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1. Introduction 
 
The UK MINEO study site is an area of abandoned tin mining in Cornwall. Mineralisation 
in the region occurred in several phases with the emplacement of granite. Mining began in 
the Bronze age, peaked in the late 19th century, with the extraction of copper, tin, and 
tungsten, and then declined post War, before ceasing in the 1990's. This has left a 
landscape scattered with disturbed ground and abandoned mine adits and shafts.  
 
The data for the UK site was acquired on 21st July 2000. Calibration spectra were 
measured at the same time using a portable field spectrometer. Six flight lines of HyMap 
data were flown over the UK study site which covers an area of around 200 km2 (Figure1). 
Scattered within this area are several mines of particular interest to the project. 
 

 
Figure 1: Flight lines acquired over the BGS MINEO site over the Camborne- 
Redruth region, Cornwall. 

 
The mines of particular interest (Wheal Pendarves, South Crofty, Dolcoath, United Downs 
and Wheal Jane) have long and complex mining histories. Geological and historical 
information regarding the mines in the Camborne-Redruth mining district in Cornwall is 
presented in this literature-based report. Most of the mining activity in the Camborne-
Redruth area exploits mineralisation that is associated with hydrothermal activity arising 
from the intrusion of a granitic batholith. Highly diverse types of mineralisation are 
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associated with the complex geochemistry of the granite and the nature of the local country 
rocks. 
 
Erratic periods of production during the 1960's through to the 1990's were accompanied by 
many corporate take-overs and mergers of mines and mining companies, contributing to 
the complex history of the mines. All mining activity has now stopped in the area and close 
environmental monitoring is implemented at many locations due to a series of minor and 
more major environmental problems associated with the mines. 
 
2. Historical and geological characteristics of the mines in the MINEO field area. 
 
Mining activity forms a significant part of the economic and social history of the 
Camborne-Redruth area in Cornwall. The following discusses the main geological and 
geographical features of historical and modern mining activity and highlights the most 
significant. 
 
Tin and copper mining reached a peak in the second half of the 19th century. During this 
period, small-scale labour intensive mining methods were well suited to the vughy 
unpredictable nature of mineralisation in the area. This has left a landscape scattered with 
abandoned mining adits, small-scale quarries and mine shafts. H. G. Dines (1956) in his 
report ‘The metalliferous mining region of South-west England’, summarises the geology, 
nature, extent and mineral production of workings in the area prior to 1956. 
 
After a period of declining activity, the Camborne–Redruth area was subject to greater 
prospecting interest in the nineteen sixties than at any other period during the 20th century. 
This resulted in the development of modern mechanised mines at Wheal Jane, South 
Crofty, Wheal Pendarves, Wheal Concorde and Geevor Mines. Two types of mines proved 
to be initially profitable: underground operations where rocks yielded more than 2 mega 
tonnes of ore at grades higher than 1% Sn; and open pit operations, where deposits 
contained 40 mega tonnes of ore at grades higher than 0.2%Sn.  
 
However, mineral veins in the area are notoriously vughy and mineralisation is often 
highly disseminated. This type of mineralisation is best suited to underground operations, 
which escalates prospecting and evaluation costs. The nature of mineralisation coupled 
with the price of tin and increasing working costs resulted in the closure of all mining 
activity by 1998. 
 
2.1 Geological Setting 
 
The Camborne-Redruth area has characteristically diverse mineralisation that is associated 
with the major regional Armorican granitic intrusion. The boundary of the mineralised 
zone closely approximates with the margins of this intrusion. The greater part of the 
mineralised zone is composed of slate, shale, mudstone and greenstone mainly of 
Devonian age, known locally by the collective term ‘killas’.  
 
Prior to the intrusion of the granite, the sedimentary rocks and penecontemporaneous 
minor intrusives were folded and faulted on a general ENE-WSW trend which governed 
the shape of granite bosses emanating from the batholith during its emplacement in late 
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Carboniferous or early Permian times. The trend of lodes generally follows this ENE-
WSW structural trend and lodes are largely associated with the ‘emanative centres’ 
described by Dines, (1956). However, there are examples of polymetallic mineralisation 
that contradict Dines’s emanative centre theory. This is characterised by overprinting of 
mineral zones revealed by boreholes in the Carnmenellis granite and ‘telescoping’ ore 
zones of E-W trending veins carrying W, Sn, As, Cu and Pb together in complex 
polymetallic structures. 
 
