mines de Frongoch took over the site and worked it until it closed in 1903. Archaeology surrounding this site may be of interest due to its domestic archaeology giving clues to the everyday life and use of the site. [3:  Coflein Mapping: coflein.gov.uk, RCAHMW (2018) [online]] 
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Figure 2: Frongoch Mine, North Site, Engine House in immediate view, (Welsh Mines Preservation Trust 1985)

Potential below surface archaeology:
The potential for buried archaeology may be that of metal remains, the post holes where the winch frames stood above the shaft entrances possibly finding concrete foundations to give an idea of the overall size of the frame. The buried evidence lies also within the engine houses, as it may be possible to track the change from steam-based power to diesel engines due to the size and depth of the marks that are left below the surface when changing the machines over. Other areas of exploration that might bare buried archaeology are the ore breaking sites with both human and machine mining leaving tools or equipment beneath the surface, tramways and trackways used to carry material with their imprints in the hillsides. Around the barracks area there is potential for domestic waste and archaeology there, and possibly earlier remains underneath the building itself. 

Documentary and Visual Evidence:
The documentary and visual evidence that has been recorded surrounding the site is plentiful due to it’s long and successful history, a few books have published on the history of the mine and surrounding area and there have been extensive surveys by Natural Resources Wales and the Mines Preservation Trust. As the mine ran primarily through the 19th century technological advances such as photography became part of common practice and use so there is an extensive collection in archives such as the National Library of Wales which also include the newspaper records of events and goings on at the mine, recording positive events such as the commemoration of the Queen’s Jubilee in 1897 and less positive events such as fatalities in the mine and industrial action.[footnoteRef:4] Documentary evidence can also be found in accounts and profit of the site, defining its active years and highlighting its less successful periods, and land deeds and the changing of hands of the management. As well as photographs there have been many drawings and sketches of the site, and the mapping has also been recorded on Coflein by RCAHMW. The site history can be categorized by the ownership and dates of open/closes since the mine was started at the end of the 18th century. [4:  Newspapers Online: National Library of Wales Collection (1900, 1897, 1900): Mining Accidents, Queen’s Jubilee, Industrial Action [online]  
] 

	Date
	Activity
	Evidence/Source 

	1792-1818
	Early development of mine work by John Probert
	Frongoch Lead-Zinc Mine by David Bick


	1824-1834
	Lord Lisburne takes over mines in the area & lead prices fall due to Napoleonic Wars and lack of trade
	Northern Mine Research Society (NMRS)

	1834-1878
	The longest period of development with a single company – John Taylor and Sons – expanding the mine almost yearly 
	NMRS

	(July 1863)
	(Mine was at this point 103 fathoms deep & profits reached £600,000)
	NMRS

	1875
	Vaughan’s shaft was dug out to 90 fathoms deep
	Frongoch Lead-Zinc Mine by David Bick


	1878
	Frongoch made its first loss in profit since 1842 and the mine was given up by the Taylors and passed on 
	NMRS

	1878-1897
	John Kitto & Co take over the mine and worked in the Zinc blende that had been neglected by the Taylors & developed a waste crushing system to deal with spoil
	NMRS

	1897-1903
	Working costs became too high for Kitto and the mine was flooded at 154 fathoms and left until the Society Anonyme Des Mines De Frongoch took over the site and restored the mines to a 90-fathom level but left lower level flooding

	NMRS

	1924-1930
	The mine waste was reworked to reclaim any lost zinc that they had left behind due to the costs of recovery being too high
	NRW Abandoned Mine Case Study – Frongoch Lead and Zinc Mine



