
 

Introduction 

All aspects of  our physical, biological, social and 

economic environment fundamentally depend upon the 

rocks beneath our feet and the processes, including 

climate, that have shaped them, over millions of  years 

of  earth history, and which continue to do so. Even 

weather is, to varying extents, determined by the 

configuration of  rocks into hills, mountains, valleys and 

oceans. Whereas these principles hold true across the 

globe, their relevance comes into especially sharp focus 

in places like Weardale where an appreciation of  local 

rocks provides the literal ‘bedrock’ for understanding 

every aspect of  the landscape’s character.  

49

Chapter 3

Brian Young

Bedrock geology 

Fluorite: White’s Level, 
Westgate © The Trustees of 
the Natural History Museum, 
London.



Geology is a key part of  natural history which 

deciphers earth history from rocks, minerals and fossils 

in much the same way that historians use artefacts and 

documents. This is history on a grand scale, explaining 

the development of  the earth and its materials from its 

formation around 4.6 billion years ago until the present 

day. Weardale’s rocks take us back approximately 

450 Ma (Million Years), a journey compressed here into 

26 pages in which we will see how such seemingly 

distant events have shaped the place we know today. 

As geology does not recognise administrative 

boundaries, and in order to explain the Dale’s rocks in 

their wider context, it will be necessary to mention 

some places and features outwith the Dale.  

Weardale’s geological legacies 

Geology, or earth science as it is better described today, 

emerged as a discrete scientific discipline in the latter 

years of  the eighteenth century, but has a much longer 

pedigree. Since our earliest ancestors first used stone 

tools, we have depended increasingly on the earth’s 

resources, the discovery and successful exploitation of 

which requires an understanding of  geology. A wide 

range of  raw materials has been dug from Weardale and 

adjoining dales from the earliest days of  human 

occupation. The working of  metal ore-bearing veins in 

particular requires a significant understanding of  their 

nature and it is clear from the earliest metal mining sites 

that those working them had the sophisticated 

understanding necessary to do so, centuries before 

anyone called themselves a geologist. Almost all UK 

mineral veins had been identified and worked to some 

extent well before the advent of  modern geology and 

50



51

plans of  the earliest metal mines reveal that those early 

miners had a remarkable understanding of  some 

complex geological concepts: were an Elizabethan miner 

and modern structural geologist to meet they would 

understand much of  each other’s thinking, though via a 

different vocabulary. Knowledge, understanding and 

practical experience of  rocks accrued by generations of  

practical miners and quarrymen in places like Weardale, 

formed much of  the basis of  the science of  geology.  

Many miners’ terms have passed into the geological 

vocabulary as the formal names still used on maps and 

in descriptions of  British Geology; others, including  

‘plate’ (shale), ‘post’ (limestone) and ‘hazle’ (sandstone, 

and pronounced ‘hezzle’) were abandoned, but still 

need to be understood when researching original plans 

and reports. 

Many local mining figures were important in the 

development of  geological thinking. Notable amongst 

these was Thomas Sopwith (1803-1879), appointed 

mine agent for W B Lead in 1845. Sopwith contributed 

much to understanding the Dale’s strata and mineral 

veins and through his collaboration with William Smith, 

the so-called ‘father of  English Geology’, played a 

leading role in establishing the government’s Mines 

Record Office. In those pre-digital days, and drawing on 

his early training in cabinet making, he made a number 

of  models from different coloured woods to help 

visualise the geological structures essential to successful 

mineral working. These beautiful objects are today 

highly prized by collectors interested in the history of  

science. Other local figures often cited as important 

geological pioneers include Westgarth Forster, though 

his reputation has recently been seriously discredited.  



More recently, Weardale’s most 

significant contribution to geological 

science was initiated by Kingsley 

Dunham’s post-graduate research at 

Durham University in the 1930s. In 

studying the Northern Pennine Orefield 

he speculated on the presence of  a 

granite buried deeply beneath Weardale 

that could explain the origins of  the 

mineral veins. With no obvious 

prospect of  testing this, the idea 

remained an interesting hypothesis 

until the 1960s when Dunham returned 

to Durham as Professor of  Geology. 

Following strong support for his earlier 

hypothesis from pioneering geophysical 

research by fellow Durham academic 

Martin Bott, funding was obtained to 

test the idea with a deep borehole at 

Rookhope. The proving here of  the 

Weardale Granite in 1961 led to huge 

advances in understanding the 

formation of  ore deposits of  this type 

not just in Weardale, but worldwide. 