2.2 Ore genesis 
 
Most of the mineralisation in the Camborne – Redruth area is of hydrothermal origin. 
Three main metallogenic stages can be recognised in the ore field; a prebatholith stage 
(300-400 Ma), when minor strata-bound Fe-Mn oxy-hydroxide and Fe-Cu sulphide 
synsedimentary deposits formed; a synbatholith stage (270-300Ma), or a main-stage event, 
when hydrothermal deposits of Sn-Cu-As-Fe-Zn-Pb were formed; and a postbatholith 
stage (Mesozoic-Cainozoic), when epithermal vein deposits of Pb, Ag, Sb, Ba, Zn, Fe, U, 
Co, Ni and Au, and hydrothermal-supergene kaolinite deposits, formed (Jackson et al., 
1989).  
 
Jackson et al., (1989) recognise several compositional features of the granite important in 
influencing the nature of the main-stage mineralisation: 
 

1) the Sn rich nature of the magma, which constituted an important metal 
reservoir; 

2) moderately reducing conditions during crystallization; 
3) a peraluminous evolutionary trend, which promoted the retention of base metals 

in residual melts; 
4) high boron contents, which enhanced water solubility in the melt and thus 

increased the availability of magmatic fluid in residual magmas; and 
5) high contents of heat producing elements, which exerted a significant influence 

on the crystallization history of the batholith and led to the maintenance of 
residual melts at depth for 10 to 20 Ma after initial emplacement. 

 
Main-stage mineralisation is focused on the roof and margins of the major plutons, buried 
ridges, and satellite stocks of the large batholith. Principal types of mineral deposit lodes 
are shown in figure 2.  
 
The ore field represents a fossil plutonic hydrothermal system with an original depth of 
3,000 to 4,000 m in which hot (200�–500�C), moderately saline (10-30 equivalent weight 
% NaCl) fluids of mixed magmatic, meteoric and metamorphic origin were circulating. 
Erosion of the batholith roof in the early Mesozoic led to an increase in epithermal activity 
and the superimposition of epithermal systems on the earlier plutonic hydrothermal 
systems, in turn leading to a wide range of mineralogical assemblages and settings. 
 
These genetic processes coupled with the significant structural and lithological variability 
of the country rocks has lead to the occurrence of a characteristically diverse range of 
mineral deposits (figure 2). Mining methods through time have had to adapt to this 
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diversity by encompassing a comprehensive range of excavation and ore extraction 
techniques. 
 
 

 
 

Figure 2: Geological Settings of mineralisation in the Camborne-Redruth area. 
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3. Mines of Particular interest 
 
Within the 200 km2 region of interest for the UK MINEO site (figure 1) there are several 
mines which are of particular interest. These are described below, with reference to the 
specific geology and mining history of each mine. 
 
3.1 Wheal Pendarves 
 
3.1.1 Field observations 
 
1km2 site with good mixed exposure. Variety of minerals and vegetation present. 
Vegetation (Budlia bushes) are stunted in certain areas, especially close to the well-capped 
shaft. Tailing dumps are well exposed at this site. Abundant granite debris and red soils 
occur in places. Black shale drill core debris is also found. Minerals present in veins in the 
mine include Chalcopyrite, Wolframite, Scheelite, Geothite and Chlorite, with abundant 
quartz. 

 
Figure 3: Field photograph of Wheal Pendarves Mine. Sparse vegetation  
and red tailings compose most of the site. 

 
3.1.2 Geology 
 
The Pendarves mining area is located on the northern slope of the Carn Brea granite that is 
overlain by thermally metamorphosed Devonian killas and greenstone. The granite ridge 
trends east-northeast along with numerous elvan dykes and the chief lodes. The chief lodes 
(including the Harriet system) dip 70 – 80� northwest and the elvan dykes are near vertical. 
The sub crop of granite slopes northwards 30 - 40� and in this location it is thrown up into 
a ridge running adjacent to the main batholith located in the south. The host rock to the 
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chief lodes is the Mylor Slate Formation. Two bands of greenstone occur within the Mylor 
Slate; within these the lodes become pinched and contain a lower-grade ore (Dines, 1956). 
 
Faulting in the Harriet system, which may be contemporaneous with mineralisation, is 
early phase and commonly consists of cassiterite-tourmaline-quartz veining. Later stage 
mineralisation with characteristic cassiterite-chlorite-quartz and extensive sulphide 
mineralisation is present in the Tryphena system. Practically all the fissure faults have 
borne copper ore in the upper levels and tin ores below. In addition, the lodes have yielded 
quantities of arsenic and tungsten ore, and small amounts of Pb, Co, Ni, Bi, Ur and Ag 
have also been recovered during the early stages of the mining (Dines, 1956). 
 
3.1.3 Mining History 
 
The Pendarves United mining area, located immediately to the Southeast of the town of 
Camborne, consists of a group of mines including Wheal Nelson, West Condurrow, 
Tryphena or Pendarves Consuls, Tolcarne and South Tolcarne mines. Records of output 
from this group of mines under the name of Pendarves date back to 1854. It is likely that 
the various mines were acquired under this name at different times. Historically recorded 
outputs for Pendarves United are: 1816-1854 and 1866-81, 2,660 tons of black tin, 575 
tons of 6 per cent copper ore and 56 tons of arsenic (Dines, 1956). The mines were closed 
in the late 19th century due to the decreasing grade of the ore with depth. 
 
