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1 Introduction 

This report has been prepared in support of the Environmental Permit Application for the Hemerdon 

Tungsten Project and provides geological information in relation to the deposit at the Hemerdon 

site.  

In accordance with Appendix 4 of Environment Agency Guidance 6.14: 

This should provide information on the units to be exposed and which will be the source of the waste. 

Details required include: 

• nature of surrounding rocks, their chemistry and mineralogy, including hydrothermal 

alteration of mineralised rocks and barren rocks; 

• nature of deposit, including mineralised rocks or rock-bearing mineralisation; 

• mineralisation typology, their chemistry and mineralogy, including physical properties such 

as density, porosity, particle size distribution, water content, covering worked minerals, gangue 

minerals, hydrothermal newly-formed minerals; 

• size and geometry of deposit; and 

• weathering and supergene alteration from the chemical and mineralogical point of view. 

2 Nature of Surrounding Rocks 

The area around the Hemerdon Granite site is underlain by slate of Upper Devonian age, with some 

outcrops of basic igneous rocks described as diabase.  Figure 1 shows the geology around the site 

based on the Geological Survey mapping with later input by AMAX and Wolf 

 

Figure 1:  Localised geology of Hemerdon. 
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Upper Devonian Slates of the Tavy Formation 

These strata are mostly grey mudrocks, with a well-developed cleavage fabric: silty bands and 

laminations are common and may be locally abundant.  To the north of Hemerdon Mine, at surface 

the slates are dark grey in colour and are hard and blocky, with silicification due to thermal 

metamorphism, and with local thermal spotting.  Around, and to the south of the mine, at surface, 

the slates are paler grey and micaceous, in places showing the effects of argillic alteration.  Where 

seen in the AMAX borehole cores the slates are mostly brownish-grey on weathered surfaces, and 

medium to dark grey on freshly broken faces.  Brown and reddish brown iron oxide staining is 

common and argillic alteration is present in places.  

At the eastern margin of the Hemerdon pit, debris of dark grey to black tourmalinised slate hornfels 

can be seen, together with strongly reddened slate.  This iron oxide alteration appears to be a 

common feature in the zone immediately beyond the hornfelsed granite margin, and was evident in 

the cuttings from the recently drilled water observation boreholes. 

Basic Igneous Rocks 

The igneous rocks shown on the 1894 Ussher Survey are fine-grained or aphanitic basalt, rich in 

labradorite feldspar.  These rocks are quite well-exposed in the Bottle Hill Mine area to the north-

west of the Hemerdon Mine. 

These basic igneous rocks are contemporaneous with the enclosing slates, and are of Late Devonian 

age, with a well-defined Variscan tectonic imprint.  As seen in the Bottle Hill Quarry, the basalt is 

hard and fine-grained, with a distinct shear fabric.  Although the contact with the overlying slates is 

not well-exposed, it appears to be along a low-angle fault.   

British Geological Survey diamond drilling near Slade Hall, 1.5 miles from Hemerdon Mine, 

intersected beds of greenstone (basalt), tuff, and volcanic breccia.  Rocks of this type are common in 

the lowest part of the Upper Devonian, extending down into the higher parts of the Middle 

Devonian.  The thickness of the volcanic rocks encountered in the Slade Hall drilling is difficult to 

assess, as the borehole was drilled parallel to the bedding.  In the Ivybridge area to the east, 

substantial thicknesses of basic volcanic rocks (> 150 m) are associated with Sedex-type 

mineralisation. 

Weathering 

The granite of the upper part of the Hemerdon Deposit is altered to a more-or-less friable condition, 

apart from the quartz veins.  This alteration is characterised by argillisation of the feldspar with 

considerable iron oxide staining.  This zone has been demonstrated by boreholes to extend to 

depths of up to 20 m or more, and is present in the slate country rock.  Weathering alters the slate, 

in the first instance to a weak, friable mudrock, and in the extreme case to brown or yellow-brown 

clay.  Cuttings from recently drilled water observation boreholes in the slates confirm considerable 

weathering and iron oxide staining down to about 20 – 25 m depth. 

The aspect of the Soft Granite and slate suggest that the Hemerdon area demonstrates a deep 

Tertiary (Cenozoic) weathering profile similar to that seen over parts of Dartmoor and in the more 
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elevated parts of south Devon.  Typically, such a profile would be of variable depth according to the 

state of fracturing or jointing of the local rock. 

There is no evidence of any significant supergene alteration having occurred during the formation of 

the Hemerdon deposit. 