The results of  the drilling remain the 

subject of  ongoing research, both into 

mineral deposits and possibilities for 

novel forms of  geothermal energy. Few 

research projects of  this sort capture 

local interest in the way the Rookhope 

Borehole did; the drilling and 
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Weardale Granite. A section of core from the 
Rookhope Borehole. The scale is a 1p coin © Brian 
Young

Rookhope Borehole. The drilling rig in 1961. Photo 
courtesy of the Dept. of Earth Sciences, University  of 
Durham.



personalities associated with it are still remembered by 

many in the Dale today.   

Such is the wider importance of  Weardale’s 

mineralisation that two sites, Old Moss Vein at 

Killhopehead and West Rigg Opencut, enjoy statutory 

protection as Sites of  Special Scientific Interest (SSSI). 

Between 1977 and 1978 Durham County Conservation 

Trust (the precursor to Durham Wildlife Trust) played a 

leading role in protecting the county’s geology by 

carrying out one of  the first comprehensive surveys of 

geological sites to be undertaken by any of  the UK’s 

County Trusts, culminating in 1978 in the publication of 

the document Significant geological exposures in the Tyne to 
Tees area. Durham County Council maintained this 

approach with the publication in 1994 of  The County 
Durham Geological Conservation Strategy and the 

subsequent Durham Geodiversity Audit of  2004. The latter, 

together with that for North Pennines AONB Geodiversity 
Audit and Action Plan 2004-09, were major studies 

undertaken for these bodies by the British Geological 

Survey. Although the sites identified in these studies, 

including several in Weardale, do not share the statutory 

status of  SSSIs they demonstrate the recognition of  their 

importance to the county’s natural heritage by these 

public bodies. 
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centre of the vein, left of the 
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Brief geological history  

Weardale’s bedrock strata visible at the surface all date 

from the Carboniferous (approximately 360-295 Ma) 

and early Permian (approximately 295-290 Ma) periods 

of  earth history, though rocks of  Ordovician age (about 

450 Ma) buried beneath these give clues to the Dale’s 

earliest history.  

During Ordovician times the earth’s tectonic plates 

beneath what would become Britain lay far south of  the 

equator on either side of  a deep ocean, known to 

geologists as Iapetus. Plate tectonic processes gradually 

moved these plates ever closer until by around 420 Ma, 

during the Silurian period, they collided, destroying 

Iapetus. The enormous forces of  the collision crumpled 

the ocean floor sediments into a thick succession of  

slates and sandstones and added an enormously thick 

pile of  volcanic rocks, eventually creating a huge 

mountain chain over what is now northern England, 

Scotland and parts of  Scandinavia. In Devonian times 

(about 399 Ma) a huge mass of  molten rock, or magma, 

injected deep beneath these mountains cooled to form 

the body we know today as the Weardale Granite.  

Continuing earth movements brought all of  these 

rocks to lie almost astride the equator by around 360 Ma 

at the beginning of  the Carboniferous period. Rapid 

erosion had by then reduced the mountains to their roots 

in the area that was to become the Northern Pennines, 

but substantial uplands remained in the area today 

occupied by the Scottish Highlands, the northern North 

Sea and parts of  Scandinavia. What is today Northern 

Britain now began to be submerged beneath a tropical 

sea that covered vast areas of  Western Europe and parts 
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of  North America. Because of  the comparatively low 

density of  the huge mass of  the Weardale Granite, the 

area of  the Northern Pennines, known to geologists as 

the Alston Block, initially remained as land but was 

eventually inundated by around 340 Ma. Within these 

clear warm waters, remains of  abundant marine life 

accumulated to create thick beds of  limestone. However, 

vast rivers draining the mountainous country to the N 

and NE transported enormous volumes of  sand and silt, 

periodically building extensive coastal swamps and 

deltas upon which lush tropical rain forests became 

established.  Continuing crustal instability and climate 

change over the succeeding 20-30 million years caused 

repeated fluctuations of  sea level with flooding by the 

sea alternating with the periodic growth of  river deltas 

and swamps. This produced the group of  rocks known 

as the Yoredale Group composed of  individual 

successions or ‘cyclothems’ of  limestones, shales, 

sandstones and locally coals, repeated many times.  

Limestones and some shales formed under marine 

condition; silts and sandstones were the products of  
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deltaic and swamp environments; coals are the remnants 

of  the dense forests 

With time, the marine intervals became fewer, with 

deltaic and swamp conditions predominating, 

culminating towards the latter part of Carboniferous time 

in the growth of extensive forests, the remnants of which 

we see today as the coal seams of the Coal Measures.  