Renewed interest in the area was sparked by encouraging geochemical and geophysical 
surveys and Cornish Explorations commenced a drilling programme in 1963, in 1966 a 
consortium under the name of Camborne Tin Limited drilled holes at the location of a 
proposed vertical shaft. Work began in late 1967 and the shaft was drilled to a depth of 260 
m before being commissioned in 1969. In 1970 underground exploration began and the 
West Stray Park (also known as Harriet) and Tryphena lodes were cross-cut to the north-
west and south-east (Leveridge et al., 1990).  
 
In 1971, the Cornish Tin Smelting Company Ltd was incorporated to process Pendarve ore 
at Roscroggan mill. 432 tonnes of ore were produced. Operations were suspended in 1972 
and the mine was taken over by Great Western Ores Ltd in 1973. The shaft was deepened 
to 6-levels in 1976 and further exploration of the Harriet and Tryphena lodes was carried 
out. A drilling programme was initiated in 1983 to investigate the Great Flat Lode in the 
area west of South Tolcarne mine GR [656 386]. The international tin crisis of 1985/6 and 
the low grades of ore lead to closure of the Pendarves area and the mines were placed on 
care and maintenance (Leveridge et al., 1990) and subsequently abandoned. 
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3.2. Carn Brae 
 
The original Carn Brea mine site is located on the northern fringes of the Carn Brea 
granite, south of the railway line. The mine incorporated the Tincroft and Cooks Kitchen 
mines in 1917, when the name Tincroft was adopted for the whole area. The chief lode 
exploited here is the Tincroft North Lode. The granite-killas junction at the surface runs 
E.N.E and underground the general subcrop of the granite surface dips 25� to 35� N. 
Several elvan dykes, traversing both granite and killas, are located in the north of the area 
(Dines, 1956). 
 
The central part of the Tincroft North Lode was worked from South Shaft; the workings 
are all within killas and greenstone. The western part of the Tincroft North Lode is cut by 
Price’s Lode. Specimens from this lode consist of quartzose breccia with quartz grains in a 
fine-grained quartz-tourmaline matrix that has itself been rebrecciated and invaded by vein 
quartz that carries well-crystallised and zoned cassiterite. Both tin and copper ore were 
reported to occur to a depth of 200m, dominant lode fillings below this depth consist of 
finely divided chlorite with grains of cassiterite and arsenopyrite. The lode passes from 
killas to granite at 210m in the east and 150m in the west. Lodes in the Tincroft area were 
closed early in the 20th century (Dines, 1956). 
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3.3. South Crofty 
 
3.3.1 Field observations 
 
This is an extensive complex site bounded by the Red River. Dumps at the mine have been 
reworked and are relatively well vegetated. Older tailings dumps can be investigated where 
the railway line cuts through one of the vegetated dumps. The mine waste at South Crofty 
does not look extensive enough for such a large mine, suggesting re-use or transport off 
site. Mine buildings at South Crofty are still present as the mine stopped production not 
long ago. 
 

 
Figure 4: Field photograph of the South Crofty mine site. 

 
3.3.2 Geology 
 
South Crofty mine lies to the north of the Carn Brea granite outcrop. The central shafts 
encounter the granite-killas junction at approximately 270m below surface. The granite-
killas junction dips approximately 30� N and crops out 67m S and parallel to the railway 
line. Underground, it slopes at approximately 35� N, but in places dip is irregular, due to 
fissure lode faulting. In Robinson's Shaft it is penetrated at 350m. The granite is composed 
of quartz, orthoclase, plagioclase (occasionally recognisable as albite), and muscovite. The 
plagioclase is usually completely kaolinized and sericitized. The killas consist of 
metasediments (dominantly of low-grade phyllite) and metabasites. The early central shafts 
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(formerly the Longclose and Dudnance mines) contain at least six lodes. Some lodes in the 
outer areas of South Crofty show minor stoping.  
 
Lodes were mined mainly in the early period of the areas development and typically 
decrease in grade with depth. Figure 5 shows recent deeper mining activity that has centred 
on the main lode and the great flat lode intersected by Robinsons shaft (Dines, 1956). 
South Crofty is unique in that the recognisable types of lode (figure 2) are a good general 
representation of the variety of mineralisation in the Camborne – Redruth area as a whole. 
Selwood, (1998) classifies the mineralisation into 7 generalised types: 
 

1) Subhorizontal ‘floors’ of quartz and wolframite, with greisened margins, also 
some wolframite-bearing veins of pegmatite aspect. 