3 Nature of Deposit 

The geology, geochemistry and geotechnical aspects of the deposit have been determined by 

extensive drilling.  AMAX completed 25,480 m of percussion and diamond drilling in five phases from 

1976 to 1980.  Wolf conducted a further 1,064 m of diamond drilling to confirm the results of the 

AMAX work and to provide fresh samples for testwork.  The location of the AMAX holes used for 

mineralisation analysis are shown in Figure2. 

The comprehensive feasibility study completed by AMAX in 1982 included developing a 260 m 

decline through the ore body to obtain bulk samples to determine metallurgical recoveries and 

continuity of the ore body.  AMAX constructed a pilot plant and undertook large-scale test-work, 

processing 6,670 tonnes of mineralised granite to establish metallurgical recoveries and preferred 

process route.  This provided considerable information about the nature of the mineralisation. 

The Hemerdon granite outcrops as hard, medium-grained, porphyritic and altered granite becoming 

increasingly kaolinised and greisenised as it plunges beneath a shallow Killas cover towards the 

Crownhill Granite in the north-north-east.  Contacts with the surrounding Killas material are steeply 

dipping on the north-west and south-east contacts with minor local variations as shown in Figure3.  

The granite at the surface is intensely kaolinised to soft, fissile, white, brown and red clays.  More 

competent kaolinised granite is found in areas of stronger greisen alteration.  The granite becomes 

increasingly competent with depth.   
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Figure2:  Location of sample drill holes 
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Figure3:  East-west section through the Hemerdon deposit, showing final pit outline. 

Structural Setting 

Mineralisation is hosted within the granite neck plunging to the north with a surface area of 600 m x 

140 m and is characterized by a stockwork of numerous quartz veins with ore minerals of wolframite 

and cassiterite.  Veins occur in two dominant structurally orientated vein sets, with further 

subdivision of Group 1 veins based on mineral content and alteration as recorded by Cameron 

(1951), and confirmed by logging of drill core by Wolf in 2008.   

The earliest and dominant mineralised veins occur at 045odip/070o strike and correspond to the 

main fractures observed in the surrounding Killas, with bedding in the sediments having the same 

orientation but dipping in the opposite direction as recorded by Cameron (1951).  The core from 

diamond drilling in 2008 by Wolf indicates vein widths varying between 2 mm to 40 mm, with some 

much larger veins present in the system.  The majority of these veins were composed of quartz + 

wolframite ± cassiterite ± rare arsenopyrite.  Wolframite occurs as weathered, scorous, nuggetty 

disseminations at the surface, becoming coarse-grained angular, bladed aggregates at depth.  

Greisenisation of fine-grained quartz and muscovite, is only associated with veins of Group 1.    

Mineralisation within Group 2 veins was found to be confined within the granite host orebody with a 

structural orientation of 65o/035o, parallel to the steep Killas walls.  Veins are composed of quartz, 

wolframite and small amounts of tourmaline with no traces of cassiterite.  They generally have lower 

wolframite abundance than found within group 1 veins.  No greisen alteration halos are associated 

with veins that are found to crosscut the earlier generation Group 1 (Figure4 and Figure5).  

The main vein sets persist with depth in the same sheeted vein system and still contain 

mineralisation with feldspar becoming more noticeable with depth. 
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Figure 4:  Diagrammatic cross-section of Hemerdon orebody displaying orientation of mineralised 

veins. 

 

Figure 5:  Veining exposed in Soft Granite bulk sample excavation (2011) 
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4 Drill Hole Data 

The analysis of the ore deposit is based on: 

 The surface expression of the deposit 

 The results of the historical mining activity 

 The results of the pilot test work in 1980’s which involved processing the surface oxidised 

ores and the fresh ores from the decline 

 The testwork undertaken on drill cores. 

The drill cores cover all of the mineralised zone along its length, breadth and depth.  Figure6 shows 

the location of the test holes used for mineralogical analysis in relation to the final pit design.  The 

holes are a combination of AMAX drilled holes (prefixed DDH) and Wolf drilled holes (prefixed WDD). 