By about 295 Ma, during late-Carboniferous/early-

Permian times, our area had migrated to about 25° N.  

Stretching of  the earth’s crust now caused molten rock 

to rise from the earth’s mantle. It did not reach the surface 

but spread horizontally between the beds of 

Carboniferous rocks where it cooled and crystallised to 

form the hard, dense black igneous rock dolerite of  the 

Great Whin Sill. Although the main part of  this huge 

intrusion, best seen in Teesdale and in the Hadrian’s Wall 

country, lies buried deep beneath Weardale, small off-

shoots above it are exposed in a few places in the Dale.  

Soon afterwards, a gentle eastwards tilting of  the 

region’s layers of  rocks towards the North Sea was 

accompanied by the creation of  a rectilinear network 

of  faults. Whereas these mostly dislocate the adjoining 

rocks by only a few metres one much larger belt of  

disruption crosses the Dale. The N-S orientated 

Burteeford Disturbance, named from the place where it 

crosses Weardale, is a major feature of  Northern 

Pennines geology in which steeply eastward-dipping 

Carboniferous rocks, are accompanied by a substantial  

downwards displacement of  rocks in that direction. 

Although its disturbed rocks are exposed in the river at 

Burtreeford, the structure is otherwise rarely exposed 

and its full role in the geological evolution of  the area 

is poorly understood. 
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Deep within the Dale’s rocks and warmed by heat 

from the Weardale Granite, mineral-rich waters began 

to circulate through this network of  faults where they 

cooled to form the mineral veins which were to be so 

important in shaping the dale’s landscape.  

No rocks remain in Weardale to record events over 

the roughly 290 Ma during which our area migrated to 

its present latitude: any rocks deposited during this time 

have long been destroyed by erosion which at some 

relatively recent geological period had initiated the 

original Wear valley. The story resumes as recently as 

around 2.5 Ma in the Quaternary period.  

Concealed rocks 

Weardale’s oldest known rocks, of  Ordovician age 

(about 450 Ma) and equivalent to those of  the central 

Lake District, lie deeply buried beneath the Dale. Grey 

slates correlated with the Skiddaw Slates were proved 

in 1921 at a depth of  almost 780 m in a borehole at 

Roddymoor, near Crook and in 1970 very similar rocks 

were reached at a depth of  about 470 m in a borehole 

at Allenheads. Exactly similar rocks crop out near 

Langdon Beck in Teesdale and at the foot of  the 

Pennine escarpment. Within the last few years deep 

boreholes at Nenthead reached volcanic rocks 

representative of  the Borrowdale Volcanic rocks.  

An enormous body of  granite, of  Devonian age 

(399 Ma), underlies much of  the Dale as proved in the 

Rookhope Borehole in 1961. As the geological 

reasoning that led to its discovery initially arose from 

studies of  the Dale’s mineral veins, these will be 

outlined below in the description of  these. Initially 

named the Weardale Granite, more recent studies have 
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shown this to be one of  a cluster of  five granitic bodies, 

or plutons, today collectively referred to as the North 

Pennine Batholith. The Rookhope Borehole cores show 

the granite to be a very pale grey rock composed mainly 

of  quartz and feldspar with glistening flakes of  black 

and white mica. Boreholes drilled near the former 

cement works in the early 2000s to test its geothermal 

energy potential also reached the granite at depths of  

about 270 m. Although no cores were taken, the granite 

drill cuttings are identical to the Rookhope cores. 

Carboniferous rocks 

The full succession of  rocks known in the Dale is shown 

in the simplified vertical section below with those rocks 

seen at outcrop on the geological map on the next page.  

The modern nomenclature used here may be unfamiliar 

to some readers used to older classifications. The 

following description will focus on those rocks exposed 

at the surface, though where appropriate references will 

be made to unexposed rocks seen in boreholes and 

mines.  
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Simplified geological map of Weardale and surrounding area. Note that at this scale only a small selection of 
mineral veins can be shown and that the width of these and the Hett Dyke are greatly exaggerated.
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Yoredale Group 
This is a succession of  individual rock sequences 

repeated many times that record the effects of  crustal 

instability and episodes of  

climate change over a 

period of  around 40 Ma. 

