
GEOLOGY ECTON HILL FIELD STUDIES ASSOCIATION 

 

www.ECTONHILLFSA.org.uk 

GW7 SS1 What makes an Ore Deposit worth Mining(2015) Page 1 of 9 

WORKSHOP 7: STUDENT SHEET 1 

What makes an Ore Deposit worth Mining? 

MINING ON ECTON HILL 

Ecton Mine was almost unique, being a rich copper mine in an area associated with lead 

mining.  The minerals were concentrated in “pipes” and extraction involved removal of 

only the rich mineral deposit, including relatively little waste.  Although there was no 

accurate measurement of ore grade at that time, information indicates that the grade 

of copper (calculated as the element), in the mined ore was as high as 15%.  Records show 

that mining was carried out, with some fairly short periods of inactivity, from 1654 until 

1891.  Ore production peaked in 1786, when more than 4000 tons were raised.  At this 

time, the depth of the Ecton Mine was said to be around 124 fathoms below the water 

table (1 fathom = 1.8 m). 

There were several pipes on Ecton Hill and these were mined separately, although some 

links were established to assist in raising the ore to the surface. 

Figure 7.2 below shows some of the pipes, with depths and some dates of construction. 

Fig 7.2 A composite section through part of Ecton Hill showing the main ore deposits and 

the principal mine workings (Robey and Porter 1972) 
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Throughout the 18th and 19th Centuries, the majority of copper in Britain was produced 

in Cornwall, but in the 1780’s Ecton produced 12% of the combined output of the Cornish 

mines.  Contributing to the success of Ecton during this period, was the low cost of pump-

ing water from levels below the water table, compared with that in the Cornish mines. 

TECHNICAL DEVELOPMENTS 

As such a large amount of ore, including waste rock, was being raised from what was, at 

that time, said to be the deepest mine in Britain, improved methods of winding were 

necessary.  A Boulton and Watt steam engine was installed in the engine house, at the 

top of the hill.  It commenced operation at the end of 1788. 

Improvements in Mineral Dressing 

In 1804, work on driving a new level, known as Salt’s Level, was commenced and new 

“dressing floors”, with a water course supplying water to assist with mineral separation, 

was established. 

In 1818, large scale reworking of the old tips commenced.  In order to produce at least 

6% copper from these tips, further technology was required, to “dress” the ore more 

effectively. 

“Dressing” was the term used for separating the “value” minerals from the waste.  Each 

chunk of rock removed from the mine had to be reduced in size so that the metallic 

minerals (chalcocpyrite, galena and sphalerite) could be “liberated” from the rock (lime-

stone), within which they occurred.   

Earlier separation had depended largely on sorting by eye and breaking off the obvious 

metallic minerals using hand-held hammers.   

Stamp mills, driven by a waterwheel, were erected further down the river Manifold.  

These crushed the ore to much smaller sizes than could be achieved by hand-held ham-

mers. 

Jigs and buddles were erected on the dress-

ing floor, for the separation of minerals. 

Mineral Liberation 

The rock is broken into small pieces.  The size 

of these depends on the size of the metallic 

mineral grains in the rock (Figure 7.3).  If 

sample A were broken into 2 cm. cubes, some 

of the metallic mineral would be fully liber-

ated (depending on where the rock breaks).  

It would be necessary to break it further to 

ensure complete liberation.  Sample B would 

need to be broken into much smaller frag-

ments to liberate the minerals. 
Fig 7.3 The distribution of ore minerals 

within a host rock 
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Stamp mills were operated by water or steam 

power.  Heavy metal rods were dropped re-

peatedly on to the ore, below which was a 

screen (sieve) through which particles of the 

required size would fall.  These would be re-

moved for mineral separation (Figure 7.4). 

Mineral Separation 

Separation of the metallic minerals from the 

waste rock relies on density differences be-

tween the minerals.  The following table gives 

the densities of some of the minerals mined 

at Ecton. 

 

 

1. THE JIG. 

A jig can be used for particles having diameters in the range 3 to 25 mm. 

