
FGS field trip to Northumberland & Borders,  10 – 16 June 2012 
 
The Field Trip to Northumberland and the Borders was organised by Graham Williams and led by Lesley 

Dunlop who had given us an interesting talk on the Geology of Northumberland, on the Friday before the field 
meeting. The trip provided members with excellent examples of various structural features including Hutton’s 
famous unconformity at Siccar Point and at Jedburgh; Carboniferous sedimentation in the Northumbrian Basin and 
igneous rocks of various ages and types, including Whin Sill, Cheviot Granite and Devonian volcanics. The 
following report has been written up by three teams of volunteers. 
 
Hutton and his famous Unconformity 

James Hutton (1726-97) is known as the founder of modern geology. He was a local gentleman farmer 
when he discovered the unconformity at Siccar Point and a qualified physician, agriculturalist and manufacturer of 
chemicals. He was active in what is known as the Scottish Enlightenment and was a founder member of the Royal 
Society of Edinburgh (RSE), associating with the likes of John Playfair, Adam Smith and David Hume. Hutton 
distrusted Archbishop Ussher’s evaluation of the age of the earth as dating from 4,004 BC, arrived at by Ussher 
from close literal reading of the Bible: Hutton believed the earth to be aeons old. 

Hutton discovered a number of unconformities, the first being near Newton Point, on Arran. Others 
followed, the most well-known being here at Siccar Point, on the coast about 15 miles north of Berwick-upon-
Tweed. It is justly famous not only for its importance in the development of Hutton’s thinking but also for its 
spectacular setting, the different rock colours, and because, being washed by the sea, it remains clear of vegetation 
that obscures some other sites. It presents an ideal exposure for study provided the tide is out, and its historical 
significance makes it a place of pilgrimage for all geologists.  

Hutton found the unconformity (Fig. 1) when on a boat trip from Dunglass with his friends Playfair and Sir 
James Hall, the latter being a landowner and also a geologist. In his paper read to the RSE in 1775 Hutton 
explained his understanding of the slowness of geological processes, concluding, ‘We see no vestige of a beginning 
– no prospect of an end’. In 1805 Playfair wrote ‘On landing at Siccar Point we found that we actually trod on the 
primeval rock.....’, and ‘The mind seemed to grow giddy looking down into the abyss of time’. Science had 
released Ussher.  

 

 
Fig. 1: Hutton’s Unconformity, Siccar Point 

 
Fig. 2: Sketch of Hutton’s unconformity at Jedburgh 

 
An unconformity can be defined as ‘a surface between two successive strata, which represents a missing 

interval in the geological record and is produced by an interruption in deposition’. Where the beds above an 
unconformity are not parallel with those beneath, as here, it is termed an angular unconformity.  

In the case of Hutton’s unconformity, the missing interval of time between the deposition of the sediments 
below and above the unconformity surface was long enough to allow significant earth movements and subsequent 
erosion of the underlying beds.  
 
Burnmouth and Eyemouth - Silurian and Devonian Deposits 

The Lower Silurian greywackes, which form the beds underlying the unconformity were laid down in a 
deep sea environment as slurries under turbulent conditions, as indicated by their structure and lithology. These 
turbidite deposits formed about 450Ma and were subsequently compressed and folded almost vertically, then 
eroded prior to deposition of the overlying Early Devonian volcanic rocks. 



 
Fig. 3: Burnmouth: Silurian 

greywackes, base of a vertically 
dipping turbidite with distinct sole 

structures caused by the turbid flow. 

 
 

Fig. 4: Eyemouth: Vent agglomerate of 
Early Devonian age 

  
Fig. 5: Devonian agglomerate 

showing evidence of flow 

 
The Devonian sequence (Figs 4 & 5) comprises a mixture of andesitic lavas and agglomerates and a classic 

suite of red coloured Old Red Sandstone sediments - sandstones and conglomerates, deposited on a broad coastal 
plain. The Devonian sequence is about 345 Ma old and the unconformity therefore represents a gap of at least 55 
Ma, during which time other sediments may have been deposited over the Silurian greywackes but subsequently 
lost through erosion.  From Siccar point we travelled to a road cutting in the cliff north of Burnmouth overlooking 
the harbour and beach; where near vertical Lower Carboniferous beds of the Cementstone Group and Fell 
Sandstone Group, downfaulted against Silurian rocks, are exposed on the foreshore. In the cliffs above, the Old 
Red Sandstone has been faulted against Silurian greywackes.  