The individual sequences, 

or ‘cyclothems’ are known 

in the Pennines as 

‘Yoredale cyclothems’, 

from the old name for 

Wensleydale in Yorkshire 

where they were originally 

studied in detail.  A typical 

cyclothem comprises, in 

upward succession: 

limestone, shale, sandstone 

and locally coal. The 

conditions in which each rock type formed can be 

deciphered from its internal structure, textures and 

fossil content. Limestones, and some shales, typically 

contain fossils of  marine creatures, including shells, 

corals, crinoids, sponges and algae. Although generally 

abundant these are often inconspicuous except on 

weathered surfaces. Many sandstones contain few 

recognisable fossils though some exhibit striking 

fossilised plant roots, especially in so-called ‘seatearths’, 

or fossil soils, which usually lie immediately beneath 

thin coal seams which represent accumulations of  plant 

material. 

Unlike the generally pale grey Carboniferous 

limestones of  Derbyshire or Yorkshire, Weardale’s 

limestones are typically mid to dark grey, reflecting a 

higher input of  clay and bituminous materials into the 
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The sea flooded the deltas, 
depositing more limy ooze – 
and the cycle started again

Swampy forests grew on top 
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Mud washed in by rivers 
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A highly simplified section 
through a typical Yoredale 
cyclothem with 
interpretations of the 
conditions under which each 
rock type formed 
© Elizabeth Pickett



sea than in those areas further south. Like most of  the 

Dale’s rocks, early miners and quarrymen named them, 

from their thickness, places where they are most 

conspicuous, or other characteristics. Thus, as they 

typically maintain a more or less uniform thickness 

across the area, we have the ‘Five Yard’, ‘Three Yard’ 

and ‘Four Fathom’ limestones, all of  which may be 

clearly seen in Middlehope Burn in Slitt Wood. Others 

acquired names from a landscape feature or a location, 

hence the Scar and the Tynebottom, which forms the 

bed of  the Tyne near Alston and, as the Dale’s oldest 

limestone seen at the surface, is exposed in the river near 

Copthill. The oldest of  the Dale’s limestones cut in any 

of  the mines is the inexplicably named Jew, reached at 

the bottom of  Cambokeels Mine.   

At around 18 m the Great Limestone is the Dale’s 

thickest, most conspicuous and widely quarried 

limestone. It forms low cliffs by the roadside opposite 

Killhope Museum and was worked from numerous large 

quarries around Eastgate, Frosterley and Stanhope, 

including the former cement works. Originally burnt in 

countless old kilns to make quicklime, for use both as 

mortar and as a soil improver, its greatest use was as a 

flux in ironworks at Consett and Teesside and, from the 

1960s at Eastgate, where its high clay content made it 

an ideal raw material for cement making. Heights 

Quarry today extracts it for roadstone and aggregate.  

Over centuries, quarrymen became extremely 

familiar with the characteristics of  the Great’s 

individual beds or ‘posts’, giving them curious, often 

inexplicable, and sometimes even risqué, names, 

including ‘Toby Giles’, ‘Mucky Posts’, ‘Dun Kit’s 

Bastard’, Stiff  Dick’, ‘Twee Toms’, etc., though these 

are not always easy to identify today.  
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Two fossil-rich beds are especially notable. The first, 

a few metres above its base, and up around 1 m thick, is 

locally rich in colonial corals and large mats of  the 

sponge Chaetetes depressus, all superbly preserved as a 

Carboniferous tropical sea bed fossilised in situ. Known 

as the Chaetetes band, this can be traced over much of  

the Northern Pennines. Beautifully exposed in the long-

abandoned Chestergarth Quarry, at Rookhope, 

elsewhere it can be more difficult to locate where its 

fossil content is less conspicuous. The second, also 

typically around 1 m thick, occurs between 6 -7 m below 

the top of  the limestone and is also widespread across 

the surrounding dales, though it is best known in 

Weardale. This is the Frosterley Band, distinguished by 

its abundance of  solitary corals which, when polished, 

contrast strikingly with the dark grey limestone matrix. 

Most common is the coral Dibunophyllum bipartitum, 

though several other species and genera are also present. 

Although not a true marble, because it has not been 

recrystallised by great heat and pressure, Frosterley 

marble has long been worked as an ornamental stone. 

