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1. Introduction 
In 2019, Hulam Consulting was commissioned by the Metropolitan Borough of Gateshead to 
produce a Geodiversity Audit of the Borough as part of the evidence base to support the Making 
Spaces for Growing Places Local Plan Document (Metropolitan Borough of Gateshead, 2018). 

The geodiversity of the Metropolitan Borough of Gateshead (the Borough) has had a huge impact 
not just on the Borough but also wider afield. The mineral wealth of the North East of England, 
in particular coal and metal ores, has driven the industrial development of the region and has 
contributed much to the prosperity of Great Britain as a whole. 

By far the most significant natural resource was coal. The Northumberland and Durham Coalfield 
was one of Britain’s earliest worked coalfields. Coal mining in the region reached its heyday at the 
end of the 19th and beginning of the 20th centuries. The depletion of reserves combined with other 
economic and social factors has seen the industry decline in importance to the point that all deep 
mining has finished in the region, and coal production is now restricted to a handful of opencast 
sites. This decline has also had huge knock-on effects for the local workforce as well as the fortunes 
of the Borough. 

Within the Borough, the production of iron, quarrying and the extraction of sand and gravel has 
also diminished/ceased. Much of the traces of the industrial and mining landscapes have been 
reclaimed and re-landscaped, whilst the leisure and tourist industries have shown significant 
growth, often utilising the surviving industrial heritage of the area, for example the Derwent Walk 
Country Park.  

 

1.1 What is a Geodiversity Audit? 
Geodiversity has been defined as “the link between people, landscape and their culture: it is the 
variety of geological environments, phenomena and processes that make those landscapes, rocks, 
minerals, fossils and soils which provide the framework for life on earth” (Stanley, 2001) 

Geodiversity underpins much of what gives an area its unique character, from the building stone 
or clay that makes the bricks that contribute to the local architecture, to the natural resources 
which have provided employment and influenced the cultural heritage of the local community, to 
the biodiversity of the green spaces and rural areas. 

The aim of this report is to provide an introduction to the geological make-up of the Metropolitan 
Borough of Gateshead, provide a brief description of the key geological assets and outline the 
influence geology has had on land-use within the Borough. It concludes with recommendations 
for further investigation/survey to identify and potentially designate (e.g. local geological site) 
geological assets considered to be of sub-regional (County), regional and/or national importance.  

 

1.2 A brief introduction to geological time 
The Earth formed around 4,500 million years ago, but most of the rocks found in Britain were 
formed in the last 600 million years. This is also the part of the geological record where fossils 
enable geologists to categorise the rock record into periods of geological time, from the Cambrian 
period through to the Quaternary period (Figure 1). All the rocks underlying the Borough are of 
the Westphalian Stage of the Carboniferous period, also known as the Carboniferous Coal 
Measures and date from around 304-318 million years ago. Smeared over this bedrock is a layer of 
drift deposits of clay and sand and gravels, of varying thicknesses, deposited during the ice ages of 
the Quaternary period.  
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Figure 1 Geological periods (left) and main rock units from Northern England (right) 
(Stone et al., 2010, p. 4, Table 1) 

 

1.3 Brief overview of the area 
The Borough is dominated by the conurbation of Gateshead with significant urban development 
along the Tyne and Team valleys (Figure 2). Many of the older developments close to the Tyne, 
such as Ryton and Crawcrook, Winlaton, Whickham and Gateshead tended to be built upon the 
sandstone ridges with newer development filling in the topographically lower areas. Elsewhere, 
development is more discrete, often focussed around a colliery, for example Clara Vale or Marley 
Hill, or brickworks, for example Kibblesworth. 

The Borough forms part of the catchment of the River Tyne, indeed the river forms the northern 
boundary to the Borough. Throughout most of its length the river is characterised by broad alluvial 
and terrace flats however below Dunston, the valley becomes narrower. Stanley Burn forms part 
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of the Western boundary to the Borough, entering the Tyne just opposite Wylam. A small stream, 
Barlow Burn, rises above Coalburns and flows northwest to enter the Tyne between Ryton and 
Winlaton. A major tributary of the Tyne, the River Derwent also flows north-westwards through 
the Borough and enters the Tyne at Blaydon. Finally, the River Team flows through the broad but 
pronounced Team Valley, which runs north past Birtley to join the Tyne, between Dunston and 
Gateshead.  

The hills are generally flat topped, capped by a relatively thick layer of sandstone. The west of the 
Borough is dominated by a series of ridges running broadly NE/SW, following a line of thick 
sandstones, and separated from each other by watercourses of varying magnitudes. 

The rocks underlying the Borough are a series of repeating cycles of mudstone, siltstone and 
sandstone, sometimes including coals and iron rich bands within the mudstones, which all belong 
to the Lower and Middle Coal Measures (Figure 3). The mudstones are relatively soft rocks and 
easily eroded and the sandstones are relatively harder and more resistant to erosion. The rocks in 
the Borough dip gently towards the SE so that the oldest rocks can be found towards the west of 
the Borough and in the base of valleys and the youngest towards the east and to the tops of hills. 
The drift deposits cover a significant part of the Borough, thickest in the valleys and thinning 
towards the tops of the hills, so that some hilltops are drift-free. 
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Figure 2. Topographic map of the Metropolitan Borough of Gateshead. 
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Figure 3. Summary bedrock geology map.  
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2. Basement geology 
The Borough is dissected by a major flaw in the Earth’s crust, the surface expression of which 
today is the Ninety Fathom Fault which strikes east-north-east. To understand the story behind 
this fault, we need to go back a long way in time and to a very different part of the Earth’s surface. 