 

  
Fig. 6 (R): Faulting at Burnmouth Fig. 7: Andesitic dyke at Burnmouth 

 
The coastal section between Eyemouth and Burnmouth provided many examples of faulting and folding 

associated with deformation during late Llandovery to Wenlock time. A roadside outcrop revealed highly folded 
Silurian greywackes. They consist of a series of competent and incompetent beds showing a variation from sandy 
mudstones/shales to fine grained sandstones. The rocks had undergone compression into tight folds (beds dipping 
at angles of 50°-60°) some of which have been faulted out along the fold axes and strong cleavage is visible in the 
less competent beds. Earth movements have been further evidenced by minor faulting particularly of competent 
beds (Fig. 6) and mineralisation (calcite) along fractures and in the noses of folds. The way up of the beds is shown 
by the spectacular sole marks (Fig. 3).  

The deposits were later intruded by a dyke about 4m wide, probably along pre-existing zones of weakness 
(Fig. 7). The dyke comprises a pink andesite with chilled margins and phenocrysts of feldspar in the centre.  

Palaeogeographically, by the end of the Silurian the Iapetus Ocean had considerably narrowed and 
turbulent flows of poorly sorted material allowed the deposition of the thick sequences of greywackes. By the late 
Silurian/Early Devonian plate movement resulting in continental collision generated magma at depth, which gave 
rise to the intrusions and volcanic activity of the area. Compressional events produced intense folds in the Silurian 
and Early Devonian rocks.  

At the far end of Eyemouth beach, exposures of Devonian agglomerate occur on the foreshore. These 
rocks, pyroxene andesites, consist of igneous clasts in an igneous matrix and display a texture suggesting they are 
autobrecciated lavas (Fig. 4). Fragments vary in size and shape and the pyroxenes and feldspars often form 



phenocrysts. The colour of the rock varies from pink to grey with green areas of reduction spots. Some outcrops 
show flow banding (Fig. 5).  

Back towards the car park, a channel in the cliff agglomerate has been infilled with dark red unconsolidated 
material derived from the Silurian and Old Red Sandstone deposits. The flow structures (imbrication) within 
provide evidence for a pre-Devensian stream flowing towards the sea (Fig. 8). 

 
Fig. 8: Eyemouth: Pleistocene (Devensian) 

channel in Devonian agglomerate, infilled with 
derived ORS. 

 
Fig. 9: Group Photo on Holy Island - the end of lovely sunny 

days down by the sea! 

 
Carboniferous Sedimentation in the Northumbrian Basin 

Fault blocks resulting from Tectonic extension during the Carboniferous formed a ‘Block and Basin’ 
topography. The Northumberland trough was bounded to the north by the Cheviot Block, and to the south by the 
Alston Block. This block and basin topography controlled sedimentation; shallow marine and terrestrial deposits 
(including deltaic sediments) over the ‘Block’ regions pass laterally into deeper marine sediments (including 
turbidites) in the ‘Basin’ regions.  

We saw various examples of the early Carboniferous sediments deposited over the Cheviot Block, 
including: 

·  braided river sandstones of the Fell Sandstone Formation at Bowden Doors; 
·  deltaic mudstone/sandstone sequences (including cementstones) adjacent to Berwick Golf Course and at 

Willy’s Hole on the Whiteadder Water. 
·  marine limestones at Harkness Point (Bamburgh), St Cuthbert’s Beach (Holy Island) and Berwick 

lighthouse; 
 The Fell Sandstone Formation outcrops as a series of impressive NW-SE crags. At Bowden Doors, the 

Formation dips at 5-10° SSE and is mainly a gritty, coarse-grained sandstone locally grading to fine-grained 
sandstone (Fig. 10). Very well developed cross-bedding indicates a current from the NW, which together with the 
presence of steep sided channels, ripple marks and a lack of fossils, are typical of a braided river system. The 
lithologies are immature, containing clasts of silica, iron, mica and feldspars suggesting a nearby derivation from 
the Cheviot volcano and pluton to the west. The maximum thickness of the Formation is 350m around Rothbury. 
The rock varies greatly in colour due to the variable oxidization of the iron.  

Corby Crags provide a spectacular view to the south, with Edlingham Castle (13thC) and Church (10thC) in 
the foreground built of Fell Sandstone (Fig. 11). This Sandstone was also taken to Lindisfarne to construct the 
priory, church and castle. Bamburgh Castle, built on the Whin Sill, is underlain by highly oxidized mica/quartz 
sandstone, with dramatic cross-bedding seen at the war memorial. 

At Harkness Point, a 50cm sequence of deltaic mudstones and sandstones lay atop a thick limestone, and 
had been baked by an overlying dolerite sill. In the cliffs below Berwick Golf Course, a thick classic deltaic 
sequence of Carboniferous age, namely, an interbedded mudstone-sandstone sequence with thin coal beds. This 
sequence overlay a steeply dipping limestone sequence. On the north river bank at Willy’s Hole, there were near 
horizontal beds of fine-grained sandstone, siltstone and mudstone with abundant plant material (Fig. 12). Some 
beds are cemented with calcite, and are called cementstones. A distant view of Barrow Scar in the Upper Coquet 
Valley showed a considerable thickness of these early Carboniferous sediments. 