The fonts of Frosterley and Stanhope churches are made 

of  it as are several tombs and stone coffins in Stanhope 

churchyard, but it’s most prominent local use is in 

Durham Cathedral. Here it was used as early as the 

twelfth century, forming the ‘Lady Line’ in the floor of  

the Nave and as pillars in the Chapel of  the Nine Altars, 

as well as in later Victorian work. Much of  this stone is 

believed to have come from Harehope Quarry at 

Frosterley, now a private nature reserve, where the 

Frosterley Band is still beautifully exposed in the bed of  

Harehope Burn beneath the bridge immediately west of  

the quarry.  
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Frosterley Marble: a 
weathered surface showing 
abundant fossils of 
Dibunohyllum The scale is a 
1p coin © Brian Young

Frosterley Marble: a 
polished slab showing 
sections of Dibunophyllum 
with scattered shell and 
crinoid debris. The scale is in 
cms © Brian Young



Being comparatively resistant 

to erosion, limestones often form 

low waterfalls in streams such as 

Middlehope Burn, and scar-like 

features on hillsides which, 

especially in spring and early 

summer, support much richer 

greener grass than on the adjacent 

shales and sandstones. As 

limestone is soluble in rainwater, 

cave systems are common in 

limestone country.  Although Weardale has nothing to 

match the caves of  the Yorkshire dales, two caves 

within the Great Limestone are notable. The Fairy 

Holes Cave, the entrance to which lies in the 

abandoned cement works quarry, is scheduled as an 

SSSI as the finest and longest linear cave in the 

Northern Pennines. Shittlehope Cave near Stanhope is 

much smaller. Lines of  ‘sink’ or ‘swallow’ holes 

commonly mark the top of  limestone outcrops with fine 

examples conspicuous at the head of  the Swinhope 

valley and in Bollihope Burn. 

Shales and siltstones, known by the miners as ‘plate’ 

from the way in which they split into thin sheets, 

weather rapidly, creating gentler slopes between 

resistant beds of  limestone and sandstone and natural 

exposures, except in steep-sided stream banks, are rare. 

The Dale’s early miners usually referred to 

sandstones as ‘hazle’ and the layers in which they occur 

as ‘sills’. Like the limestones, these too acquired local 

names, hence the ‘Grindstone Sill’ (from its suitability 

for making grindstones), the ‘Firestone Sill’ (from its 

use in lining furnaces and fireplaces), the ‘Slate Sills’ 

(from its propensity to split into thin slabs suitable for 
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roofing) and a group of  sandstones immediately above 

the Great Limestone known as the Coal Sills (from the 

presence of  a few thin coals), and some locality-based 

names eg. the ‘Nattrass Gill Hazle’ (from Nattrass Gill, 

near Alston). The names of  others, eg. the ‘Pattinson 

Sill’, and the Tuft sandstone remain unexplained. Use 

of  the word ‘sill’ here may seem odd to geologists 

unfamiliar with the area as in geology today ‘sill’ means 

a horizontal intrusion of  igneous rock: any confusion 

will be explained below when describing the Whin Sill.   

Many of  the sandstones carry evidence of  their 

origins. Fossilised ripple marks are common, as are the 

trails and burrows of  worms and other creatures that 

lived in these ancient sands. The erosive nature of  the 

rivers that carried these sands is spectacularly revealed 

in ‘fossilised’ sandstone-filled river channels in the Coal 

Sills exposed in the faces of  Rogerley Quarry, near 

Frosterley. The Carboniferous river banks and delta tops 

were periodically clothed in dense tropical rainforest, 

as revealed by the common occurrence of  fossilised 

roots and a few, mostly thin, coal seams, though only 

the Coalcleugh Coal ever proved workable on a small 

scale near Killhope Cross. The most 

spectacular remnant of  these forests is the 

magnificent natural cast of  the trunk and root 

system of  Sigillaria, found in a quarry near 

Edmundbyers Cross in 1915 and erected in 

Stanhope churchyard in 1964. Sigillaria may 

have grown to around 30 m: its closest modern 

relatives are the tiny club-mosses found today 

on some UK mountains.  

In the landscape sandstones typically form steep and 

sometimes craggy bench-like features and flat tops to 

many of  the fells. Soils derived from sandstones and 
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shales are typically rather acidic, supporting an 

abundance of  heather contrasting with the lusher 

grasses on limestone. 

Sandstone is Weardale’s traditional building stone: 

limestone was mainly reserved for making lime. Most 

sandstones provided blocks suitable for houses, barns, 

miles of  drystone walls and for underground support in 

mines. Some easily-split sandstones, eg. the aptly named 

Slaty Hazle, yielded roofing slabs typical of  many of  the 

older buildings. This latter bed is well-exposed in 

Middlehope Burn, upstream from High Mill. A siliceous 

sandstone, known as ganister, used for refractory furnace 

linings, was extracted from large quarries at Harthope 

Pass on the Weardale-Teesdale road.  