2) Fe-rich tourmaline (schorl) veinlets, carrying some cassiterite and mostly 
forming steeply dipping swarms. 

3) The main economic Sn-bearing veins in steeply dipping fractures trending 
ENE-WSW. The dominant mineralogy is of very finely crystalline tourmaline 
(‘blue peach’), with aggregates and discrete grains of fine-grained cassiterite. 
Brecciation is a common feature of these veins. 

4) The blue peach veins are overprinted in places by chlorite (‘green peach’); there 
is some remobilization and recrystallization of cassiterite, which in this 
assemblage commonly occurs as coarsely crystalline grains and aggregates. 

5) Steeply dipping, WNW-ESE-trending fractures are infilled with assemblages of 
quartz, fluorite, chlorite and hematite. These fractures may form individual 
veins (‘caunter lodes’) or form crosscutting zones within earlier peach lodes. 
Cassiterite in these structures is scarce or absent, and the caunter lodes may 
carry Cu-Pb-Zn-Bi minerals. 

6) Chalcedony and clay-filled wrench faults of NW-SE to NNW-SSE trend, 
associated with extensive kaolinization. The principal example of this type is a 
major fracture complex, called the Great Cross-course, which has a 
displacement of more than 100m, and physically divides mine workings into 
two distinct compartments. 

7) Extensional fractures of roughly N-S trend, typically infilled with comb-layered 
quartz and fluorite. These veins may carry minor amounts of low temperature 
sulphide minerals, and are not commonly associated with kaolinitic alteration. 

 
Pryce’s Lode (the western extension of East Pool) is mainly copper in its upper levels and 
is contained within Mylor slate country rock. Below approximately 200m lodes become 
rich in tin ore and are contained within granite country rock. Pryce’s lodes are rich in 
tourmaline, chlorite and feldspar with a central final stage infilling of ferruginous quartz 
and calcite. Lodes in the adjacent Tincroft mine to the south have a different character and 
are richer in arsenopyrite and fluorite (Dines, 1956). 
 
3.3.3 Mining History 
 
Records state that mining activity south of the Camborne–Redruth road commenced in 
1718. By the late 1800’s this densely concentrated mining area was consolidated under the 
name of South Wheal Crofty. South Wheal Crofty Ltd took over neighbouring mines 
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including Dolcoath, Tincroft,, Eastpool and Agar. Many of the old mines in the vicinity 
were worked out copper mines that have since proved to contain tin at depth (Dines, 1956).  
 
South Crofty and surrounding mines have changed hands many times in the past fifty 
years. By 1984 Rio Tinto-Zinc Ltd had acquired full stakes in the mines and a decline from 
the Tuckingwill valley was begun in 1984 aimed at replacing Robinsons Shaft (the chief 
hoisting and pumping shaft, figure 5). Permission was sought in 1985 to drill exploratory 
boreholes on the Great Flat Lode, southwest of Redruth. Peak production from the South 
Crofty mines occurred during 1972-1985 when a mean of 212 899 tonnes of tin ore was 
extracted (Leveridge et al., 1990). South Crofty was the last working mine in Cornwall, 
closing in 1998. 
 

 
 
Figure 5. The Camborne – Redruth mining district showing mineralisation at South Crofty 
Mine (Evans, 1996). 
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3.4. Dolcoath Mine 
 
This is an interesting site, partially restored but with much of the site untouched. The mine 
has been landscaped in some areas but left derelict in others. Grassed over, reworked waste 
makes up most of the site. The paths and car park are made from very light crushed rock, 
which may be from the site but looks most likely to have been be brought in from 
elsewhere, during restoration. 
 
Dolcoath mine is located 0.6 km SW of South Crofty. South Crofty Ltd took over the mine 
in 1906. Dolcoath is typical of the many old mines in the area that were once deemed to be 
worked out copper mines but have since proved to contain tin at depth.  The Main lode, 
considered the most important and productive ore body in the west of England prior to the 
mining expansion in the area during the 1960’s, can be traced eastwards through Cooks 
Kitchen, Tincroft and Carn Brea Mines. The general strike of the lode is 30� to 40� N it 
ranges from 0.30 - 5.5 m thick in the upper levels to 5.5 – 16.5 m thick below 400 m. 
Above adit level the lode is gossany, consisting of spongy quartz with iron oxide, pyrite, 
melancolite and traces of cassiterite. From adit level to 320 m there is a zone of secondary 
sulphide enrichment. At 360 to 380 m the lode is narrow and of low grade and below this 
level cassisterite content increases dramatically. The change from killas to granitic wall 
rock does not have any influence on this regionally recognised ore boundary. The lode is 
often vughy and commonly becomes brecciated in killas country rock (Dines, 1956). 
 