The jig operates by lifting the bed of mixed minerals, using pulses of air in water.  The 

denser ones settle more rapidly and eventually fall to the bottom.  Less dense minerals 

move to the top of the bed.  The different minerals are dug out separately from the 

different levels (Figure 7.5). 

Mineral Formula Density 

g/cm3 

Calcite CaCO3 2.71 

Chalcopyrite CuFeS2 4.1 – 4.3 

Malachite Cu2(OH)2CO3 4.05 

Galena PbS 7.4 

Sphalerite (Zn,Fe)S 3.9 – 4.2 

Fig 7.4 Traditional water-powered 

stamps 1 
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2. THE BUDDLE. 

Buddles can be used for smaller par-

ticles.  The buddles at Ecton were 

conical in shape.  The mineral parti-

cles were introduced near the apex 

of the cone.  The denser minerals 

thus settle near the top of the cone, 

while the less dense ones wash down 

the slope and are discharged around 

the rim into a gutter, as shown on 

the diagram.  The rotating brushes 

stir the settled material gently, 

freeing any light minerals “trapped” 

under heavier ones.  The remaining, 

denser, particles were then scraped 

off the surface to be stored sepa-

rately (Figure 7.6). 

 

 

Figure 7.5 A full scale reconstructed jig in operation at Kilhope 

Mine, County Durham 

Fig 7.6 a) The principle of the conical buddle 
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OVERPRODUCTION OF COPPER 

By the late 1770’s, another source of British copper appeared: the Parys Mountain Mine 

in Anglesey.  The mass of copper ore could be worked from the surface.  Extraction costs 

for open pit mining are much lower than those for underground mining (as with coal ex-

traction).  In addition, the close proximity of the sea enabled fuel to be shipped in and 

ore shipped out to the smelter in South Wales.  Apart from seriously affecting the Cor-

nish mines, the main outcome was an overproduction of copper, resulting in a drastic 

reduction of price.  By smelting its own ore, Ecton managed to escape the effects of the 

Anglesey mining. 

By the 1830’s the output from Ecton had seriously diminished, as the dimensions of the 

deposit became much smaller and showed no signs of widening out again.  

Several different companies were formed during the 1800’s and a variety of attempts 

made to extract ore from various parts of the mines at Ecton. 

Between 1857 and 1891 (when the mines finally closed), repairs were carried out and the 

mines were further developed.  More dressing and pumping equipment was installed.  Alt-

hough a great deal of money had been spent and some respectable quantities of ore pro-

duced, costs exceeded revenue and the mines have not been worked since that time. 

 

Figure 7.6 b) A conical buddle still in use at Blue Hills Tin Works, Cornwall 
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COPPER MINING TODAY 

Since that time large copper deposits have been discovered and exploited in many parts 

of the World.  Improved methods of recovery of the value minerals have made it possible 

to mine grades of ore much lower than those recovered in the time when Ecton mines 

were worked.  

The Bingham Canyon Copper Mine in Utah, USA, has been producing copper for more than 

100 years.  The open pit is now 4 km across and almost 1km deep.  In 2004, Bingham 

Canyon mined 45.7 million tonnes of ore grading 0.63% copper, 0.033% molybdenum, 0.29 

g/tonne of gold and 3.04 g/tonne of silver.  246,700 tonnes of copper were produced, 

indicating that 86% of the copper content in the ore was recovered. 

There are two major reasons why this grade of ore can be exploited economically.  The 

first is that the total quantity of ore is enormous.  Secondly, efficient crushing, grinding 

and mineral separation are achieved, enabling a high percentage recovery.  The most no-

table separation technique is that of “froth flotation”.  This enables the separation of 

very fine particles to be achieved.  In froth flotation, a chemical, called a collector, is 

added to the water/mineral mixture.  This coats, selectively, the mineral grains to be 

recovered.  Detergent is added, and air is blown in to produce froth.  The mineral parti-

cles coated with water-repellent, rise to the surface with the froth and are scraped off.  