Back in the Early Ordovician, approximately 480 million years ago, the area of the Earth’s crust 
containing current day ‘England’ was approximately 500 South of the Equator and the area of the 
Earth’s crust containing current day ‘Scotland’ was between the Tropic of Capricorn and the 
Equator (Figure 4a). ‘England’ and ‘Scotland’ were both sited on two enormous land masses which 
were separated by the Iapetus Ocean. Progressively during the Ordovician and Silurian periods, 
the two land masses migrated towards each other, closing the ocean and subsequently pushing into 
each other to form the Appalachian-Scottish-Scandinavian mountain chain (Figure 4b-c). 
Eventually, by the Permian, the enormous supercontinent Pangaea was formed, during which the 
Magnesian Limestone of South Tyneside, Sunderland and Durham was deposited (Figure 4d).  

 
Figure 4. Palaeogeographic reconstructions showing ‘England’ separated from ‘Scotland’ 
by the Iapetus Ocean which closed between the Early Ordovician and the Late Silurian 
and the northward migration of this portion of the Earth’s crust from the Tropic of 
Capricorn north to its current location (Stone et al., 2010, p. 8, Figure 3). 
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The collision of these two areas of the Earth’s crust was a cataclysmic affair. As the two continents 
collided, there was a widespread phase of deformation and mountain building, volcanism and the 
emplacement of granites beneath the Lake District, Dumfries & Galloway, the Cheviots and the 
North Pennines. The Weardale Granite is concealed underground beneath and to the southwest 
of the Borough (Figure 6). Using geophysics we can tell a lot about what is going on deep 
underground. For example, by measuring small variations in the strength of the Earth’s magnetic 
field or the force of gravity, we can deduce something about the rocks underground and predict 
where granites are concealed (Bott & Masson Smith, 1957; Kimbell et al., 2010). The Weardale 
Granite was proved in 1960-61 when a borehole was drilled in Rookhope (Dunham, et al.,1965). 

Of particular interest, in the Borough, is the hemispherical protrusion from the Weardale Granite 
in its NE corner named the Rowlands Gill Cupola (Figure 5). This is a high point on the top 
surface of the Weardale Granite which lies broadly beneath Rowlands Gill. It is not exposed at the 
surface – the top of the granite in this area is thought to be around 1km deep – but its presence 
guides major faults in the Gateshead area which were a significant factor in the deposition of 
Carboniferous coal bearing sediments in the area.   

 
Figure 5. Top surface of the Weardale Granite, showing the top of the Rowlands Gill 
Cupola in the northeast, about 1km beneath sea level (Stone et al., 2010, p. 99, Figure 
36). 

 

In the 1980s a seismic reflection profile was carried out through a good proportion of the NW 
corner of the Gateshead area (Kimbell et al., 1989), crossing from the north over the area of the 
Rowland’s Gill Cupola. This is a method for imaging rock units underground that have contrasting 
properties and in this case it was a set of special heavy lorries that vibrated together, which sent 
energy waves into the ground and the reflections from various rock interfaces were picked up by 
sensitive instruments.  
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The interpretation of the data shows the relatively flat topped, steep sided Weardale Granite to the 
south in what is called the Alston Block. To the north, a thickening set of Carboniferous sediments, 
from the Lower Border Group at the base to the Coal Measures at the top, in the area that is called 
the Northumberland Trough (Figure 6).  

In the earliest Carboniferous (possibly latest Devonian), this area of the Earth’s crust began to be 
stretched in a broadly north-south direction. This initial ‘rift’ phase of basin formation caused the 
crust to fracture: areas underlain by granite remained quite rigid and buoyant (e.g. Alston Block), 
whereas the areas not underlain by granite, where crustal rocks were more dense, tended to sink 
(e.g. Northumberland Trough). Normal, pull-apart faults with significant displacement along them 
formed between the blocks and the troughs. To the north of the Alston Block, running broadly 
east-west, parallel with the A69, were two major faults: to the west the Stublick Fault and to the 
east the Ninety Fathom Fault. The basal Carboniferous sediments are displaced by 2km along the 
Ninety Fathom Fault, showing how much vertical movement there was in the early Carboniferous.  

By the mid-Carboniferous, the north-south tension had reduced and stretching accommodated by 
extension along the fault lines slowed or ceased. However, there was a considerable difference in 
sediment thickness between the block and trough, so as the thicker sediments of the trough 
underwent later stage ‘sag’ due to the compaction of the previous sediments, units continued to 
be thicker to the north of the faults than to the south.  

So to conclude, the Ninety Fathom Fault is a key geological feature within the Borough. It shows 
50m-250m displacement in the surface sediments, but at depth, this is a basin bounding fault which 
separates two distinct areas of Carboniferous deposition. 