A marked difference in the characteristics of  

individual cyclothems has led to the Yoredale Group 

being divided into two geological formations. Yoredale 

Group rocks up to and including the Great Limestone 

are today referred to as the Alston formation: those 

above the Great Limestone are named the Stainmore 

Formation. The difference reflects changing conditions 

during Carboniferous times. In the Alston Formation, 

numerous limestones record frequent marine episodes 

alternating with freshwater deltaic conditions and very 

few thin coals. Above the Great Limestone marine 

limestones are strikingly fewer with thicker sandstones, 

siltstones and shales, together with some coals, formed 

in deltaic or freshwater conditions, predominating.  

Coal Measures  
The sandstone-shale dominated succession of  the 

Stainmore Formation passes upwards almost 

imperceptibly into the Coal Measures, the group of  

rocks that derives its name from its numerous workable 
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coal seams. In NE England the base of  the Coal 

Measures is placed rather arbitrarily at a thin bed of  

shale containing marine shell fossils known as the 

Quarterburn Marine Band, named from its location near 

Hamsterley. This, and a small number of  similar beds 

of  marine fossils, represent the very few marine intervals 

during latest Carboniferous times: the overwhelming 

majority of  Coal Measures rocks originated in 

freshwater swamp conditions on a wide deltaic plain 

that extended over much of  the UK and the Low 

Countries. Coals, which may be up to 2.5 m thick, but 

usually much less, account for a comparatively small 

proportion of the Coal Measures:  shales and sandstones 

are the predominant rocks, though natural exposures are 

few. Like the lead mines, coal miners usually named 

seams from a place or some individual characteristic, 

though the origins are not always obvious. They also 

named some of  the sandstones, especially those that 

formed the roofs of  certain seams, though ‘post’ was the 

traditional coalfield name for this rock. Although the 

most valuable, coal was not the sole product of  the Coal 

Measures. Fossilised clay soils, known as seatearths, or 

sometimes ‘seggar’, which lay beneath many seams were 

worked alongside the coal to make refractory and other 

bricks. Local beds of  ironstone nodules contributed to 

the establishment of  iron-making at Tow law, and 

Consett, and several sandstones provided good quality 

building stone. 

Coal Measures rocks on the western edge of  the 

Durham Coalfield crop out in the lower parts of  the 

Dale, downstream from Wolsingham, but small outliers 

of  these rocks also cap some of  the highest hills north 

of  Stanhope and in Hamsterley Forest.  
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Whin Sill 
The enormous sheet of  the igneous rock dolerite, known 

as the Great Whin Sill, which underlies much of  NE 

England, does not crop out at the surface in Weardale, 

but has been reached in several mines and boreholes. 

However, two off-shoots above it do reach the surface in 

the Dale. The first is a small intrusion within the 

complex folded and faulted ground of  the Burtreeford 

Disturbance where it was worked for roadstone at the 

abandoned and flooded Copthill Quarry, near Cowshill. 

The so-called Little Whin Sill crops out in the river bed 

upstream from the ford at Stanhope and in the nearby 

disused Greenfoot Quarry.  It also forms waterfalls in 

Horsley Burn and at Turnwheel Linn on the Rookhope 

Burn. The main sill was reached in Burtree Pasture, Slitt, 

Cambokeels and Blackdene mines where at the latter 

locality it reaches its greatest thickness of  88 m. A 

vertical body, or dyke, of  Whin Sill dolerite up to a few 

metres wide, known as the Hett Dyke, was encountered 

in coal workings between Crook and Bishop Auckland, 

though it not exposed at the surface today.   

The Whin Sill derives its name from the miners’ word 

‘sill’ for any roughly horizontal layer of  rock, as we have 

seen in their naming of  sandstones. They simply 

assumed this to be a layer of  hard intractable black rock, 

known by them as ‘whin’, said to be 

derived from the noise made when 

breaking it, hence the Whin Sill. 

Recognition of  its intrusive igneous 

origin in the nineteenth century led to 

‘sill’ being adopted by geologists 

worldwide for all intrusive bodies of  this 

sort. 
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Greenfoot Quarry, Stanhope: 
The Little Whin Sill overlain 
by glacial till © Brian Young



Mineral veins 
Despite their crucial importance in shaping Weardale’s 

social and economic landscape, its mineral veins, which 

form part of  the Northern Pennine Orefield, are 

relatively inconspicuous in the landscape.  