The product is known as the mineral concentrate 

Figure 7.7 Bingham Canyon Copper mine 
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Figure 7.8 Froth flotation cells at Cavendish mill, near Eyam 

Producing the Metal 

The concentrate is smelted in furnaces to produce copper metal.  However, this is not 

sufficiently pure and the molten metal from the furnace is cast into anodes for electro-

lytic refining, during which process, pure copper is deposited on the cathodes. 

Bacteriological Leaching 

Smelting of sulphide minerals releases sulphur dioxide.  Some mines make good use of 

the sulphur dioxide for production of sulphuric acid but others would not have a suitable 

market for this.  Rather than release sulphur dioxide into the atmosphere, some compa-

nies use bacteria to break down the sulphide mineral and produce copper ions in solution 

as copper sulphate.  

Former waste material may also be treated in this way.  Some waste tips have been 

treated by spraying sulphuric acid over them and relying on the bacteria naturally pre-

sent, to work on the copper minerals.  The resulting copper sulphate solution is run off 

into channels, then collected in containers.  The copper is then produced by adding scrap 

iron, which displaces the copper from the solution. 

Cu2+ (aq) + Fe (s) → Cu (s) + Fe2+ (aq) 

The copper so produced will still need to be refined. 
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McKelvey Diagram for Mineral Resources 
In

c
re

a
s
in

g
 d

e
g
re

e
 o

f 
e
c
o
n
o
m

ic
 f

e
a
s
ib

ili
ty

   IDENTIFIED RESOURCES UNDISCOVERED RESOURCES 

  Demonstrated Inferred Hypothetical Speculative 

 

E
c
o
n

o
m

ic
 

Resources 
Inferred re-

sources 

  

 

S
u
b

 e
c
o

n
o
m

ic
 

Demonstrated 
sub economic 

resources 

Inferred sub eco-
nomic resources 

  

   

   Increasing degree of geologic assurance 

 

The above diagram illustrates the difference between resources and reserves.  Re-

sources may be known, or suspected, to exist.  If their quantities and properties are 

identified and they can be exploited economically, they will become reserves.  However, 

if mining, processing and refining costs become too high, and the metal price too low, 

they will cease to be reserves. 

Lower ore grades provide less metal per tonne of ore and hence more ore must be mined 

and processed to produce a quantity of metal.  

In the United Kingdom, the Anglesey Mining Company, encouraged by the increasing price 

of copper, renewed exploration drilling at Parys Mountain.  Previous drilling had been 

carried out in the 1990’s, but was abandoned in 1997, due to falling copper (and other 

metal) prices.  The following average results were reported in July 2006 from two bore-

holes: 

Metal name Metal content in deposit 

Copper  1.01 – 1.53% 

Lead  0.07 -3.33% 

Zinc  0.16 – 6.66% 

Silver 4 – 17 ppm  (0.0004 – 0.0017%) 

Gold 0.15 – 0.34 ppm (0.000015% - 0.000034%) 

“ppm” indicates parts per million (1 ppm = 0.0001%) 
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Much smaller grades of precious metals 

can be economically mined and prices are 

quoted in US dollars per Troy ounce (1 

troy ounce = 31.1g). 

Approximate prices quoted in 2015 are 

shown in the table alongside: 

WORLD PRODUCTION OF COPPER 

The top 10 countries mining and producing refined copper in 2014 are shown in the Table 

below (USGS Minerals Information).  

The increased demand for copper, primarily by China’s expanding requirements since 

2000, has resulted in an increase in the price of copper and a corresponding increase in 

output.  Since the middle of 2004, when the price of copper was around US$ 2,700 per 

tonne, the price had increased to over US$ 5,000 per tonne in 2015. 

 

Country 
Copper produced 

thousand tonnes 

Chile 5,800 

China 1,620 

Peru 1,400 

United States 1,370 

Congo(Kinshasa 1,100 

Australia 1,000 

Russia 850 

Zambia 730 

Canada 680 

Poland 425 

Metal 
Price 

US$/troy ounce 

Price 

US$/tonne 

Gold 1,000 32,000,000 

Silver 9 300,000 