 
Figure 6. Interpretation of seismic line BGS86-02 (Kimbell et al., 1989, p. 777, 
Figure 2b).   
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3. Solid geology: Carboniferous Coal Measures 
The whole of the Borough is underlain by late Carboniferous rocks of the Coal Measures1 
approximately 304-318 million years old. The Coal Measures were deposited on an extensive 
alluvial plain, covering much of what is now Northern England, as well as central Scotland, the 
Midlands, Northern Germany, as well as Nova Scotia and Pennsylvania (which were all attached 
before the Atlantic opened much later). This area of the Earth’s crust was, at that time, close to 
the Equator and the climate was tropical so this coastal plain would have resembled the Amazon 
or Congo basins today; though wetter, more like the Florida Everglades.  

The Coal Measures are split into the Lower Coal Measures which can be found towards the west 
of the Borough and the Middle Coal Measures which can be found towards the east of the Borough 
(Figure 7). The rocks of the Coal Measures are characterised by repeating sequences or cycles of 
sedimentation (Figure 8). The sequences in this area start with coal, overlain by mudstone (which 
maybe fossiliferous at the base), siltstone, sandstone, palaeosol and finally topped by another coal. 
Coals may split into two or more seams but named seams are generally laterally persistent 
throughout the area. Many cycles are incomplete with elements missing from either the bottom or 
top of the sequence. Clay ironstones also occur occasionally within the mudstone.  

 

 

                                                 
1 The official current terminology is that all the rocks of what were called the Coal Measures, now belong to the 
Pennine Coal Measures Group, which is constituted by the Pennine Lower Coal Measures Formation, the Pennine 
Middle Coal Measures Formation and the Pennine Upper Coal Measures Formation. Whilst there is good reason for 
this strict lithostratigraphic nomenclature, for the purposes of this report the whole will be referred to simply as the 
Coal Measures and subunits as Lower, Middle or Upper Coal Measures. 
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Figure 7. Coal Measures rock units that underlie the Metropolitan Borough of Gateshead.  
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Figure 8. Stratigraphic log of the Coal Measures around the Metropolitan Borough of 
Gateshead (the pale yellow represents mudstone; the dark yellow triangles are 
sandstones; the bold names are coal seams).  

Approximate range of 
Coal Measures that 
underlie the Borough: 
from the level of the 
Marshall Green Coal at 
the base to above the 
Edmonia (Wearmouth) 
Marine Band.  
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3.1 The Lower and Middle Coal Measures 
The base of the Lower Coal Measures is marked by the Quarterburn (Subcrenatum) Marine Band, 
which outcrops just to the west of the Borough (in a line between Stocksfield running broadly NE 
to Horsley). The Lower Coal Measures are about 220m thick. At its base are a number of marine 
bands, but this marine influence quickly disappears. In the mid and upper parts of the Lower Coal 
Measures the number and thickness of coals seams increase, marking greater terrestrial influence 
(Figure 9).  

The Middle Coal Measures are about 500m thick in total and contain the thickest and most 
economically important coal seams (Figure 9). The base is defined by the Harvey (Vanderbeckei) 
Marine Band, which at this level is the only marine band to be found. In contrast to the Lower 
Coal Measures, the number and thickness of coal seams diminish upwards, and marine influence 
reappears in the upper third. The top of the Middle Coal Measures is marked by another very 
extensive marine band, the Down Hill (Cambriense) Marine Band, which outcrops just to the east 
of the Borough (around 2km east of Follingsby).  

Therefore the Borough contains almost the full sequence of Lower and Middle Coal Measures that 
are extensive throughout the Durham and Northumberland coalfield, in a relatively compact area.  

 

 
Figure 9.  These simplified graphic logs show an idealised cycle within the rocks, with 
increasing grain size projecting further to the right. The rock types found in the Lower 
and Middle Coal Measures are broadly similar, as are the environments of deposition. 
However the proportions of each differ, critically the thickness of marine/freshwater lake 
bands and coal seams.   
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3.2 Depositional environments 
The differing rock types within each sequence are indicative of different depositional environments 
that arose as a result of the rise and fall of sea level caused by repeated glaciations and deglaciations. 
Outlined below are the main depositional environments and the main features in the rocks which 
provide evidence for this interpretation.   

Open and brackish marine 
This environment is represented by thin (1cm-3m) beds of dark shale which contain a marine or 
brackish water fauna, which grades upwards into a freshwater lake fauna. When there was a major 
deglaciation and an associated major rise in sea level, the flat plain of northern England was 
inundated by the sea. Water depths were relatively shallow with poor circulation and low oxygen 
levels. In addition, rivers continued to deposit sediment, so the sea was quite muddy and poor in 
sunlight. The resulting marine fauna is often restricted to animals which could tolerate quite 
brackish water – rare but significant goniatites (Figure 10), bivalves, brachiopods, gastropods, 
crinoids, bryozoa, Lingula, Orbiculoidea, forams, plant fragments and trace fossils.   

Due to the low topography in the basin, these environments were very widespread. For instance, 
the base of the Lower Coal Measures is marked by a very extensive marine band which can be 
correlated across much of western Europe, which contains a goniatite called Gastrioceras 
subcrenatum. This only occurs at this precise level and is diagnostic of the base of the Coal Measures 
in Northern England.   

 
Figure 10. A goniatite (Gastrioceras listeri) from the Lower Coal Measures.  