3.5. Basset Mine 
 
Basset Mine contains various large terraced dumps. Mine waste is exposed at the faces of 
the terraces, where stepped dumps have become too steep to be stable. White clover is 
abundant over grassed level areas where the ground is stable. Large derelict mine buildings 
still dominate the site.  
 
The Basset Mines consisted of three mines 'Wheel Frances’ to the south of Carnkie, 'West 
Wheel Basset' and 'East Wheel Basset'. By 1896 mergers meant that all three mines 
became known as 'Basset Mine Limited' and the company continued until 1918 when it 
closed due to the falling price of tin. During the period 1815-1905 14,178 imperial tons of 
black tin and 94,200 tons of 8.5% copper ore were recovered (Dines, 1956).  
 
The mines lie in the vale between Carnmenallis and Carn Brea and extend along it for a 
distance of about 2.5km. The most important ore body was the Great Flat Lode that strikes 
ENE and dips 30� SSE. This lode is characterised by highly disseminated cassiterite 
constituting 1-3% of the rock in a matrix of quartz-tourmaline-chlorite gangue. 
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3.6. Wheal Uny 
 
Wheal Uny is a highly vegetated site, with not much mine waste exposed. Patchy 
vegetation may give rise to a characteristic response for the worked ground in the HyMap 
data. Typical vegetation includes gorse, thistles, budlia and purple heather. The main shaft 
is impressive and has extensive metal capping, but the smaller shafts are simply 
surrounded by fences. 

 
  Figure 6: Field photograph of Wheal Uny, highly vegetated site. 
 
Wheal Uny is situated on the northern outcrop of the Great Flat Lode; the lode occurs 
within killas rock close to the granite contact. Between 1826 and 1856 records suggest that 
Wheal Uny produced 755 tons of 4.5% copper ore and 7,660 tons of black tin (Dines, 
1956). 
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3.7. United Downs 
 
3.7.1 Field observations 
 
This is a very good site for the purposes of the MINEO project, with lots of mine waste 
exposed. A danger sign at the entrance suggests that field work would need access 
permission. There is good exposure, with stunted vegetation, extensive mine waste and 
good access by car. An interesting old tailings dam with evidence of several phases of 
industrial activity makes up most of the site. Some measurements can be made from paths 
designed for recreational use off the main road, without access permission.  
 

 
Figure 7: Field photograph of United Downs mine. 
 
3.7.2 Geology 
 
The country rock of the area is dominantly composed of slaty metasediments of 
greenschist facies and metabasites, both of late Devonian age. The chief lodes (Hot Lode 
and South Lode) intersect Elvan dykes striking approximately E-W and dipping 30� north. 
Hot Lode and South Lode strike E-W and dip 20� N and have been exploited throughout 
the history of the mine. Several lodes have been mined for shorter periods, mainly 
branches or droppers from other lodes.  
 
Hot Lode ranges from 15-185 cm in width and consists mainly of fluccan, quartz and 
copper ores. Great South Lode outcrops 155 m south of Hot Lode and consists of quartz 
with chalcopyrite and pyrite at deep levels barite forms a lining to vughs. Many of the 
smaller veins consist of tourminalized strings through quartzose schists forming 
disseminated deposits of barite and chalcopyrite (Dines, 1956). 
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3.7.3 Mining History 
 
United Mines includes Wheals Squire, Cupboard, Poldory, Ale and Cakes, Clifford and 
Andrew or Friendship Mines. The group was later amalgamated with Great Consolidated 
mines to the north. Little is known of the history of the individual mines of the United 
Mines group.  
 
Poldory was probably active in 1760. It appears to have commenced production as a small-
scale tin mine and then been combined with other small-scale mines in the area in 1815 
under the name of United Mines. In 1861 the whole group was included with Great 
Consolidated as Clifford Amalgamated Mines. Wheal Clifford produced 50,167 tons of 
6.5% copper ore and 365 tons of black tin during the years 1835-61. The other mines of the 
United Downs group produced 347,500 tons of 7.5% copper ore, 250 tons of black tin, 158 
tons of arsenic, 1,290 tons of pyrite and 271 tons of zinc ore during the years 1815-61. The 
area was prospected again in the 1940’s and brief trial mining operations were conducted 
(Dines, 1956), but this did not lead to any major activity. 
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3.8. Wheal Jane 
 
3.8.1 Field observations 
 
This is a very large, well exposed site. The former tailings ponds are still full and the water 
is bright red in colour, while the dry deposits are also well exposed. Work is still going on 
at the site, primarily concerning the treatment of mine waters, and mine buildings are 
present as the mine has only recently ceased production. 
 