 

Figure 6:  Location of the samples from diamond drill holes 

Whilst Figure6 shows the specific holes used for mineralogical analysis and categorisation, Figure8 

shows all of the holes that were drilled to quantify the scale, and grade of the deposit.  These holes, 

which constitute the 25,480 m of percussion and diamond drilling conducted by AMAX and the 

further 1,064 m of diamond drilling conducted by Wolf, are the basis of the knowledge about the 

mineral deposit.  And although not every metre of every hole has been assayed for every element, 

qualitative analysis is conducted by geologists to determine the overall nature of the mineralisation; 

an example is shown in Figure 7:  An example of logged drill core.  This process has shown that the 

mineralisation is generally consistent and that the holes that have been selected for mineralogical 

analysis are representative of the overall mineralised zone. 
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Figure 7:  An example of logged drill core 



Hemerdon Tungsten Project ,  
Geology of Hemerdon Deposit   February 2013 
 

12 
 

 

Figure 8:  A cross section through the mineralisation showing all exploration drilling 
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5 Mineralogy - Ore Minerals 

Wolframite 

Wolframite (Fe,Mn)WO4 is the main economic mineral in the Hemerdon granite.  It is found within 

the veins for the most part, with rare occurrences within the greisen and very rarely within the 

granite itself.  The mineral occurs in clusters of crystals dispersed irregularly throughout the veins 

and as single crystals.  Crystal size varies from a few millimetres to about ten centimetres, with an 

average size around 1-2cm. 

Only very rarely has scheelite (CaWO4) been noted and then in direct contact with the wolframite.   

Cassiterite 

Cassiterite (SnO2) is the only tin mineral at Hemerdon and although not present in economic 

quantities when considered on its own, generally constitutes about 5% of the concentrate.  There is 

a notable absence of stannite (Cu2FeSnS4) at Hemerdon in comparison with the Cligga granite in 

Cornwall. 

6 Mineralogy - Gangue Components 

Granite 

The granite is medium grained porphyritic containing quartz alkali feldspar - probably orthoclase, a 

plagioclase feldspar and muscovite .  Little biotite has been found although chloristised biotite has 

been noted.  Fine needles of tourmaline disseminated throughout the granite and limonite or 

haematite staining of the feldspars can be common.   

Kaolinisation of the feldspars is a common feature of the granite and can cause the granite to 

become very soft and incompetent.  The alkali feldspars appear to be mainly sericitised, but the 

alkali feldspar phenocrysts show varying stages of kaolinisation - intensified close to surface.  

Greisen 

Greisenisation is the process whereby the granite is modified, with feldspar being replaced by mica 

and topaz and occasionally tourmaline.  However, the greisen vein borders found in the Hemerdon 

granite are comprised of fine grained quartz and muscovite (slightly lithium rich - XRD analysis) with 

topaz absent (cf Cligga, Cornwall). 

Mineralisation occurs within these greisen borders, but generally on a fine scale.  Small wolframite 

and arsenopyrite crystals have been noted, but this tends to be exceptional.  Cassiterite, however, 

may be quite common as tiny crystals.   

Iron Oxides 

Iron oxides play a significant part in the metallurgical processing of this orebody, affecting the 

amount of gangue in the concentrate and the alteration of the wolframite. 
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Limonite, present as the main Fe-oxide in the central part of the orebody, occurs as fracture infillings 

and as pervasive staining of the granite and greisen.  It thus forms the bulk of the gangue in 

fragments and staining other minerals (especially feldspar and muscovite).   

Haematite is found in a variety of forms and is more common at the northern end of the body.  The 

most abundant type found within the testwork products is the earthy red haematite clay, generally 

found in late stage fractures within the granite.  Due to variable haematite/clay content, this 

material is found over a wide range in specific gravities, but the most significant proportion is found 

in the 4.0 sink products, making up a large proportion of the gangue.  The material is so inherently 

fine that grinding reduces this to the slimes fraction. Haematite is also present in a massive, brown, 

botryoidal form and also as specularite. 

Tourmaline 

Tourmaline is disseminated throughout the granite; it also occurs in quartz/tourmaline masses that 

may represent original killas inclusions.  There is also a concentration of masses of fine tourmaline 

needles in vugs, often apparently similar in habit to wolframite crystals, suggesting that these 

crystals fill the cavities from which wolframite has been removed. Aggregates of tourmaline needles 

often have a fine red haematite clay matrix and without close examination, the similarities to 

wolframite are remarkable.  A variety of tourmaline, as fine grained tourmaline and quartz, locally 

known as Peach is also noted.  The tourmaline occurs both as large brown and fine blue crystals. 

Fluorite 

The occurrence of fluorite appears to increase with depth and is more noticeable within the veins 

within the red porphyritic granite.  It appears commonly associated with pyrite, chalcopyrite and 

molybdenite.  Although generally colourless, purple and green varieties also occur.   