Impact of Mining on the Natural Environment:
Impacts of the mining on the natural environment range from water pollution to physical aspects of shaft collapses and avalanches of spoil heaps into the surrounding landscape. As with most lead mines, there is an aspect of poisoning that comes from the material which is detrimental to human health and the development of the environment. Welsh metal mines account for damaging environmental impacts on over 100km of river systems in the country, with polluted groundwater levels failing the adhere to the safety standards of Natural Resources Wales.[footnoteRef:5] Pollution comes in forms from smelting and refining metal ores, creating slag and other metallic products of the working floors on both upper and lower sites. However; the bulk of slag deposits can be reused and worked into construction materials such as highway surfaces and removed from the site. The major source of pollution from the lead mines comes from the washery rejects that collect in ponds or rivers creating a hazardous environment for plant and animal life. Slurries from washing the mine's products create wastewater with low metal content but with few solid bits of debris building up in sludge form, waste ponds then become highly toxic and dangerous to animals, plants, and groundwater and/or nearby reservoir water supplies. Sludge waste usually takes too long a time to settle to extract any extra remnants of metal and so are abandoned due to processing costs. Additionally, unstable solids within these waste materials may produce gaseous wastes creating a polluted atmosphere around the site itself. Environmental harm is also damaged by the material removed to reach down to the metal veins in the landscape, the material can be acidic and poisonous to local plant life, so refilling, flooding, or flattening the landscape can be harmful to plant life as many of the toxic chemicals remain within the soil and are spread further afield by machinery. This again poses a large threat to surrounding water supplies, by polluting the groundwater at much lower levels than normally humanly accessed, the lowest levels of groundwater are exposed to the pollutants. This can mean that the overall groundwater quality is lowered, and it then develops issues further on in the recycling process and can have salinity restrictions giving added difficulties to recycling the water overall and limiting its impact on the environment.  [5:  Stanley, P. Edwards, P. (2016) Mineral and Waste Planning: Welsh Projects. [online] ] 

Maintenance and Monitoring:
The importance of identifying waste uses is used in this instance to understand the quantity of waste the mine has produced and will need remediating and/or to highlight the existing uses of any waste that may be able to be recycled. With other considerations underlining any issues or technical problems one might have with using the waste in other uses such as construction material. Understanding and evaluating the value of recovery of the existing materials and metals that may survive within the waste and the cost of excavating the area financially and the cost on human health. This can depend on the economic supply and demand of the established material and the danger it poses to the site and for the sustainability of the site in the future. Monitoring the water flow of the site then becomes a significant part of the remediation, as much of the mine’s pollution is mainly harmful to the water-related sites, with the local ponds and reservoirs being at risk of contamination and spreading, creating more costly waste management needs. Situations with pond related pollution can be treated by draining the areas, clearing out and chemically treating the site and then refilling and repopulating the pond.[footnoteRef:6] [6:  Marshall, I., & Canada. Lands Directorate. (1982). Mining, land use, and the environment / vol.1:a Canadian overview. (Land use in Canada series; 22 & 23). Ottawa: Lands Directorate, Environment Canada. pp 50-67] 

Maintenance of the above ground area of the mine site can be taken care of with a fertilizing method by churning and seeding the top soil of the site, placing grass and wildflowers across the soil, and treating the environment with a chemical approach to level out the ground, taking away the acidic residues and creating a flourishing environment on a once barren site. Previous relief efforts were made just before World War One, with an attempt to reprocess the spoil yard and work the metals that were previously discarded, with transport put in place, however no reprocessing was managed due to the outbreak of war. Pre-existing procedures and environmental protection have put into places schemes to eliminate the extent of the pollution of the site to surrounding areas, most notably the team at Natural Resources Wales have diverted the Frongoch stream to make it run alongside, instead of through, the mine.[footnoteRef:7] This reduces the risk of metal pollutants and diluting the current zinc resins that are in the streams, whilst also being aware of the archaeological importance of the remains of the mine.[footnoteRef:8] The Dyfed Archaeological Trust were important advisors at this stage and they would be an important part of contact for the excavation and preservation of the built heritage as they also have access to previous excavated material and projects involving the mine site.  [7:  Natural Resources Wales. (2016) Abandoned Mine Case Study – Frongoch Lead and Zinc Mine. [online] ]  [8: British Geological Survey. (2010) The hydrochemistry of Frongoch Mine, Mid Wales. [online]] 

Recommendations: 
To improve the current state of the site for its health and safety reasons, it’s access by the public and the environmental impact of the overall mine a few measures should be put in place building upon the original conservation plan given by the Welsh governmental authorities within the area. The first of these would be to secure the current standing structures to ensure visitor safety, as the degrading nature of the buildings can damage visitors but also may impact the natural habitat for nesting birds and burrowing animals that seek shelter in the ruins. The second recommended plan would be to create a raised walkway across the site, limiting the dangers of mine shafts collapsing beneath people and animals, and allowing for safe and informative visiting whilst elimination additional forms of erosion. In order to create an overall chemically safe environment the stakeholders should ensure that the dilution of chemicals within the diverted stream is monitored to ensure the eventual end and removal of all pollutants within the Frongoch stream itself, to reprocess and redistribute any spoil waste that remains because of it, to make use of it in the most environmentally friendly way. In doing so the site will become less of a hazard to human health and environmental health yet preserving the history and the heritage that the mine stands for and represents.
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