 



 
Fig. 10: Fell Sandstone at 

Bowden Doors 

 
Fig. 11: Fell Sandstone in 

Edlingham Castle 

 
Fig. 12: Willy’s Hole - Cementstone on cross-

bedded sandstone overlying a mudstone 
sequence 

 
At Harkness Point, there were thick beds, dipping 15°N, of very fossiliferous marine limestone containing 

corals, bryozoans, gastropods and bivalves. The beds were cut by a dolerite intrusion. At St Cuthbert’s Beach, 
similar limestone has been baked and metamorphosed by a large E-W dolerite dyke. The limestone beds had been 
gently folded and exhibited en echelon tension gashes on the anticline crests (Fig. 13). Similarly, the spectacular 
80cm cubed blocks of crinoidal limestone below Berwick Lighthouse displayed even more precise tension gashes 
(Fig. 14); go to http://mountainbeltway.wordpress.com/2010/08/24/tipping-your-tension-gash/ for a very good 
demonstration of tension gashes and how they form. 
 

 
Fig. 13: Folded limestone at St Cuthbert’s Beach  

Fig. 14: Steeply dipping sequence of Carboniferous 
Limestone, Berwick golf course 

 
Igneous Rocks 

During this field trip we were able to visit the two major igneous features of the area – the Cheviot Igneous 
Complex and the Great Whin Sill. 
 Cheviot Igneous Complex 
 The Cheviot Igneous Complex was formed in the Early Devonian around 400Ma at the time of the closing 
of the Iapetus suture and the Caledonide Orogeny. Activity began with an explosive phase, followed by an 
outpouring of andesitic lavas and ended with the emplacement of the Cheviot granite batholith. We were able to see 
all three phases. We saw evidence of the first explosive phase in the beach at Eyemouth with boulders and 
exposures of volcanic agglomerate and also of auto-brecciated rhyolitic lava, which indicated pulsing of the 
igneous activity – time to solidify followed by later pressure. Clasts were up to 20cm in diameter and contained 
phenocrysts of feldspar and pyroxene. In the lavas there was clear evidence of flow-banding. 
 After the explosive phase came an effusive phase where mostly andesitic lavas built a very large volcano. 
The area of exposure today is well over 30km across. The main source of the lavas is unknown, but we saw one of 
the feeder dykes cutting through Silurian greywackes on a steep path up from Burnmouth bay. This dyke is about 
4m wide and porphyritic in texture with a fine grained chilled margin. We were able to see the lavas at a number of 
localities including in the Harthope Burn valley, not far SW of Wooler. The Harthope Burn flows off the eastern 
and south-eastern side of The Cheviot (815m). At Earle Bridge Quarry we got our first proper look at the dark 
andesitic lava with its phenocrysts of pink and white feldspar and biotite and we saw evidence of flow-banding. 



The intermediate composition indicated that the igneous material had risen through continental crust on its way to 
the surface. 

A couple of miles upstream is a north-bank tributary of the Harthope Burn, the Carey Burn. Here we 
walked up past three beautifully defined alluvial terraces cut into moraine to view more exposures of porphyritic 
andesite. Some of the feldspars and pyroxenes here showed signs of alteration to yellow epidote and to dark green 
chlorite as we neared the contact with the Cheviot granite. On another day we penetrated into the remote recesses 
of Upper Coquetdale not far from Chew Green Roman Fort. Here at Blindburn, Buckham’s Bridge and up to 
Fulhope farm, we visited another series of exposures of andesitic lava with phenocrysts of feldspar and pyroxene. 
Some of the feldspars had been hydrothermally altered to greenish sericite mica. There was evidence of multiple 
lava flows with layers of vesicles in the tops of individual flows. 

We saw our best exposure of the final phase of the Cheviot Igneous Complex, the intrusion the granite 
batholith, which took place about 380Ma, back in the Harthope Burn area. Two miles above Carey Burn where we 
had seen andesitic lavas, another north-bank tributary, the Hawsen Burn, ran right along the contact between the 
lavas and the granite.  

The Cheviots area is not one where exposures abound. The rounded green boggy slopes cut into by deep 
valleys with steep convex slopes mean that exposures can be hard to find. However, our intrepid leader, Lesley, 
climbed down to the stream to retrieve specimens of the granite for us to examine. Here the granite is a very fine-
grained pinkish microgranite, probably indicating rapid cooling near the roof of the intrusion. The less adventurous 
members of the party were still able to see from the path winding high above the stream that we were on the edge 
of the granite’s metamorphic aureole. Close to the granite, the earlier lavas had been baked to hornfels. And there 
was also evidence of hydrothermal alteration with striking black blobs and stringers of the boron-rich mineral 
tourmaline, plus epidote. 