3.8.2 Geology 
 
Figure 8 shows a cross-section of Lode B, the original prospective lode, found to split into 
two main high-grade veins at depth; the North Lode that follows the footwall of quartz-
porphyry, at around 22� dip and South Lode that has a steeper dip. South Lode is a 
complex, brecciated shear zone dipping to the NNW at 50-70� that underwent several 
phases of reactivation and mineralization. It is generally 3m wide reaching 10m at lode 
intersections, and the payable zone plunged steeply to the west where it diverged with 
depth into what may be two discreet pay shoots (Evans, 1995). 
 

 
 
Figure 8: Cross Section of the main lodes worked at Wheal Jane (adapted from Evans, 
1995) 
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The altered and brecciated shear zones were affected by post-mineralization shear stresses 
that created fractures that were also subsequently mineralized. Holl & Bromley, (1988) 
provide a simplified model of the mineralising episodes as follows: 
 

1) Greisenization with a wolframite, cassiterite, lollingite, native bismuth 
and quartz assemblage (greisen phase); 

2) Tourmalinization of the shear zone with deposition of quartz and 
cassiterite in a very fine-grained assemblage as a result of rapid 
deposition and shearing (tourmaline phase); 

3) Extensive chloritization of the shear zone and/or wall rocks with further 
introduction and remobilisation of quartz, cassiterite and sulphides 
(arsenopyrite, stannite, chalcopyrite, sphalerite, pyrite and quartz), 
(chlorite phase); 

4) Sulphide mineralisation as veining of earlier ore and as massive banded 
pyrite, sphalerite and chalcopyrite (replacement veins); and 

5) Vughy quartz and barren sulphide veins crosscutting the original fabric. 
 
3.8.2 Mining History 
 
Wheal Jane is sited in an area made derelict by previous working which may date back to 
1740. This earlier activity probably ceased in about 1875. In 1905 the mines were 
amalgamated with others under the name of Falmouth Consolidated mines, which was 
dissolved in about 1915. West Wheal Jane produced 410 tons of black tin, 50 tons of 
copper ore 26 tons of 74% lead ore, 158 oz of silver, 390 tons of zinc ore, 27,170 tons of 
pyrite, 382 tons of arsenic and 207 tons of iron ore from gossans during the period of 
1854-89. Wheal Jane produced 3,832 tons of black tin, 740 tons of 4% copper ore, 302 
tons of 64% lead ore, 2,921 oz of silver, 586 tons of zinc ore, 33,340 tons of pyrite, 86 tons 
of arsenopyrite, 243 tons of arsenic, 100 tons of ochre and 3,666 tons of iron ore from 
gossan during the period of 1847-95 (Dines, 1956). 
 
In 1964 the mines came under control of Consolidated Gold Fields. Exploratory drilling 
began in 1966 and shaft rehabilitation and underground exploration followed in 1968. In 
1969 a decision was taken to bring the mine into production under the name of Wheal 
Jane. The mine produced tin, copper and silver. Annual production of tin peaked in 1973 at 
1600 tonnes, declining to 951 tonnes in 1977 before closure in 1978 due to the increase in 
pumping costs when the adjoining Mount Wellington mine was closed. It has also been 
suggested that hasty exploitation of rich ore resulted in a lack of development of ore 
reserves (Leveridge et al., 1990).  
 
Carnon Consolidated, a subsidiary of Rio Tinto Zinc Ltd, acquired Wheal Jane and Mount 
Wellington in 1979 from Consolidated Gold Fields Ltd and Cornwall Tin and Mining Ltd. 
The mines were refurbished to operate as one unit, using the mill at the Wheal Jane site. 
Production restarted in 1980 reaching 1499 tonnes of tin in 1981 and 1863 tonnes in 1984. 
Wheal Jane closed in March 1991 (Leveridge et al., 1990).  
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3.9. Estuary and Carnon Valley. 
 
The Carnon valley estuary is thought to be the most polluted site in the area of interest. 
This is due to mine waste draining into the estuary from several mines in the region and 
also due to the exploitation of alluvial tin deposits. 
 
3.9.1 Alluvial Tin Deposits 
 
Alluvial deposits in Cornwall are derived from the erosion of hydrothermal veins, the 
transport of the resulting debris and its incorporation into superficial deposits. Many of the 
alluvial and fluvial placer deposits in Cornwall, mainly in the form of detrital cassiterite, 
closely follow the trend of the Quaternary drainage network and are closely associated 
with upstream mining areas as shown in figure 9. 
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Figure 9. Regional stream sediment anomalies for tin in comparison with main mining 
areas in this region (after Dunlop & Meyer, 1978). 