Soon after the intrusion of  the Whin Sill and deep 

below the surface, the network of  faults in the 

Carboniferous rocks and the sill, provided channels for 

the circulation of  mineral-rich waters warmed by heat 

from the concealed North Pennine Batholith. At 

temperatures of  up to around 210°C, these flushed a 

variety of  chemical elements from the rocks through 

which they passed. Cooling as they flowed upwards 

through faults, their contained minerals crystallised to 

form mineral veins. Locally, these fluids ‘leaked’ into 

adjoining limestones, replacing them with minerals to 

form horizontal ‘flat’ deposits.   

A distinctive feature of  this orefield is the zonal 

distribution fluorite and barium minerals. An inner 

zone, centred on Weardale, parts of  Teesdale and Alston 

Moor, in which fluorite is extremely abundant, is 

surrounded by an outer zone distinguished by the 

abundance of  barium minerals and absence of  fluorite. 

It was this pattern that, in his post graduate studies at 

Durham University, Kingsley Dunham suggested might 

be the key to understanding the formation of  the veins. 

In simple terms, as fluorite crystallises from solution at 

much higher temperatures than baryte or witherite, he 

reasoned that this distribution might indicate that rising 

hot mineralising fluids which deposited fluorite in the 

central zone, flowed outwards, cooling as they went and 

depositing barium minerals in the outer zones. 

Comparing these veins with those in Cornwall 

69



associated with granite bodies, he speculated that a 

granite beneath Weardale might have supplied the 

required heat. Later measurements of  tiny variations in 

gravity across the Northern Pennines by Martin Bott 

showed a markedly anomalous gravity ‘low’, a likely 

indication of a low density rock such as granite at depth, 

coinciding closely with the centre of  the fluorite zone. 

Based on this strong evidence the Rookhope Borehole 

was drilled, proving the granite at a depth of  390 m in 

1961. Although the granite proved to pre-date the 

Carboniferous rocks, it is believed that convective 

circulation of  the mineralising fluids was driven by its 

unusually high heat flow, a feature that has aroused 

interest in its potential as a source of  geothermal energy.  

The veins, which range in width from a few 

millimetres to over several metres in places, typically 

consist of  a variety of  gangue minerals, known by the 

miners as ‘spar’, the most common of  which are quartz 

(SiO2), ankerite (Ca (Mg, Fe2+, Mn) (CO3)2), baryte 

(BaSO4), witherite (BaCO3), and especially in Weardale, 

fluorite (CaF2), known by the miners as ‘fluorspar’, or 

simply ‘spar’. Intermixed with these are metal ores 

including galena (PbS), the main lead ore, commonly 

accompanied by sphalerite (ZnS), the main zinc ore, 

siderite (FeCO3), an important iron ore, and locally 

small amounts of  the copper ore chalcopyrite (CuFeS2). 

Many other minerals, including some formed by near-

surface weathering of these original deposits, are known 

from the Dale and new finds continue to be reported.  

Superb crystallised specimens of  these minerals have 

long been collected from cavities, or ‘vugs’, within the 

veins and flats. Weardale’s mines are renowned as the 

source of  some of  the world’s finest known crystals of  

fluorite, in shades of  purple, green and occasionally 
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The names 
fluorite and 
fluorspar are 

often confused.  
Fluorite is today 

the correct name 
of the mineral: 
fluorspar is now 

applied to the 
commercial 

product which is 
not necessarily 

pure fluorite. The 
same applies to 

baryte and 
barytes. These 

are the senses in 
which these 
names are 

employed here. 

Galena. Well-formed crystals 
collected in 1927 from 
Boltsburn Mine, Rookhope. 
The specimen is 10 cm 
across © The Trustees of the 
Natural History Museum, 
London.



yellow, sometimes with the colours inter-banded in the 

same crystal. Collecting these ‘bonny bits’ was a popular 

side-line for miners who exhibited them competitively 

in local shows, built them into spar boxes and profited 

by trading them with dealers from whom many passed 

into most of  the world’s major museums. So fine were 

some of  the fluorite crystals from Boltsburn Mine that 

they were sold for making specialised optical lenses. 

Commercial mining for fine specimens of  fluorite 

continues today at a small mine near Frosterley.  