 

Freshwater lakes 
If sea level rise was limited, the resulting rise in the water table caused the formation of broad 
freshwater lakes across the flat lying plain of northern England. The layers of rock that result 
contain non-marine bivalves, fish, ostracods, Spirobis, plant fragments and trace fossils (Figure 11).   

 
Figure 11.  Close up of fossil mussels from a dark grey shale, formed in a freshwater 
lake (Lower Coal Measures, Stobswood Open Cast).   
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Flood deposits 
The process which contributed the most significant amounts of sediment was flooding.  In most 
flood events, fine mud and silt would have been carried over the river bank and across the 
floodplain, forming layers of laminated shale and siltstones.  However, during major floods, water 
would burst out of the river channel and flood large areas, depositing coarser, sandy, sediment 
over large areas.  These deposits tend to mark an abrupt change in the type of sediment being 
deposited and often form sheets of more coarse grained sandstone (Figure 12).   

 
Figure. 12.  Four pale coloured, sheet sandstones probably deposited during a flood, in a 
sequence of light grey shales (above the Yard Coal, Middle Coal Measures, Potland 
Burn Open Cast).   

 

River channel 
The source of all the sediment that make up the rocks in the Borough came from huge mountains, 
the size of the Himalayas today, that lay to the north. Great rivers, the size of the Indus or Ganges, 
flowed off these mountains to an ocean that lay to the south. These broad, sediment laden rivers 
crossed the flat plain that covered northern England sometimes depositing the flood sediments 
that have already been described above. However, the rivers themselves also left their own record 
within the rocks.  These were narrow (up to 1km wide), shallow (1-8m deep) ribbons of sediment, 
left by meandering rivers, migrating laterally across the alluvial plain and leaving behind mixed 
packages of sediment characterised by long, low angled bedding plains (Figure 13).   

 
Figure 13.  Low angled bedding formed by a meandering river channel. 
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Incised valley fill 
Most of the sediments described so far were deposited during periods of rising or high sea level, 
when periods of deglaciation led to water melting at the polar icecaps. The opposite periods of 
time, when there were glaciations which stored water in the polar icecaps and caused lowering of 
global sea level, also had a great impact on the rocks of the area. However rather than being periods 
of deposition, they were largely periods of erosion. As sea level fell the great rivers that crossed 
the area eroded deeply down to the new lower sea level, causing valleys to be incised into the broad 
flat plain. During these periods, most of the area would have been a flat plateau. These would have 
been dissected by a series of wide (up to 20km) deep (up to 20m) valleys. When sea level began to 
rise again during the next deglaciation, these valleys became infilled by coarse sandstone laid down 
by braided rivers (Figure 14).  

 
Figure 14.  This is a possible incised valley fill sandstone.  It has an erosive base which 
cut down into the underlying mudstone and siltstone, which could have been caused by a 
major fall in sea level.  

 

Palaeosol 
During the periods of glaciation when water was locked up in polar ice caps and sea level was low 
(as described above), most of the flat lying plain was exposed as relatively dry land. During these 
long periods of time little sediment was deposited and soils formed across this plain (Figure 15).  
These ancient soils (palaeosols) formed on whatever pre-existing sediment was exposed, whether 
it was mud, silt or sand. They are often a paler mudstone than those deposited in marine/brackish 
or freshwater environments, show a complete lack of bedding and usually contain numerous plant 
roots. 

 
Figure 15.  A palaeosol beneath a thin coal.  
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Swamp – coal  
At times the alluvial plain was so waterlogged with fresh/brackish water (i.e. not sea water) that 
vegetation built up in thick layers of peat (roughly ten times the thickness of peat that we now 
have represented by coal).  

The coal seams developed from peat which built up in broad wetlands areas formed during the 
initial rise in sea-level at the very start of deglaciations. As polar icecaps began to melt and sea level 
began to rise, the land surface became waterlogged and extensive mires formed. These actively 
grew through the fast build up of decaying vegetation and were soon above the general land 
surface, remaining waterlogged by the intense tropical rainfall of the period. These raised mires 
were largely free of any sediment input and therefore almost pure peat. Without any rise in water 
table these could grow to be 30m thick, but when influenced by a rising water table they could 
grow even thicker. Peat has a very loose structure and contains a lot of water, so when it is 
compacted into coal it reduces in volume 10-15 times. So a thick coal seam which is 2m thick 
began as a thick raised mire peat deposit which was 20-30m thick (Figure 16).   

 
Figure 16.  Coal seam at Blaydon Burn [28cm hammer for scale] (NZ16906236). 
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4.  Superficial geology: Quaternary drift and landforms 
The Quaternary period was made up of alternating cold and more temperate intervals with the 
most recent temperate spell commencing only about 10,000 years ago and continuing to present 
day. Ice sheets repeatedly built up on the higher ground, sometimes the ice sheets reached the sea 
but at other times the North Sea ice encroached onto land areas. This and the multiphase nature 
of glacial advance and retreat led to complex variations in ice flow direction through time, resulting 
in a complicated pattern of glacial landforms and deposits. 

This section outlines the evolution of the broad landscape, before giving an overview of the 
relatively recent effects of the last Devensian glaciation (at its peak between 15,000-24,000 years 
ago) that have left a veneer of unconsolidated soft sediments across the Borough.  