 
The earliest evidence of mining activity in Cornwall suggests that Sn bearing fluvial 
deposits were of prime importance. Very little is known about the production history of 
such mines, only that many of these mines appear to have been reworked several times. 
Cassiterite commonly occurred in gravel resting immediately on a bedrock ‘shelf’ below 
alluvial sand, silt and gravel. In some areas there is more than one tin-bearing horizon, but 
the basal gravel was usually the richest. Detrital tin, liberated solely by natural erosional 
processes, tends to be pure, unlike metallic ores from alluvial deposits consisting of 
tailings from mineral processing operations, which invariably contain sulphides. Mines 
(notably Wheal Jane) with long operational histories have found it profitable to rework 
tailings with newer more efficient mineral processing techniques such as froth flotation 
and magnetic sorting.  
 
The principal tracts of alluvium worked for tin are Porkellis Moor, the Carnon Valley 
around Bissoe and Restronguet Creek. Hydraulic Tin of Bissoe, who worked alluvial tin 
and mine waste tailings were taken over in 1978 by Billiton Minerals, a Dutch Shell 
subsidiary. The mill at Bissoe was modernised and in 1979 Billiton also acquired the mill 
at Mount Wellington Mine, which closed in that year. Preparation to work the Carnon 
Valley deposits between Bissoe and the Truro-Falmouth road at Devoran continued in 
1980 and the deposits of Restronguet Creek were prospected before the company ceased 
operations in 1981 (Leveridge et al., 1990). In the mid 1980's, dump areas at Dolcoath, 
Wheal Uny and United Downs mines were reworked for their tin content (Dungey, 2000). 
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4. Key Environmental Issues 
 
4.1 Introduction 
 
Mining in the region has left a legacy of mine waste and disturbed ground in various 
forms. Mine shafts and adits are also abundant, these are dotted around the region and 
mark the location of various prospection activities. The mine waste itself at many of the 
sites is either piled up near the entrance of shafts, or spread out over the site in an effort to 
disperse contamination. In some cases mine waste has been used to resurface roads in the 
region and in a variety of other settings requiring crushed rock. 
 
Due to the depths of some of the mine shafts sunk many of the problems encountered 
during mining are now also becoming environmental issues after closure. The mine shafts 
in the region were often sunk below the water table and great efforts were made to pump 
out water during mining activity. Now that mines have ceased production, no active 
pumping is required to keep the mines free of water. It is this water that can become 
contaminated with heavy metals and seep out of adits and shafts as acid mine water. 
 
4.2 Case Study: Wheal Jane Disaster 
 
The UK's most infamous mine water outburst disaster occurred on January 16th 1992, when 
320 million litres of untreated acidic mine water and sludge burst from the Nangiles adit at 
the Wheal Jane Mine site in Cornwall. The following case study describes the history of 
the mine and also the reason for the environmental disaster that occurred after its closure. 
 
4.2.1 Mining History 
 
Wheal Jane is sited in an area made derelict by previous working which may date back to 
1740. This early activity ceased in about 1875. In 1905 several mines were amalgamated 
under the name of Falmouth Consolidated mines in an attempt to reduce costs by using 
electricity for pumping. However, as with other Cornish mines that attempted to 
modernise, the underlying economic barriers still existed and they resulted in closure in 
about 1915. Small scale underground investigation occurred again between 1935 and 1941, 
with the setting up of a small mill to process mine tailings up to 1946. 
 
In 1964 the mines came under control of Consolidated Gold Fields. Exploratory drilling 
began in 1966 and shaft rehabilitation and underground exploration followed in 1968. In 
1969 a decision was taken to bring the mine into production, under the name of Wheal 
Jane. The mine produced tin, copper and silver. Annual production of tin peaked in 1973 at 
1600 tonnes, declining to 951 tonnes in 1977, before closure in 1978 due to the increase in 
pumping costs when the adjoining Mount Wellington mine was closed. 
 
Carnon Consolidated, a subsidiary of Rio Tinto Zinc Ltd acquired Wheal Jane and Mount 
Wellington in 1979 from Consolidated Gold Fields Ltd and Cornwall Tin and Mining Ltd. 
The mines were refurbished to operate as one unit, using the mill at the Wheal Jane site. 
Production restarted in 1980, reaching 1499 tonnes of tin in 1981 and 1863 tonnes in 1984. 
The nature of mineralisation coupled with the price of tin and increasing working costs 
resulted in the final closure of Wheal Jane in March 1991 (Leveridge et al., 1990). 
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4.2.2 The environmental impact of mine closure 
 
Few of the mines in the Camborne - Redruth area worked significantly below sea level. 
This was due to the expense that was incurred in pumping the water from the mines in 
order to work mineral deposits below the natural water table. Natural drainage from the 
Wheal Jane mine was via Jane's adit, only 20 metres above sea level, which drained into 
the Carnon River. As deeper mine adits were sunk, notably the Nangiles Mine adit at the 
Wheal Jane site, pumping was essential in order to drain these adits during the operation of 
the mine. 
 