Weardale was a significant world lead producer from 

the twelfth to twentieth centuries. Countless veins with 

ore contents of  around ten per cent were mined but 

some of the largest and richest deposits were flats, which 

typically contained a higher proportion of  galena than 

the adjoining veins. Most celebrated of  these were those 

of  Boltsburn Mine which extended up to 60 m on either 

side of  the vein and which were to sustain production 

until its closure 1932 as the Dale’s last lead mine. In 

common with most galena, which theoretically contains 

around 85 per cent lead, the Dale’s galena contains 

traces of  silver which were removed to improve the 

quality of  the smelted lead. Although some historians 

persist in claiming that Weardale’s lead ores are silver-

rich, in comparison with most lead ores they are actually 

silver-poor. Suggestions that Weardale was a major 

source of  Medieval silver are unsustainable and can be 

discounted. Although a common associate of  galena, 

sphalerite is less abundant in Weardale than in 

surrounding dales, though some was produced at 

Killhope and at Cambokeels Mine in its final years.  

Often overlooked is the Dale’s record of  iron ore 

mining which also dates back to at least the twelfth 

century and continued intermittently until the twentieth 
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century. Some veins 

yielded iron ore but 

most important were 

large flats in which 

the main minerals 

were siderite and, 

near the surface its 

brown oxidised 

weathering product 

‘limonite’.  

Processing of lead 

ores produced huge 

amounts of  waste fluorite, the major gangue in most of 

the Dale’s veins. Coinciding closely with the demise in 

lead mining at the close of  the nineteenth century, was a 

sudden rise in demand for fluorspar as a flux in iron 

smelting and as a source of  fluorine in the chemical 

industry. Although never on the scale of lead production, 

this was to sustain the Dale’s mining tradition until the 

1990s when, as an echo of the earlier loss of lead mining, 

collapsing world prices ended mining here for fluorspar. 

Within the outer zones of  the orefield small amounts of 

barytes have been extracted near Wolsingham.  

The Dale’s finest surface exposure of a mineral vein is 

at West Rigg Opencut alongside the Westgate – 

Rookhope Road. Slitt Vein here forms a prominent rib of 

barren quartz in the centre of the quarry, with old stopes 

to extract galena seen as narrow gashes within it. The 

main body of the quarry marks the extent of extraction 

of the ironstone flats associated with the vein. Quartz-rich 

exposures of  Slitt Vein may also be seen near White 

Kirkley. Remnants of Sedling Vein remain in the sides of 

the huge opencast on the hillside east of Cowshill and Old 

Moss Vein is exposed in the banks of  Killhope Burn 
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Boltsburn Mine, Rookhope. 
An early-twentieth century 
view of Weardale’s last 
working lead mine. Although 
most of the structures have 
long been removed, 
Rookhope School can be 
recognised in the distance 
behind the shaft headframe 
©Friends of Killhope



upstream from Killhope Museum where it carries galena, 

fluorite and abundant siderite. Other abandoned 

ironstone flat workings are seen at the head of  the 

Rookhope Valley, at the Queensberry Ironstone workings 

at Cowshill, Groveheads Opencut near Ireshopeburn and 

at Noah’s Ark Quarry in Stanhope Burn. 

Future mineral prospects? 
Most metal mines close when they become unprofitable: 

exhaustion is seldom the cause. So could mining return?. 

There are no realistic prospects for iron ores and it is 

difficult to imagine lead alone having any appeal, though 

some promising indications of  significant zinc and 

associated lead mineralisation from recent exploration 

beneath the Durham-Cumbria-Northumbria boundaries 

are not far away, but remain speculative.   

Fluorspar is a different story. The 1990s slump in 

world fluorspar prices destroyed the local industry 

prematurely. Prices have since recovered and an 

expanding world demand for this vital mineral seems 

inevitable. Weardale ‘spar’ is of  high quality and, as 

extensions of  known orebodies are likely, and with 

excellent prospects for locating new ones on several of  

the Dale’s veins, a renaissance of  the Dale’s mining 

tradition may be possible. However, although the remains 

of  many derelict mining features are strenuously 

protected in the Dale, any resumption of  this traditional 

industry, with associated employment, economic or 

other benefits, may face significant challenge.  
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Groverake Mine, Rookhope, 
Weardale’s last working 
fluorspar mine, in 1992. 
Frazer’s Hush Mine, which 
was connected underground 
with Groverake, can be seen 
in the distance. All buildings 
except the tall headframe 
have since been demolished 
© Brian Young



Postscript 

Many interesting geological features are easily visible 

in Weardale. However, the naming of  locations in this 

chapter does not imply any right of  access: many lie on 

private land and permission to visit should be sought.   
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