 

4.1 Landscape and bedrock 
Little is known about the development of the landscape prior to the last Devensian glaciation 
(Merritt, 2010). It is surmised that a broadly east flowing set of consequent rivers – the forerunners 
of the Aln, Coquet, Wansbeck, Blyth, Tyne, Wear and Tees – were established in the early Tertiary 
(Palaeogene) after the central Pennines was uplifted and tilted and 1500-2000m of Mesozoic and 
Upper Carboniferous sediments were eroded and deposited into the North Sea (Mills & Hull, 
1976; Mills & Holliday, 1998). Similarly, little is known about previous Quaternary glaciations, 
though there were almost certainly two, perhaps as many as six, which eroded the region and 
contributed to the landscape we see today (Böse et al., 2012; Merritt, 2010). Though these previous 
glaciations and interglacial periods presumably left behind their own suites of superficial deposits, 
these have almost everywhere been wiped away by succeeding ice sheets. A notable exception 
outside the Borough are the sediments at Warren House Gill, near Horden on the County Durham 
coast (e.g. Davies et al 2012b) and it has been suggested that sediments pre-dating the last glaciation 
may exist at the base of buried valleys, including the Tyne (Mills & Holliday, 1998). Therefore the 
landscape and subsequent river drainage pattern today is a result of the prolonged adjustment of 
the rivers to local bedrock conditions (broadly, tending to follow softer rocks and lines of 
weaknesses, like faults, leaving harder rocks upstanding), and the pervasive, yet often enigmatic, 
influence of numerous glaciation-deglaciation cycles.  

Of particular note when looking at the broad landscape, is the Team Valley. This forms an open-
ended valley containing the small River Team, a misfit stream; one which is far smaller than would 
be expected for the valley it occupies, suggesting some shift of the fluvial drainage pattern has 
occurred. To its east is the Low Fell area, which forms a somewhat isolated ‘island’ of high ground. 
It has been suggested that at different periods in the past, the River Wear may have flowed north 
from Chester-le-Street through the Team Valley to the Tyne; alternatively it has also been 
suggested that the River Tyne may have flowed south through the Team Valley to meet the River 
Wear at Chester-le-Street to flow to the sea at Sunderland (Mills & Holliday, 1998). The history of 
the last recent Devensian glaciation, for which we have copious evidence, is complicated enough 
to unravel (see below) and with a number of previous glaciations that may have affected the area, 
it is possible that at different times ice has blocked the lower Tyne and/or the lower Wear, forcing 
one or the other to cut a channel through what was a watershed; this may even have happened 
subglacially under significant hydraulic pressure. At present, we simply do not know how the Team 
Valley formed: it remains intriguing and enigmatic.  

The physical top surface of the bedrock (known as rockhead) is interesting in the Borough 
(Figure 17). Both the Tyne and Team Valleys were previously eroded to a lower sea-level, 
presumably during a glacial episode when water was locked up in icecaps and sea-level was 
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significantly lower, as evidenced by boreholes that have proved the base of both valleys is well 
below present sea-level and in places up to 50m lower than present sea-level.  

The surface of the bedrock almost everywhere in the Borough is however covered by various 
forms of superficial, unconsolidated drift (Figure 18). The only places that remain drift free are the 
west facing sides of the higher ground: the Winlaton-Barlow-Greenside ridge, the Whickham ridge 
and the Low Fell ridge. It is speculated that at least two factors were at play. First, during the 
advancing stage of the ice sheet during the Devensian, the Tyne Gap Ice Sheet was broadly flowing 
from the west to the east, therefore tending to erode the west facing flanks of these ridges and 
deposit till (boulder clay) on the eastern flanks and in the valley bottoms. Second, and less 
obviously, sands and gravels seem to have built up mainly on the eastern flanks (see below for a 
discussion).  

These islands or inliers of bedrock are surrounded by a variety of soft sediments, often multiple 
layers of soft sediment, that were deposited by a complex mix of processes relating advance and 
retreat of two ice sheets. 

 
Figure 17. Top surface of the bedrock (termed ‘rockhead) in metres, showing negative 
figures in grey along the centre of the Tyne and Team Valleys (Mills & Holliday, 1998, p. 
80, Figure 27).  
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Figure 18. Superficial deposits across the Metropolitan Borough of Gateshead.  
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4.2 Ice sheet advance 
At the peak of the last glaciation, about 15,000-24,000 years ago, an ice sheet covered the Borough 
to a considerable depth, up to 1000m (Mills & Holliday, 1998). This ice sheet was made up of two 
streams, one moving south and the other moving east, coming together in the area of the Borough 
(Figure 19). In detail, the ice flows were more complicated as the competing pressures of different 
ice streams waxed and waned through time (Figure 20).  

This resulted in a veneer of till (boulder-clay) being deposited over most of the Borough 
(Figure 18). Over most of the area it does not exceed 10m, but locally in can be up to 30m and in 
buried valleys in can be even thicker (Mills & Holiday, 1998). In composition, it is a firm, dark to 
yellowish brown clay containing silt and sand rich patches locally, with a variety of pebble to cobble 
and above sized boulders; these are mainly locally derived, but also contain examples of resistant 
northern Lake District and southwest Scottish granites and volcanic rocks (Mills & Holliday, 1998). 
In most places this was sub-glacial in origin, smeared over the landscape and compacted beneath 
the weight of the overlying ice sheet.  