After mine closure and the cessation of mine pumping, Wheal Jane was allowed to flood. 
By November 1991 the water level had almost reached the surface and there were 
indications of leakage into the Carnon River revealed during monitoring by the National 
Rivers Authority (NRA), which is now the Environment Agency. This leakage was not 
very significant when considered against the background of acid mine drainage in the 
Carnon River since 1950, but it was enough to raise concern.  
 
The Carnon River discharges 3km down stream into an estuarine area popular for sailing 
and fishing activities. The main potential problems included the acidity of the mine 
drainage (pH 2-3) and the high concentration of the metals, Cadmium, Zinc, Copper, Lead, 
Arsenic, and Iron. These metals are released from the oxidation of in situ sulphides due to 
acid waters created by the weathering of pyrite. As a result of these concerns pumping 
recommenced and mine water was treated via liming in order to reduce pH and precipitate 
metals such as Cadmium and Zinc. This operation was funded by the NRA and Carnon 
Consolidated (Evans, 1995).  
 
Pumping had to stop on the 4th January 1992 due to stormy conditions. The build up of 
water that resulted caused a breach in the concrete plug at Nangiles adit, an old outlet of 
the Wheal Jane mine. There was a subsequent major outflow of 320 million litres of 
untreated acid water into the Carnon River. This resulted in a major pollution plume that 
discoloured the estuary and deposited high concentrations of Cd and Zn (Figure 10). 
Cadmium levels reached 600 mg 1-1, relative to UK water quality standards of 1 mg 1-1. 
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Figure 10: Pollution plume at Carrick Roads, an inlet to the sea, down stream from the 
outburst at Wheal Jane, 16th January 1992. 
 
The immediate public outcry lead to more stringent pumping and water treatment measures 
at the Wheal Jane main shaft. A sustainable solution is being sought; this may involve the 
channelling of mine waters through limestone tanks and the extraction of metals using 
vegetation. The crisis at Wheal Jane highlighted the areas potential for similar problems 
occurring at different mine sites in the area. The UK government has subsequently spent a 
total of £8 million on mine remediation in the Camborne-Redruth area (Evans, 1995). 
 
4.3 How Remote Sensing can address these issues 
 
The purpose of the MINEO project is to develop new methodologies to map mine waste 
and contamination using Earth Observation techniques. The most promising techniques are 
those that have been used in the past to map the minerals used for exploration purposes. In 
this study the same principals will be used to map minerals within the mine waste. Areas of 
exposed mine waste will be studied to develop methodologies to map the mine waste over 
large areas. It is hoped that this will result in a safe, rapid non-invasive technique which 
can then be applied to other temperate environments where mine waste is an issue. 
 
Where mine waste is not exposed at surface, studies into vegetation stress will be 
undertaken. The vegetation growing on abandoned mine sites will show signs of stress due 
to concentrations of heavy metals and other contaminants present in the soil. This will be 
shown by stunted growth, yellowed leaves and often the preferential colonisation of mine 
waste by certain plant species. These plants colonise areas of contamination as they are 
resistant to concentrations of mine waste within the soil. It is hoped that types of 
characteristic vegetation can be highlighted in remotely sensed data. This can be used in 
turn to map mine waste that is covered with vegetation in the temperate environment. 
 
The application of hyperspectral remote sensing to mine waste problems in this area will 
be reported in subsequent reports. 
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5. Summary and Conclusions 
 
The extractive industry has had a huge impact on the wealth of Cornwall, playing a huge 
part in the socio-economic fabric of the region. The resources exploited are almost entirely 
associated with the granites of the Cornubian ore field. The geochemical diversity of the 
granite and the general diverse geology of Cornwall has resulted in many different styles of 
mineralisation that is often of high grade but notoriously unpredictable. Deposits of all 
natures have been exploited since prehistoric times, but only during industrialisation and 
with increasingly sophisticated technology could larger and deeper ore bodies be profitably 
exploited.  
 
Since industrialisation Cornwall remained the principal tin, copper, lead, zinc, tungsten and 
wolframite producing area in the British Isles. However, the fluctuating world markets and 
the price of tin have influenced the erratic productivity of these mines and lead to the 
cessation of all mining activity in Cornwall by 1996. Close environmental monitoring is 
now required at many locations due to a series of minor and major environmental problems 
associated with the closed mines. The disaster at Wheal Jane min, in 1991, emphasises the 
need for close environmental monitoring and control.  
 
This site in the UK was chosen as part of the MINEO project due to the many and varied 
mining styles and potential environmental issues found within the region. The diversity of 
mineralisation and range of ages of the mines will provide a very interesting backdrop for 
the application of remote sensing techniques to this particular issue. The study of 
vegetation stress as well as mapping exposed mine tailings will add a further angle to the 
study of environmental issues using remote sensing in a temperate, vegetated environment. 
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