Sulphides and Arsenates 

The sulphide minerals found in the veins and fractures within the Hemerdon granite are 

arsenopyrite (FeAsS), pyrite (FeS2) and chalcopyrite (CuFeS2), with occasional traces of bornite 

(Cu5FeS4), covellite (CuS), chalcocite (CuS2), molybdenite (MoS2) and bismuthinite (Bi2S3).  The most 

abundant sulphide present is arsenopyrite and in some areas, especially the southern part of the 

body, the concentrations of arsenopyrite are equivalent to wolframite concentrations.  As 

arsenopyrite is a significant component of the concentrate (ρ = 6.0g/cm3) and arsenic is a penalty 

element in a wolframite concentrate, a more detailed distribution of the arsenic content was 

compiled.  The assay rejects from the drill core, (composited in approximately 30 m lengths and 

assayed for arsenic and sulphur, for most of the granitic diamond drill holes) show that overall 

arsenic and sulphur contents are higher at the southern end of the body and increase with depth. 

The arsenic present in the ore is not always in the form of arsenopyrite.  In areas of intense 

kaolinisation, arsenopyrite alteration is also intense and replacement by the secondary iron 

arsenates, scorodite (Fe(As04)2H20) and pharmacosiderite (Fe3(As04)2(OH)35(H20) (which due to their 

lower specific gravity are not found in the concentrates) is common.  In intermediate stages of 

alteration, arsenopyrite can be found with a coating of scorodite. 



Hemerdon Tungsten Project ,  
Geology of Hemerdon Deposit   February 2013 
 

15 
 

Small quantities of chalcopyrite and pyrite can be found in association with the arsenopyrite.  This is 

most notable in hole DDH-H33 which is to the south and below the pit boundary and therefore is not 

planned to be mined. 

Accessory Minerals 

 Magnetite: fairly ubiquitous, generally hematised, platy. 

 Torbernite: secondary uranium mineral bright green found on fracture planes 

 Malachite: secondary copper mineral- especially noted in MTI2U 

 Apatite:  in trace quantities only - from granite 

 Zircon: in trace quantities only - from granite. 

7 Comparison of Preconcentrates for Each Granite Type 

 

 

 

 

 

Table summarises the mineralogical content estimations and assay values for each metallurgical pre-

concentrate product.  The pre-concentrate is the result of gravity concentration prior to further 

processing.  Low cassiterite and high arsenopyrite contents are emphasised.  A comparison of the 

ore and gangue minerals of the pre-concentrate for all three granite types is also given, and thus the 

following points can be concluded. 

 The Wolframite content in the pre-concentrate increases with depth and the wolframite 

itself is generally less altered.  

 Cassiterite concentrations vary slightly with depth, but more importantly the concentration 

of fine grained cassiterite remains high thus at lower head grades overall tin recovery will be 

poorer.  

 Arsenopyrite becomes important as a gangue mineral in the pre-concentrate constituting up 

to 25% of the product.  Other sulphides have also been noted as occurring more frequently 

with increasing depth.  

 Iron Oxides in the hematite form are less notable with increasing depth.  Specularite 

becomes less common below the kaolinised layer and although earthy red hematite clay 

gouge is still infilling fractures, especially in the north, the total iron content within the 

granite decrease with depth.  Pervasive hematisation and the occurrence of massive 

hematite become less common with depth.  

 Kaolinisation is the main feature differentiating the three granite types as defined by the 

metallurgists.  The kaolinisation of the granite in the deepest parts of the body is at a 

minimum except in the areas suspected to have had prolonged hydrothermal activity, where 

no unaltered granite can be found. 
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Table 1:  Main ore and gangue minerals in preconcentrate 

Mineral  Granites 

Kaolinised Upper hard Lower hard 

Wolframite Head Grade 

Estimated mineral 

content 

Alteration Fresh : Spongy 

: Hematised 

0.12% w 

45% 

30 : 30 : 40 

0.15%W 

30 – 40% 

F > S > H 

0.14%W 

50% 

50 : 20 : 30 

Cassiterite Head Grade 

Estimated mineral 

content 

0.028% 

~ 15% 

0.019% Sn - 0.025% 

Sn 

<5% 

0.014% Sn 

2% 

Arsenopyrite Estimated mineral 

content 

NIL 25 – 30% 20 – 25% 

Hematite Estimated mineral 

content 

50% 10 – 15% C 15% 

 

8 Size and Geometry of Deposit 

The mineralised zone of the Hemerdon Granite is essentially a north-north-east trending dyke, 

dipping steeply to the east, which hosts a stockwork of mineralised quartz veins.  The stockwork has 

a strike length of at least 600 m from NNE to SSW and is about 140 m wide.  The mineralisation has 

been demonstrated by drilling to persist to 400 m below ground surface.  

 