 
Figure 19. Broad regional pattern of ice flow, with the North Sea Lobe ice stream coming 
south from the Cheviots and along the coast, the Tyne Gap Ice Stream coming east from 
the Lake District and Dumfries & Galloway down the Tyne valley, and a local source to 
the southwest in the North Pennines (Yorke et al., 2012, p. 609, Fig. 1; after Raistrick, 
1931). The Borough is broadly on the confluence between the North Sea Lobe and the 
Tyne Gap Ice Stream.  
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Figure 20. Detail of differing ice flow at different times during the Main Late Devensian 
glaciation: LT1 – initially the Tyne Gap Ice Stream was active and powerful, pushing out 
across the southern Northumberland plain and eroding strong rock ridges; LT2-3 – as the 
TGIS began to wane, it became successively deflected by the North Sea Lobe until 
flowing due east; LT4 – as the TGIS halts, local ice moves southeast down the North 
Tyne valley (Livingstone et al 2012, p. 32, figure. 5C).  

 

4.3 Ice sheet stagnation and retreat 
The demise of the ice sheet and the resulting suite of superficial deposits is far more complex than 
the deposits left by the ice sheet advance and is not comprehensively understood. What is clear is 
that as the ice sheet melted, a variety of processes were in operation beneath, within, on top and 
along the edges of the ice sheet (Yorke et al., 2012). In addition, a gap opened up between the 
easterly flowing Tyne Gap Ice Stream and the southerly flowing North Sea Lobe creating a space 
in which a large lake, or more probably a multi-phase series of lakes covering different areas and 
with different lake levels, formed (Smith, 1994, Mills & Holliday, 1998; Teasdale, 2013). And to 
complicate matters even more, there was at least one significant re-advance, such that in places 
there is till lying over the top of lake deposits (Livingstone et al., 2012).  

The most important late-phase Devensian deposits are those of the lowlands. Perhaps most 
important are the lake deposits associated with the Team Valley (Figure Q2). These form a 
distinctive flat plain around 1km wide, 8 km long and up to 50m deep (Mills & Holliday, 1998). 
These glaciolacustrine deposits of fine laminated clay formed in the gap between the Tyne Gap 
Ice Stream and the North Sea Lobe, as meltwater was trapped and formed a large lake (Figure 21). 
The exact nature of this lake is yet to be unravelled, and it is unlikely that it was a simple, single, 
stable lake. Flat areas suggestive of old lake surface-levels in different places at different heights 
between 43m and 132m (Smith, 1994, p. 140), suggest at a minimum fluctuating lake levels, 
reflecting pulsating ice dams. Areas of glaciofluvial material, critically south of Birtley and north 
of Chester-le-Street (Teasdale, 2013), also suggest more complex subdivisions on the monolithic 
Glacial Lake Wear, with either the Tyne Gap Ice Steam and/or North Sea Lobe possibly infringing 
on the Tyne, Team and Wear Valleys at different times forming different lakes.  
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Figure 21. Glacial Lake Wear, showing Low Fell as an island (to the northwest of 
Washington) and the Team Valley as a lake (Smith, 1994). 
 

The Team Valley was not the only lake bed: the same lake system, now covered over by other 
sediments, also projected a significant way up the Tyne Valley towards Wylam (Livingstone et al., 
2012 p. 49, Figure 13) or even as far as Hexham (Davies et al., 2012a, p. 338, Figure 1) and up the 
Derwent Valley as far as Rowlands Gill (Livingstone et al., 2012 p. 49, Figure 13) or even as far as 
Hamsterley Mill (Davies et al., 2012a, p. 338, Figure 1).  
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The history of the Tyne Valley 
The nature of the landforms and sediments in the Tyne Valley have recently been described in 
some detail (Yorke et al. 2007; 2012; 2013a; 2013b). Initially, when the Tyne Gap Ice Stream was 
actively advancing down the valley in an easterly direction, it formed large scale ice-sculpted 
bedrock ridges parallel with flow, patches of till, and entrenched channels (Table 1). The start of 
retreat is marked by subglacial meltwater channels and ice-margin drainage and deposition. The 
main phase of retreat is marked by mound and depression landforms of kames and kettle holes 
(Figure 22). These are made up of poorly sorted gravels, sandy gravels and sands, locally mixed 
with till, deposited rather chaotically on top of, within, below and marginal to the ice sheet, from 
rivers, debris flows, slumps, as the ice stream stagnated and melted. In the gap that opened between 
the Tyne Gap Ice Stream and North Sea Lobe, a lake formed into which laminated clays and silts 
built up. Progressively from the east a sand dominated, braided river outwash plain formed in the 
Tyne Valley and prograded over the laminated lake sediments. Finally, as the North Sea Lobe also 
retreated and Glacial Lake Wear was drained, the present drainage system was established. The 
River Tyne cut down into the preceding deposits leaving behind the major river terraces 
(Figure 23) covered in alluvium (Figure 18).  