Great Whin Sill Complex 
The second great igneous feature of the area is the Great Whin Sill. Although the Whin Sill’s most well 

known exposure is capped by Hadrian’s Wall, other notable land features are Bamburgh Castle, Lindisfarne Castle 
on Holy Island and the Farne Islands. We did not visit the impressive Hadrian’s Wall but saw the Complex at 
Bamburgh Castle (with festivities on the castle green awaiting the arrival of the Olympic Torch) and Lindisfarne 
Castle on Holy Island.  

‘Sill’ is a North of England quarryman’s term for any more or less horizontal or flat-lying body of rock and 
it is the Whin Sill that has given the name sill to geological science. 
 The Great Whin Sill as a whole underlies a considerable area of North East England and can be up to 70m 
thick. The Sill swarm greatly influences both the geography and geology of this region of the UK. While much of 
the outcrop is a single layer it splits into at least five layers in places with an associated feeder dyke swarm with 
three or more dykes visible on Holy Island, which have the same composition as the sill.  

The Whin Sill swarm lies in a roughly arcuate outcrop that extends from the Farne Islands in the north to 
Lundale, in the Pennies, to the south. It was intruded, into Carboniferous Limestone, at 295Ma at the same time as 
the Variscan / Armorican / Hercynian Orogeny in latest Carboniferous or earliest Permian times. It came from a 
magma source or sources that remain to be indentified but are associated with the Variscan Orogeny. The crust 
under what is now Northern England was under excessive stress and ruptured, leading to the outpouring of several 
hundreds of cubic kilometres of magma at up to 1100� C. The adjacent rocks were much modified by the intrusion 
of vast volumes of molten magma. 

We were not able to see the exposure on the seaward side of Bamburgh Castle where the sill transgresses 
across red Carboniferous sandstone. It is overgrown, but approximately 1km north of the Castle lie Harkness Rocks 
where the sill is exposed in the beach.  

Although variously estimated to be up to 70m thick, top and bottom features of the intrusion are visible on 
the beach tens of metres apart across a fault zone near Stag Rock. The exposed top surface shows a distinct chilled 
margin where the black basalt magma cooled against the Carboniferous Limestone country rock. Gas bubbles (now 
amygdales, some containing quartz and calcite crystals) occur near the top of the body (Fig. 15). They are 
elongated, indicating an NE-SW direction of the lava flow. Slightly further in from the margin there are ropy flow 
structures where the lava cooled less quickly and flowed for longer. The basalt is very fine grained at the margin 
but coarser away from the edge. A short distance north of this the sill had been up-faulted at a small fault scarp and 
beyond that was revealed to have transgressed into mudstones of the Yoredale Group.  



 
Fig. 15: Elongated gas bubbles indicate proximity to the 

top of the sill and also show direction of flow. 

 
Fig. 16: Flow texture within amygdales along the same 

axis as the gas bubbles. 

Figure 16 shows lava flow texture in an amygdale, which occurs along the same axis as the elongated gas 
bubbles (NE-SW). The bottom of the sill is intruded into horizontally bedded cementstone, sitting on a 
Carboniferous Limestone platform (Figure 17). Figure 18 records a coral fossil in the exposed surface of the 
limestone. 

On Holy Island the Whin Sill Complex is represented by the Holy Island Dyke and a large portion of the 
bedrock was seen to be entrained along the edge of a dyke (Fig. 19). The dyke runs along the southern edge of the 
island and is split into en echelon stretches by N-S faults. The tiny St Cuthbert’s Isle is one such segment. We 
visited the stretch to the east beneath the low mound of Heugh Hill. Here the cliff line in part runs exactly along the 
vertical margin of the dyke. We could see the fine-grained, shiny edge of the dark dolerite and behind that the 
coarser grained and fractured interior of the dyke. Plastered onto the dyke/cliff edge were thin slivers and blobs of 
country rock, metamorphosed limestone (real marble), some of it with a sugary texture. Here the country rock is the 
Acre Limestone, part of the Carboniferous Limestone.  

Scarcely 1km to the east lay the iconic Lindisfarne Castle upstanding on its separate en echelon stretch of 
dyke. We could appreciate the en echelon nature of the stretches of dyke from a metre or so up on top of the lowly 
Heugh Hill and also get some idea of the thickness of the dyke, 10–30m width.  

 
Fig. 17 (L): The base of 

the sill cross cuts the 
bedding of the Carb. Lst. 

 

Fig. 18 (above): A fossil coral is exposed on 
the limestone surface 

Fig. 19: Bedrock caught up and 
entrained into the edge of an associated 

dyke on Holy Island 

 
Various Society Members who went on the field trip  

 