 

 Phase Landscape Process 

1 Ice sheet advance  Ice-moulded bedrock, 
lineations, and 
meltwater channels 

Indicative of ice-flow direction. Indicative of former ice-
surface slope directions and ice-marginal positions 

2 Ice sheet stagnation Kame and kettle 
topography 

Indicative of ice-marginal zone and final ice wastage. 
Supraglacial and ice-contact outwash deposition where melt-
out of buried ice occurred after the surface forming mounds 
and intervening hollows 

3 Deposition between 
Tyne Gap Ice 
Stream and North 
Sea Lobe 

Flat lake fill and 
flattish outwash plain, 
dissected by later 
streams or rivers 

Damming of meltwater by lowland ice. Lacustrine delta 
development as meltwater enters lake. Westward retreating 
ice sheet margin supplying sediment-laden meltwaters 
deposited in extensive outwash plain in valley. Subsequent 
terracing indicative of aggradation followed by incision 

Table 1 Stages of Quaternary landscape evolution and superficial sediment build up 
(after Yorke, 2012, p. 616, Table 3).  

 

 
Figure 22. Sinuous mounds found around Crawcrook (Yorke, 2012, p. 619, Figure 7a).  
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Glaciofluvial cones 
Finally in this section, mention needs to be made of a number of what appear to be related sand 
and gravel deposits, distinct from the valley bottom sands and gravels deposits described in the 
preceding section. Each of these is broadly cone shaped. The highest point appears to be formed 
at the outlet from one or more meltwater channels on either on the Greenside, Winlaton or 
Whickham ridge. A cone of sand and gravel then spreads out down the flank to the southeast. The 
main example in the Borough has its apex at High Spen, where a series of meltwater channels slice 
through the ridge line. Then spreading out below is a large cone of sand and gravel which underlies 
Rowlands Gill and the east half of Chopwell Wood, all the way down the slope to the River 
Derwent (Figure 18). There is a smaller example at Greenside, where meltwater channels around 
the village open out southward to a cone of hummocky, uneven ground around Reeley Mires. A 
similar spread occurs south of Marley Hill, where a pair of meltwater channels open out onto a 
spread down Hedley Fell to Beamish. A fourth example occurs just outside the Borough where 
meltwater channels around Whittonstall form the apex of a cone of sand and gravel that covers 
the slope down to Ebchester and Blackhall Mill.  

The origin of these deposits is debated (Mills & Holliday, 1998). Early explanations involved glacial 
lakes overflowing over ridge lines and cutting the meltwater channels, but it now seems more likely 
that these meltwater channels formed beneath the ice sheet where high pressure could drive water 
uphill and through bedrock ridge crests. The nature of the depositional environment in which the 
cones formed is less concrete: these may have been beneath or in front of the ice sheet, and if the 
later they may have been simply down slope fans or may have formed in local lakes (Allen & Rose, 
1986). In the High Spen – Rowlands Gill – Chopwell Wood cone, the kame and kettle topography 
beneath Highfield, around Breda Hills and Strother Hills, and the presence of an esker in Chopwell 
Woods suggests this cone was, at least in part, deposited subglacially,  

 

4.4 Post-glacial superficial deposits 
Following the return of a temperate climate after the last ice age, river terraces were formed in 
both the Tyne and Derwent valleys (Yorke, 2012). However, with the exception of relatively small 
terraces at the confluence of the Stanley Burn and the River Tyne (NZ118637), another on the 
River Derwent at Rowlands Gill (NZ158578), and a small area above the River Team upstream of 
Kibblesworth (NZ240546) these are best developed in the Tyne and Derwent valleys upstream of 
the Borough area. The final stage of deposition in both the valleys is a wide spread of alluvium 
across the valley floors, which consists of gravel, sand and clay, with peat formed in hollows locally 
(Mills & Holliday, 1998).  

A final recent deposit worthy of special mention are the quite spectacular tufa formations in some 
side streams in the Derwent Valley (Durkin, undated; Tucker & Martin, 2011). Tufa is redeposited 
calcium carbonate which precipitates either due to chemical processes, most commonly when 
water is saturated in calcium carbonate and becomes degassed of carbon dioxide, or as a result of 
biological processes in association with moss, green algae, reeds, leaves, twigs, cyanobacteria and 
microbes (Tucker & Martin, 2011). Tufa formations are uncommon features in the UK and are 
usually found in areas with limestone bedrock (Pentecost et al, 2000). What makes these Derwent 
Valley examples so noteworthy is that they have formed in areas underlain by Coal Measures 
mudstones and sandstones. The tentative conclusion of Tucker & Martin (2011) is to link these 
Derwent Valley examples to the higher heat flow over the Rowlands Gill Cupola of the Weardale 
Granite (see Section 2), creating a slow upwelling of water which could bring calcium carbonate 
enriched waters up to the surface from the underlying mid-Carboniferous rocks that contain beds 
of limestone.  
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Figure 23.  Tufa barrages at Lilycrook Burn. 

 

 
Figure 24.  Series of tufa barrages at Thornley Woods. 
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5. Human impact on the landscape 
Whilst the Borough today is green and leafy, its industrial past has left a legacy of landscape 
alteration. Perhaps the most pervasive impact in the past, remarkably almost invisible today, is that 
of deep coal mining. Collieries and their associated spoil heaps, model villages (e.g. Clara Vale), 
and the transport systems that connected them to the Tyne were dotted around the Borough, the 
last colliery at Marley Hill closing in 1983 (Mills & Holliday, 1998). There has also been some open 
cast coal mining on the upland ridges, where the bedrock is close to the surface and mainly free of 
superficial deposits, for example around Byermoor Hill and Burdon Hill and to the southwest of 
Greenside. These were relatively small operations targeting one or two coal seams. Also on the 
upland ridges, there have been sandstone quarries supplying local building stone, for example the 
quarry in the sandstone above the Hutton coal seam in Winlaton which shows both medieval 
quarrying by pick and a more recent use of explosives (Figure 25).   

In the lowlands, there has also been a considerable amount of landscape impact. In the Tyne 
Valley, there has been significant sand and gravel extraction, for example around Blaydon Burn 
and to the west of Crawcrook. Whilst in the upper part of the Team Valley, east of Kibblesworth, 
clay pits have been dug for brick making. In contrast to this extraction, along the banks of the 
River Tyne the flood plain has been raised for example beneath the Metrocentre and between Salt 
Meadows, just east of Gateshead, and Felling Shore.  

The large scale human impact on the landscape is summarised on the final map (Figure 26).  

 
Figure 25. Sandstone quarry in Winlaton, showing interesting channel feature 
(NZ18026284).  
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Figure 26. The main areas of human impact on the landscape.  
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6. Recommendations 
This Geodiversity Audit was carried out as a desk-based study and provides a preliminary synopsis 
of the geology of the borough. It is recommended that further more detailed work, including field-
based survey, be undertaken to enable potential Local Geological Sites within the borough of 
Gateshead to be identified, described, designated and protected in line with Policy 38 in the 
Making Spaces for Growing Places Local Plan Document (Metropolitan Borough of Gateshead, 
2018). 

 

Therefore the following recommendations are made: 

 

1. Carry out field-based survey of potential Local Geological Sites. These will cover, 
but are not limited to:  

a. Bedrock geology (Carboniferous Coal Measures)  
b. Quaternary geology (Devensian ice age and recent rivers and lakes) 
c. Geology-ecology interface (what influence has the bedrock and quaternary 

geology had on soils, flora and fauna?) 
d. Geology-human interface (what impact has the bedrock and quaternary 

geology had on human habitation?). 
 

2. Produce a Field Record and Assessment Form (North East Geodiversity Forum, 
2011, appendix A) for each site. 

 

3. Go through the Local Geological Sites ‘Selection & Designation’ process (as 
outlined in North East Geodiversity Forum, Section 4) to underpin Policy 38 in the 
Making Spaces for Growing Places Local Plan Document (Metropolitan Borough of 
Gateshead, 2018).  
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7. Glossary 
Carboniferous A period of geological time between approximately 360-300 million year ago. 

Though coal is mainly found in the latter part of the Carboniferous, the name 
‘full of carbon’ resonates with this economic utility. 

Consequent 
river drainage 
pattern 

Where rivers flow downslope, without any apparent influence of the 
underlying geology (e.g. the influence of hard and soft rocks, influence of 
faults as broadly linear lines of weakness etc.) 

Devensian The name given to the last glacial which started around 100,000 years ago, 
was at its height/coldest between 24,000-15,000 years ago, and ended around 
10,000 years ago when the ice had retreated broadly to their present limits.  

Esker A linear or meandering ridge of sand and gravel left by a river flowing under, 
within or on top of an ice sheet, which is left behind when it melts.  

Fault Essentially a crack in the Earth’s crust which form under tension or 
compression and result in rocks slipping past each other in an earthquake. So 
called ‘normal’ faults form when the Earth is stretched 

 
Kame A roughly cone shaped mound of sand and gravel. This may have formed on 

the surface of a melting ice sheet, when sediment collects in a hollow, or 
when a river flows off an ice sheet depositing a fan of sediment.  

Kettle hole A roughly circular depression in a sand and gravel area, which may have a 
pond in the bottom. May have formed when a piece of ice from a melting ice 
sheet is left isolated and other sediment builds up around it; when it melts, it 
leaves a depression behind.  

Mudstone Rock formed from a wide variety of complex aluminosilicate clay minerals, 
which are very small and have a sheet-like form (imagine many, very tiny 
sheets of paper. Which when dropped into water tend to very slowly drift to 
the bottom and align in horizontal layers, giving the resulting rock a finely 
laminated structure). 

Quaternary The last period of geological time, which began approximately 2.6 million 
years ago, which is characterised by a series of glaciations and deglaciations.  

Sandstone Rock formed predominantly of sub-rounded grains of quartz (imagine a bag 
of marbles, but smaller) cemented together.  

Subsequent 
river drainage 
pattern 

When rivers appear to be influenced by the underlying geology (e.g. following 
soft rocks, with a valley side (or sides) being formed from harder rocks) 

Superficial 
deposits 

Relatively recent, unconsolidated deposits that drape over the underlying 
bedrock, such as those left by the last ice age (e.g. till (boulder clay)) or by 
major rivers (e.g. alluvium)  

Till A mix of various grain sizes from clay, silt, sand, pebbles, cobbles and 
boulders (even sometime rafts of bed rock tens of metres across) commonly 
called boulder clay.  
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